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Abstract. In recent years, researchers and industrial coritiesithave been in-
creasingly interested in Product Lifecycle Managen{ELM); hence the prod-
uct lifecycles have received considerable attenfidre general features of the
lifecycles are well known, however the special eloter of the equipment in re-
search environment: the particularly long life, esimental character, complex-
ity and interdisciplinary, are still not completaipderstood. The paper analyses
the specific requirements and describes a commanoaph to lifecycle of
equipment in research environment such as larde-scéentific facilities gen-
erating ionizing radiation. Based on the key figdira lifecycle model is devel-
oped. In order to develop this model, researctudes a case study carried out
in CERN (Geneva, Switzerland), analysis based oll,PEE product develop-
ment framework and discussion on the basis of #selts. The research was
done within the PURESAFE research project, whicfuigled under the Euro-
pean Commission's Seventh Framework Programme Narie Actions.
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1 Introduction

A considerable amount of research has been cortluetated to lifecycles. For ex-
ample [3] estimated that before 1980’s the lifeeigwere more marketing oriented
stating the stages of development, growth, matuityg decline. After the 1980's
models present a life of a product from conceptidesign, production, sale, us-
age/service to decommissioning [3], which sugdestarocess view of the lifecycle.

In previous research [17], [19] it is indicatedtttize lifecycle model and the phas-
es depend on the product type or a project. In [tlig] stated that, if the lifecycle is
tailored to match the needs of a project, it walluce the development risk. Hence, it
is of interest to fill this gap for the researchuignent such as large-scale scientific
facilities generating ionizing radiation.

In this study we use the [11] determination of tliecycle, which determines
lifecycle as the evolution from conception througkirement. In [11] the term lifecy-
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cle model is determined to provide a framework kfcpsses and activities. On the
other hand we consider the definition from [19],en it is indicated, that term
lifecycle generally express the set on phasesagestthat are performed during the
physical life of a product.

1.1  Product Lifecycle Management (PLM)

The essence of Product Lifecycle Management (PL&tpading to [19] is sharing
and managing product data, information and knowdedgany times PLM is associ-
ated to information and communication technolog®T{l -solutions. In fact, [16]
defines PLM is a ‘holistic business activity’ witlhany components for example
products, methods, processes, people, informatidd@T systems. The generic PLM
models, methods and tools include the whole lifecyt a product [1]. Therefore it is
easy to agree with [19], when they indicate thaMPik an integrator of tools and
technologies in the information flow of productelifycle or lifecycle-oriented busi-
ness model that is supported by ICT.

The common view in PLM field is information and kmledge in the product
lifecycle. The approach is the common need forafggroduct data in different busi-
ness functions and in different activities [16].cAcding to [16] PLM manages the
whole range from individual parts, to products andhe entire product portfolio of
the company, where the products may be uniquebatch of thousands and they may
be successor or derivative of another product.

1.2  Systems Engineering (SE)

In addition to PLM also Systems Engineering (SEjradses lifecycles. In [12] it is
defined as a guide to the engineering of complskesys. In [14] it is pointed out that
the objective of SE is to see that the design,dngl and operating of the system is
accomplished most cost-effective way possible ana isafe manner. In turn [17]
imply that SE is about creating effective solutidnsproblems and managing the
complexity of developments.

System elements are hardware, software, facilipesple and data [10], [14]. In
[12] a complex engineered system is defined asipfialty of intricately interrelated
diverse elements. Most complex systems have alifngluring which they undergo
multiple major and minor upgrades [12]. In majorigses there are also predecessor
systems that will impact the development of a ngstesn [12].

Noteworthy is, that ISO/IEC 15288 standard does dexcribe specific system
lifecycle model, but states that “A life cycle che described using an abstract func-
tional model that represents the conceptualizaifam need for the system, its realiza-
tion, utilization, evolution and disposal” (see Fij [11].

1.3  Product Development models

We also take into a consideration two differentduat development models for the
lifecycle development: Stage-Gate model [8] anddpod development model from



[20]. Stage-Gate system or process is conceptudlogerational map for project

manager to reach the desired destination of ativelight-out and carefully executed
new product [7-8]. Stage-Gate consists of stagégrevthe work is done, and in be-
tween are gates, where the go/kill/hold/recycleidens of the continuance of the

project are done [8]. Usually Stage-Gate systeme ffim four to seven stages and
gates, which are dependable of the company [g]7]liit is pointed out, that the sys-

tem is built for speed with stages that are crasstfonal and activities that are paral-
lel. It is also emphasized, that a Stage-Gate tsrsubstitute for project management
methods; on the contrary, they are complement eti@r [7].

In [8] Stage-Gate model after the idea there are $tages (idea + 5 stages) and
consequently in between five gates. The Stage-8atiem suggests the best practic-
es, recommended activities, and likely deliveraljlds The activities in the stages
may over-lap each other, often are parallel arated![8].

Even though the Stage-Gate systems are for NewuBr@Evelopment, they have
quite a lot of similarities with PLM and especialljth SE. For example the decision
points between the phases are really importanEigeSg. [14]).

Other model that is taken into consideration isdtxephase product development
process from [20]. The purpose of the process tsatwsform set of inputs into set of
outputs, with sequence of steps [20]. Product dgreént is a process that can be
divided into phases. As the project is an imporgamse in the lifecycle model pro-
posed in this paper, the phases presented in 2@ been included too the analysis.

1.4  Approach and organization of the paper

PLM and SE concepts are linked to each other #isystem’s breakdown structure,
also products are found. In SE lifecycle is seemfithe perspective of a complex
system that is created and manufactured in a fetaiices. On the other hand Product
Development processes such as Stage-Gate systeomdentrated on project han-
dling methods especially in the front-end. Thereftivey are briefly compared. It is
important to remember, that in [8] Stage-Gate mobetween each stage, there is a
gate to go through, even though they are not seéiigi 4. It was decided to use all
mentioned methodologies in the analysis for therdisciplinary purposes.

The purpose of this paper is to provide a modéh widmmon lifecycle phases. On
the other hand, each phase is characterized bgnhpthe inputs or outputs, but also
the activities [9]. Hence, this paper also pressatee activities those phases include.

The following of this paper is structured as follown the second chapter we de-
scribe the background of the case used in thisrpawe the research problem at
hand. The next two chapters describe research @iy (chapter 3) and develop-
ment process (chapter 4). On chapter 5 resultdysisand discussion based on the
results are presented. We end the paper with csinds at chapter 6.



2 Background

2.1 Research Facility

CERN, the European Organization for Nuclear Re$easoone of the world’s largest
and most respected centers for scientific resedicbusiness is fundamental physics:
to find out what the Universe is made of and howatks. At CERN, for the studying
the basic constituents of matter — the fundamepdaticles, the world’'s largest and
most complex scientific instruments are used. Bylying what happens when these
particles collide, physicists learn about the laafdNature. The instruments used at
CERN are particle accelerators and detectors. Acatgdrs boost beams of particles to
high energies. The particles are made to collidd wach other or with stationary
targets and these collisions are observed andcetudts recorded in Detectors. [4].

CERN's accelerator complex
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Fig. 1. The CERN accelerator complex [5]. © 2008 CERN.

The facility consists of a chain of acceleratoee(fig. 1). Particles are produced in
linear accelerators: Linac3 for heavy ions and tihéor protons. Particles are then
accelerated in the PS Booster (built in the 1até0%9, then the Proton-Synchotron
(PS, built in the 1950s), then the Super-Protone8gtron (SPS, built in the 1970s),
and finally in the Large Hadron Collider (LHC, conssioned in 2008). Particles can
hint fixed targets (e.g. in the East and North Ekpental Areas) or collide as it oc-
curs in the LHC, at the center of one of its foig dhetector.

The LHC is emblematic of the complexity of suchestific facility projects. The
history of this equipment started early 1980 withidea of re-using the Large Elec-



tron Positron Collider (LEP) 27 kilometer ring forore powerful machine. The start-
ing point was at Symposium organized at 1984. Tdwstruction got approved by

CERN Council 1994, civil engineering work began1888, construction had many

phases and the scheduled start was at 2008. [6] the time between the idea to the
start of the construction took more than 10 yead the construction of the equip-

ment took a decade. Concerning its operation flifées expected to last at least 20
years. But an upgrade program is already on-gaind,it is very likely that its opera-

tion last over 30 years. The CERN's Proton-Syncimots a key component of the

CERN's accelerator chain, and is in operation forarthan 50 years and should be
kept in operation for the next 30 years of operattbthe LHC. So it is reasonable to
say that the lifecycle is particularly long.

The LHC accelerator project cost more than 6 billBwiss francs. The cost of its
four big detectors and three smaller ones is tadzied to this figure. Finally, from a
technical point of view, it embeds many technolegeished at their limits: 8.7 T
superconducting magnets operating at 1.8 K, ulgh tlacuum.

The project itself can be associated to a largeesndustrial project like a petrole-
um refinery for instance. But it embeds construtsob-projects (400 million Swiss
francs underground civil engineering sub-projehts shall be managed according to
state-of-the-art construction projects). It alsobeds new product development sub-
projects that aim at manufacturing components ifeselt also consists of a few IT
projects that could only succeed if state-of-theFamproject management approaches
were implemented. All this contributes to the coextly of this project that makes it
difficult to associate to it a unique lifecycle sohe.

2.2 Research Problem

In thorough literature review [3] it is noted, thtae product lifecycle concept has a
different meaning to different researchers. Heitds,easy to say that also the lifecy-

cle model differs in different use cases. The |jfde of the case study has the special
characters as mentioned in chapter 2.1. This pageresses the lifecycle phases of
the equipment in research environment and somteedddtivities in the phases.

3 Research Methodology — Case study

The study is made in a context of research prajatted PURESAFE — “Preventing
hUman intervention for increased SAfety in inFrastures Emitting ionizing radia-
tion”. PURESAFE is an Initial Training Network (ITNor the training of young
researchers, funded under the European Commissgeventh Framework Pro-
gramme Marie Curie Actions. The program aims ateadevelopment of Research-
ers on Systems Engineering (SE) for radiation jptate and lifecycle management of
facilities generating ionizing radiation. In the RBSAFE CERN is serving as case
study for project based learning. The long-ternalga PURESAFE is to protect
humans from radiation and to increase machine @xpetal time with reduced life-
cycle expenses [15].



For the basis of the data collection for this papesearch was done in the frame-
work of the CERN A&T (Accelerators and Technologgctor Maintenance Man-
agement Project (MMP). The data for this paper w@kected in late 2011 and in
early 2012. The MMP will continue forward aftergtpaper is finished.

The most commonly used case study sources accaalii2j] are documentation,
archival records, interviews, direct observatigpasticipant-observations and physi-
cal artifacts. It is highly complementary for aogocase study to use as many sources
as possible [21]. For this paper the chosen sousegs observations, informal dis-
cussions and by going through the documentation varitien material of MMP -
Project at CERN.

In this paper there are two different approachesése study: quantity and quali-
ty. For assuring the quantity approach, wide bahdlazuments in the mentioned
project were reviewed. As for the quality, in depliecussions were held, but fewer
amount. The informal discussions were chosen owarenformal interviews for the
flexibility and for the non-intimidating and nomte-consuming character. For the
informal discussion there was no need to set uptithe in advance, and because
there was no formal interview template the intemée didn't know what the inter-
viewer wanted and this didn’t influent the answassreflections. Interactions took
place with multiple members of the CERN MMP -Projeam.

Observations were made during the meetings, duingur at the premises and
during a short stay at CERN. The documentatioresged were concerned the MMP
-Project at CERN. The weakness of the documeneveis the selectivity of the doc-
umentation as they were related to maintenancesssu

4 Development Process

This paper addresses the application domain ofpeggiit in research environment at
the context of CERN accelerator complex, which abgaristics have been discussed
in chapter 2.1. The facility is large, which creat®mplexity and is harder to handle.
But the deeper in the breakdown structure, more [koducts are found. Some
equipment is specifically designed and some ar¢heffshelf, hence the origin of the
products varies.

For defining a suitable lifecycle we took the feliog steps. Firstly we identified
the phases that were repeatedly used not onlyeimldicuments, material and presen-
tations reviewed, but also in the discussions héld.took these phases as a starting
point for the development. The lifecycle was in tnmases presented as in fig. 2. Next
we determined the level on which we wanted to pedcand lastly we modified the
lifecycle model to our findings.

Studies Project Operation Dismantling

Fig. 2. Original Lifecycle Phases.



It was recognized, that even thought studies isfitse phase that is similar to a
process; there are activities to be carried ouh éefore. Consequently, it was desira-
ble to define a phase before the studies. Sinceatiget for the lifecycle model was
research facility and its equipment the reason tehgreate the equipment is to study
and do research on scientific problems (see chdfigr Conclusively, ‘Scientific
Problem’ is suggested to be added in the beginafnidpe lifecycle. No other addi-
tions were thought to be needed at this level.

As the phases are quite general, research wasathoseme of the activities, which
the phases encompass. Activities describe whatsneelge done (the needed outputs,
and also inputs) in the phase. According to [1Bpedcesses and activities in product
lifecycle are varied. In [16] it is said, that adfiies vary from industry to industry.
They also point out that there are some differeimtéise activities and priorities with
hardware and software products [9]. Activities gresented with many lifecycle
models in the literature e.g. [8], [10], [12-14]16f17], although they are called with
different names.

In the activities there weren't such a unity tofbend in the case study as with the
phases. Through the discussions and documentadltmwing eight activities were
recognized to recur: conceptual design, designineegng, procurement, construc-
tion, manufacturing, installation and commissionihpticeable is, that these activi-
ties belong to study and project phases, but neithtne latter operation and disman-
tling phases nor the newly proposed ‘Scientifickeem’ phase. One possible expla-
nation to this is that there is a lot of researohedfor industrial projects for example
[2] and product development projects for examp(.[2

For the latter phases: operation and dismantlintiyiies were not as easy to de-
termine. In MMP -Project (see chapter 3) one ofgbals is to harmonize the mainte-
nance activities in the accelerator complex. Begahg project will continue after
this paper is finished, the maintenance activiies not described here. But for all
that, it is desirable to emphasize, that the op®gas not possible without some main-
taining efforts such as support, maintenance amggaaling (upgrades also mentioned
in [12]). Hence, we propose change of the phaseertarfOperate and Maintain’.

For dismantling a full accelerator, there is onheaecord in the history: the dis-
mantling of LEP (Large Electron Positron Collidémat ran from 1989-2000 [6]. Due
to tight regulations at facilities generating iang radiation for the impact on the
environment, recycling point of view wanted to laeled in the end of the life. Hence
the name proposal ‘Dispose and Recycle'.

According to [12] in the evolutionary charactegstof the development process of
engineering a new system the predecessor systeesisiand will impact the devel-
opment. Two views to the issue are considered &j; [firstly the product lifecycle
and secondly product evolution chain, where thdutiam chain takes also the origin
of the product into consideration. In case studyetolution and integration of differ-
ent experiments are also factors that have tokentanto account. Each change needs
to go through the same activities (e.g. design @nstruction) as developing a new
system. The evolution with modifications to the stixig equipment is a reason for
presenting the lifecycle as a circle (Fig. 3). Nelgas or Scientific Problems add
something new (for example a new detector) to thistiag system and adequately



decommissioning experiments leave equipment anafi@structure behind, that can
be, and if possible, should be used for other mepoFor example the 27 km ring of
Large Electron Positron Collider (LEP) that Largadron Collider (LHC) inherited.

Research
Facility

Fig. 3. New Lifecycle Phases

5 Results, Analysis and Discussion

A problem encountered, when comparing lifecyclegeisain literature: different ter-
minology is used in different models to describe #ame lifecycle phase. Another
problem was to be able to separate the phases tfreractivities. For example the
lifecycle model of [13], with phases: life begingof-life (BOL), middle-of-life
(MOL) and end-of-life (EOL) is described in moretaiked in the activities. The BOL
phase includes design and production activities,MIOL phase includes usage, ser-
vice and maintenance activities and the EOL phaskides various scenarios for
reuse activities and finally disposal activity. J[13

To avoid the possible confusion and interoperabpitoblems with the terminolo-
gy, only the proposed phases are shown in fig. deotical lanes. On horizontal lanes
models adapted from Systems Engineering (SE), fooduct Lifecycle Management
(PLM) and from product development, are separaidsb colors are used in fig. 4 to
separate lifecycle phases (gray) from what we demsactivities (white). Some sim-
plifications had to be done with the coloring: oolye color per step is used.

There is some diversity found in the lifecycle misderesented in fig. 4; for in-
stance at the beginning and at the phase that n&d®y a project. We conclude that
together with the activities, the lifecycle phasedig. 3 are well aligned with the
other models. Only two significant differences danfound. Firstly in [1] and in [8]
models the sales point-of view is raised. And sdboim [20] the production ramp-up



is brought-up. However, in case study neither isdeel, as the equipment as a whole

is unique and it is not the purpose to produce gdodsale.

Comparison of Lifecycle Phases

Scientific.
problem

Studies

Project

Operate and Maintain

DAU, 2001
Revised
DoD 5000
o]

15015288:2008
1

Kossiakoff
and Sweet, 2003
2

Systems Engineering (SE)

NASA, 2007
14

Stevens etal
1998

(16

Conosptualization
of aneed for the
sysem

Conceptana

!
g

Development

System
Development
and
Demonsiraton

Realzaton

Utization

Needs.
Analysis.

Concept
Defntion

Comion

|

Advanced

Engneering
Development || Design

Integration &
Evaluaton

Wm]

PreFn:
Concept
‘Stud

A | | concontand
Technology
Development

Fhase B
Phase C:

Proliminary

Teagn ot Final Desgn

Tecnology

Completion

Fabrication

Soemmment

=
:

H

ents.

E

Roquranatl

Architectual
Design

Component
Development || Verffication

Integration & | Installation &

Validation

|

Operational
Copabilty

Abramovici,
2007
]

Stark, 2006

oovscontl

Saurng! || gobroset
ung! || manutacuring

"Manufacturer's
view'
15]

-
T
[qubmqrmmﬂ

System-Level Testing and
Design “De'“" Mﬂ"“ Refinement H

Fig. 4. Comparison of lifecycle phases.

Stark, 2006
“User's view

Product Lifecycle Management (PLM)

Kirtsis et. al.
2003

13

Cooper, 1990
‘Stage-Gate' Idea
18]

Utrich and
Eppinger, 2003
(19

S
AMHMW]

Concept
Development

Production

Planning Romp-Up

Product Development

6  Conclusions

In this paper, we start by describing contextsifeticles in Product Lifecycle Man-
agement (PLM), Systems Engineering (SE) and prodagtelopment. We also pro-
vided the overview of the case study object in CERNe needs and problems that
have occurred in CERN in the past, sooner or faight come to other industries. For
example Global collaboration tool WWW (the World d&fi Web) was conceived in
CERN for sharing information between scientist wagkall over the world. Hence, it
was significant to keep the model adaptable foerémvironments.

Lifecycle model organizes the phases during theeds a continuous process. The
research carried out in this paper found out treseh for the lifecycle of case study
environment and as a solution, a lifecycle modedrizposed (Fig. 3). The proposed
model provides simplified, but suitable view on fhcesses during the life of the
cases study. The proposed lifecycle not only etii@gyadvantage of low complexity
and ease of implementation, but also is generafizedther research facility than just
the case study. The paper found out only some efattiivities in lifecycle phases.
Therefore additional research is needed on theitkes.
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