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Abstract

This thesis presents the first ever framework fowplementing Product Lifecycle Management (PLM)
within high value Engineering to Order (ETO) programritegescribes the PLM relatedchallengesn
large-scale, complex, lonlife, no prototype, highly customised, owdf or few of kindETOproducts
comparal to other product typesuch as Make to Stock (MTS), Make to Order (MTO) or Assemble to
Order (ATO)It highlights that the scale, complexjtuncertainty, londifecycle maturity management

and an inabilityto prototype ETO products results in signifitahallenges necessitating a tailored
approach to PLM Implementation

Theframework has been developed using a qualitative methodology based otihdineatic analysis of
27 semistructured interviews, and pilot interview. The participants were senior pgynnel from 11 ETO
organisations in the UK, France, Australia, USA and Canada.

Each of the themes in the framewoikdescribed in information, process, people and technology sub
sections within the main section of objectives, challengesarablers. Théhemesweredevelopedusing

a qualitative methodology whicanabled the grouping of interview responses allowing the related key
points from the interviews to be described. To provide an audit trail to support the truthfulness of the
findings, each key poi was referenced to theranscribed responsesrhe results of this preparation
supported the development of the findings as each theme and related key points could be easily identified
and described.

Thevalidation andevaluation used a questionnaire sk selected participants from ETO products for
their opinion on statements related to the frameworkhere were 19 evaluatioparticipantswho were
selected from7 ETOorganisationsThe responses to the questionnaire statements and the comments
supportedthe objectives of the questionnaire for quality, structure and versatility with the maj@8¢9

of the responses either agreeing or strongly agreeing with the statements.
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1 Introduction

Organisations collaborate oNew Product Development (NPD) to leverage the benefits of expertise
FONRP&aa RAFFSNBY(H 3IS23aANILIKAOFE t20F0A2ya FTNRY @I NA
order to reduce costs and increa quality[1]. These extended enterprisg®] WY @ 06S NB Il NRSR
collection of independent, heterogeneous companies working closely together in order to grasuc
AYGSaANF SR LINRPRdzOG 2NJ aSNBAOS Ay ¢K2aS [BDZhEYSNDA I
approach is applicable to largeale, complex long degn and build lifecycle engineering products where

there are a wide range of stakeholders contributing to the programme over multiple geographical
locations. The management of the product information across the various locations and throughout its
lifecyde is required to enable the successful development of the product.

Stakeholders in an extended enterprise require immediate and accurate access to the product
information. These stakeholders can be described as those who contribute to wealth creati@meand

potential beneficiaries and risk bearef4]. If implemented successfully the rewards of the extended
enterprise can be significant with even the very survival of the organisatiomgedyn establishing and

improving the relationships with the stakeholdefd]. These stakeholders utilise the information
management environment as a way of collaborating and exchang®dNaF I G A 2y (2 & dzLJLJ2 NI
lifecycle. The automotive company Chrysler estimate:tHh000,000 people and 100,000 organisations

are involved in their extended enterpri@ahilst Rolls Royce estimate that 70% of the value of one of

their engines i ONB I § SR 2 dzi A ARS GKS O2YLI yeQ

The increasing level of collaboration across rmite extended enterprises requires greater management

of product informaton, which is supported by the concept of Product Lifecycle Management (PLM). PLM

assist organisations with the increasing competitiveness in the marketplace across all industries which
results in a constant need to increase innovation, product time taketauality, business measurement,

protecting Intellectual Property Rights (IPR) and audiffiig Nolan stated that¥'t [ a & dzLJLJ2 NI &
organisational objectives through the management of business processes and associated information,
020K KdzYly FyR a2Fi¢l NB 3S¥S NIAHSER GNP delcritie KS Sy i
that to deliver these benefits requires PLM processes and technology such as Product Data Management
(PDM), Computer Aided Manufacturing (CAM) and QaerpAided Design (CAD).

/' La5FkiF RSAONAOSR (KS S@g2ftdziaz2y 2F t5a Ay GKS I
to manage todays producf$]. CIMDataRSFAY SR t[a & W a4N)Y 0S3aAO 06dz.
consistent set of business solutions in support of the collaborative creatianagement, dissemination,

and use of product definition information across the extended enterprise from concept to end qf life
AYGSANFY GAYy3a LIS2LX Sz LINPOSaasSasz odzaAySaa aeadsSvasz
first used to manage @Afiles in home grown systemsmarilyfor engineering but evolved t8LM which

included multiple business functiont increase quality, reace cost, increase return on investment,

improve innovation, increase quality and improve collaboratidhe timeevolution of PLM idlustrated

in Figurel.

14



PLM with
Industry 4.0

Product Lifecycle
Management

Business value

Product Data Management

CAD Data Management

19806s19906s 2000 2015+
Figurel The evolution of PLM

Design collaboration has matured rapidly since the advent of web technologies; so much so that these
collaboraion tools have functionality surpassing those of the traditional non dwabed PDM systems.
Emerson stated K lth@ ad¥ent and widespread adoption of the Internet and wWesed tools has had a
tremendous impact on development and utilisation of PDM agldted systems, and promises an even
ANBI G§SNI AYLI Crheseitgthnaoldgi€s a® dadtazhgRablevel where design is shared and
managed by facilitating redgime collaboration with various stakeholders across a networkedtresd
environment[7].

The technologies bring benefits but they also introduce new challenges to the organisation including
balancing creativity with the rules implemented in the system and the difficulties with managing the
configuration of the information across multiple geaghical locations. Configuration Management (CM)
Aa WL YFYylF3SYSyd RAAOALE AYyS dzaSR (2 OF LXidzZNB | ¥YR
extended enterprise but is challenging for people, process and technibg¥hese technologies have
enabled organisations that produce largeale engineering products to become integrators of systems
developedin an extended enterprise by the various stakeholders across multiple geographical locations

(11, [9].

PLM is used to support the product development process across various product types. AsBemble
Order (ATO) products such as aircraft require PLM to support NPD across an extended enterprise. Boeing
have NPD partners in many different geographical locations, including the US, Canada, Japan, UK and
France[7]. Airbus also have a large extended enterprise with wings and landing gear designed in the UK,
the fuselage design split between Germany and France, ahdit designed in Spain and the engines
designed in either Britain or Ameri¢a0]. The A380 for example has 4 million partp@ied from 30
countries[11].

PLM § also used to support an extended enterprisé&imgineer To OrdgiETO) products. These large

scale, complex, few or one off, long design and build lifecycle engineering products include the Type 45
Destroyer and the Queen Elizabeth Class (QEC) AirenafeiGvhich are the new generation of naval

ships which have recently entered service for the UK Royal Navy. These ETO products have design and
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build undertaken across many locations both within the UK and through a global supply[tHain

Another example of an ETO product designed across an extendegbase which requires support from

PLM is the Type 26 Global Combat Ship (GCS). The Type 26 will progressively replace the Type 23 for the
UK Royal Navy providing astibmarine and general purpose capability. The ships are being designed and

built by BA Systems across a number of locations including Glasgow, Portsmouth and Bristol. The
programme began its system design, or assessment phase, in 2010 with the @ightafhips entering
ASNIBAOS YAR HAunQad ¢KS ¢2&L)S meant aPd drodustlwhich kdRIS y G A F A
secure export opportunities for UK indus{3].

The GCS has proven successful in the export market with both the Australian and Canadian governments
choosing the product as its prefed design for their own naval requirements, resulting in mlbiltion

pound orderq14]. Due to the success of the GCS, the BAE Systems PLM implementation will be required
to support the maagement of multiple variants of the design across a wider extended enterprise,
including Type 26 for the UK, Hunter Class Frigate (HCF) for Australia and the Canadian Surface Combatant
(CSC).

Further examples of ETO products include The Large Hadrote€dlIHC) and the Crossrail project. The

LHC is provided by CERN, the European organisation for nuclear research. CERN has 21 member states, 6
observer states and more than 80 collaborating countries. The LHC is a huge installation in the border
between Swtzerland and France which operates particle accelerators in a 27km circular tunnel 100m
below ground. It involves millions of higsch components with a lifecycle measured in decades, and has

80 countries from across the world involved in its de$idi).

The Crossrail project is a £1pBject to upgrade existing railway networks in London. It involves huge
volumes of data which are required to be managed and expects to generate 1 million drawing and model
records[11]. These products have close links with their main suppliers, who are regarded as major
stakeholders and wi closely with the design and build teams.

There have been many contributions to PLM research to determine and describe the benefits, challenges
and implementation guidance across multiple industrial contexts and product type&xistingesearch

doesnot provide guidance for implementing PLM on ETO products. ETO products have specific challenges
with PLM implementation compared to other product types such as ATO.

ETO product delivery is complex with many differing elements interacting across thappieg lifecycle
phases, such as concurrent designs of different but integrated systems. This complexity is compounded
by levels of uncertainty where design changes have an impact across the programme which are difficult
to predict and manage.

The procuement process is also challenging daeesach major programme having to be retendered to
provide evidence of value for money, resulting in difficulties with maintaining supplier relationships and
accessing their information. Also in many cases there aig llkadtimes for delivery of equipment which

is required to be integrated into the product. This delivery may not take place for many years after the
contract is placed and the design completed. Some of these equipment items are customised in order to
meet the specific requirement of the customer with the information gradually delivered by the supplier.

ETO products are customised to meet the needs of a specific customer. Therefore the design elements
such as equipment and system contained within the pridcan be a mixture of high volume standard
COTS products and those customised by a supplier. These suppliers provide product information
throughout the lifecycle of the ETO programme whishused to design the integrated systems.
Customisation resultsiia high degree of risk due to their low volume and lack of standardisation which
may result in design changes that will impact the product in terms of schedule and cost.

ETO products have a maturing design over many years, throughout this lifecyclevithéxe changes to
the configured design which are required to be managed. iSHisther compounded by manufacturing
beginning before the design is fully mature, resultingrioductchange affecting not just the design but
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also potentially causing maradturing rework. The relationship between the BoM, change, configuration
and maturity management is an important factor in ETO products

In other product types manufacturing would not begin until the product is mature. Physical prototypes
would be used todst the design and manufacture and product changes would be incorporated before
full scale manufacturing begins. A full physical prototype for ETO products would be prohibitively cost
and timeconsuming due to its scale.

There are also project managentarhallenges which are required to be addressed due to the consistent
cost and schedule overruns in ETO products which can reach £billiomsagoroducts delivered years
late.

1.1 Guidance for PLM implementation on ETO products

The Cambridge dictionary ddé#h 6 SR I FNI YS62N)] & Wk aeadsSy 27 |
LIX Iy 2NJ RS ORAR B franBworR dak provideCyuidance to organisations on what is required

to successfully implement PLM on ETO products. Seciamsl 3 will show that a framework for PLM
implementation is necessary to support the successful NPD for ETO products and that a framework that
achieves this does not currently exist within published research. Without a framework, it is posited that
ETONPD organisations cannot not fully understand their PLM objectives, the challenges they will face,
the improvements that are necessary, and how they can be enabled to ensure the successful
implementation of PLM.

Donoghue et atonducted a literature reeiw on existing PLM frameworks asidtedii K G Wt [ a A YA
range from Information System (IS) change to strategic business transformation, and capabilities to
AYLX SYSy( t[ a &dzO[0eRra & Kdxfet & SIYNIS 2dA0@f SIHND G K 0 Wi K
to identify the most relevant model theacan be adapted to the contextf the business. These models

offer a starting point to create a systematic approach anderstand the PLM transformation (Current

state vs. Tebe stated They concludeddl K G Wi KS NB a dz -driven BLK Zransfainiation & G N
impacting a company on many levels, and PLM focusing-0nviéh process harmonisation fails due to

limited knowledge of the business models, products ané NJJ AHerefar€to ensure that a PLM
implementation on ETO products is successful requires an understanding of its unique challenges, i.e. the
context of the businessThere is a gap in knowledge with tieplementation of PLM on ETO products

which means that the available guidance will not result in PLM which successfully addresses the objectives

of an organisation for NPD in an extended enterpri§e. address this gap a PLM implementation
framework is rguired for ETO products which overcomes the challenges compared to other product
types. It will identify the key objectives for the implementation of PLM on ETO products, the challenges

and the enablers to overcome the challenges and meet the objeciivestramework will structure these
objectives, challenges and enablers by those which relate to information, process, people and technology.

This PhD research was initiated in January 2011 to investigate and apply improvements relating to PLM
directly ontoType 26 to assist with the successful delivery of the programme and with the securing of
export orders. The research has directly influenced the PLM implementation on Type 26 and the
programme enabled a case study to be developed which is used to prawigelustrial PLM context to

the research This enables an improved understanding of the framework against-difesapplication of

a PLM implementation.

This thesis will describe the core concepts of PLM as published in the literature. Differenttptygues

will be described and the challenges relating to PLM across these products with be discussed. This will
demonstrate that ETO products have unique challenges which require a specific approach to PLM
implementation that is not available in the pidied literature. Through a qualitative research approach

a framework is developed by conducting and analysing 28 -seogtured interviewswith senior
stakeholdersfrom global organisations involved BTONPDwho have an interest in the successful
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implementation of PLM.The framework was then evaluatednd validated using responsesot
guestionnaires distributed t@enior stakeholders from global organisations involved in ETO NPD who
have an interest in the successful implementation of PLMese findingare then discussed and related

to the Type 26 case study.

1.2 Scope

The scope of the research presented in this thésisisseson Engineer to Order (ETO) products which
can be described as those which include all of the following characteristics:

High capithvalue- typically with NPD costs greater than £1B

Largescale- with thousands of stakeholders generating and consuming millions of product
information items

Complex with NPD development behaviours that are difficult to manage and understand

Long esign and build lifecycleexceeding 10 yeays

Long inservice life- which can be greater than 30 years

No physicalprototype ¢ the costs of creating a prototype are so great that the processes and
design cannot be tested prior to the initiation of mdaaturing

9 Highly customisedcustomised to a single or small group of customarsgd,

1 Few or one off the costs and scale are so great only a few are produced

= =

= =4 =4 =4

ETO products have significant challenges and this research will focus solely on thoseevietited to
Product Lifecycle Management (PLNIe boundary of the research is limited to the implementation of
PLM on ETO products.

1.2.1 Research question

Donoghue et al. conducted a literature review of existing PLM frameworks which can b ssgabort

a PLM implementatiofiL5]. Those frameworks reviewed included those by Saaksvuori and Imnfibren

Schuh[18], Batenburg et al[19], Stark[20], and Karkkainef21]. Donoghue et alconcludedthat these

frameworks whilevaluableprovide only a starting point on a PLM transformation initiativés difficult

F2NJ I aAy3aftS FNIYSE2N)] (2 LINRPGARS I Q2yS airil S FAl
framework has its strengths and weaknesses and can contribute to a successful PLM implementation but

they lack detailed guidance to gport the specific business need for PLM implementation in ETO
products. This supports the need for a PLM framework for a specific business context, for example a
framework which addresses the challenges in ETO prodihbespublishedresearch from Donogleuet

al. and the literature they used to form theionclusionsre reviewedand critiqued in Sectio8.

The literatureon ETO NPD programmestated that there arechallenges related to PLM implementation
which are not common to other product types. These challenges result in current PLM implementation
approaches not providing the necessary structure to enable a successful realisation of ETO NPD
objectives. Therefore the research questionisw can an ETO progmme implement PLM to medis
objectives due to the challenges relating to its unique nature?

Theresearch question can be decomposed into more specific questions, these are:

1 Whatis the nature of PLM in relation to ETO products compared to other proghes?

1 What are thespecificchallengeof ETO products whialecessitatea different approach to PLM
implementation?

1 What are the objectives of PLM implementation on ETO products?

1 What are the challenges with PLM implementation on ETO products?

1 What arethe enablers to overcome thehallengef PLM implementation on ET@oductsin
order to meet the objectives?
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1.2.2 Research aim

PLM implementation is based on the specific context of the product type. A Mimplementation
strategy exists to overcome the allenges faced by ETO products one must be developed. Therefore to
answer the research questip@ framework is required to provide the necessary structure for PLM
implementation on ET@roducts. Theesearch aim isa provide a framework to ensure that @etives

are met in relation to PLM implementation on ETO products considering the challenges faced due to its
unique nature.

1.2.3 Research Objectives
To achieve the research aim, the following objectmese defined

O1.Capture organisational requirements fosaccessful PLM implementatievhich can be used
to develop a target PLM environment for ETO products

02.Capture a PLM environment which meets tleguirementsof the ETO case study. This will
be used to relate the findings to a target environment which eamtribute to the
understandingpf the PLM framework.

03.Conduct semstructured interviews to:

03aConfirm, and adapt where necessary, the identified challenges in relation to PLM
implementation on ETO products.

03bContribute to the identification of the key bimgess objectives on ETO products which
a PLM implementation will support.

03cCapture key challenges with the successful PLM implementation on ETO products.

03dCapture and describe enablers which can be implemented to ensure PLM meets
business objectives on @Tproducts.

O4. Createa Framework which can be used to successfully implement PLM for ETO products

O5.Validate the findings used to develop tframeworkand assess the value relation to how
it supports the implementatiof PLM on ETO products

0O6.Relate thekey findings to the PLM target environment in the case study to support the
discussion of the findings used to develop the framework with an actual ETO case study.

1.2.4 Significant contribution to knowledge

A framework to support the implementation of Producifecycle Management (PLM) on Engineer to
Order (ETO) products

1.2.5 Out of scope

This research is focused on the development of a framework for the implementation of PLM on ETO
products which is the gap in knowledge. It does not include the readiness, oritpatiiranorganisation
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for implementingPLM or assessing the success of PLM post implementation. It also dopsoviole
guidance on PLM software selection.

1.2.6 Thesis structure
The structure of this thesis is as follows:

1 Section2 describes the research problem and relates it to the scope of the research in the context
of the aims and objectives described in the introduction.

9 Section3 presents a review of the literature relating to the characéds and the aims and

objectives

Sectiord describes the research methodolpgsed to conduct the research.

Section5 describes the requirements relating to the implementation bfMPto meet

organisational objectives on ETO products; this meets objeCtivédt also provides a target

environment for an ETO PLM environment which will be used to discuss the findings; this meets

objectiveO2

Section6 describes the research procedures used to capture the research findings.

Section7 describes the findings from the analysis of the interviewhsch are used to develop the

framework; this meets objective®@3and O4.

9 Section8 evaluatesand presents the framework developed from the findingsSetction7; this
meets objectiveD4.

9 Section9 discusseshe findings and relates them to literature and the case study of the target
PLM environment discussed $®ctions; this meetsobjective O6.

1 Sectionl0describes the main results of the research which concludes the thesis.

= =4

=a =

The thesis structure ilustratedin Figure2 below.
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2 PLM challenges in relation to ETO products

The research aim i tprovide a framework to ensure that organisational objectives are met in relation
to PLM implementation on ETO products considgrihe challenges faced due to its unigoature.
Addressingthis aim requires the development of an appropriate framework $opport the PLM
implementation.The framework will provide guidance to organisations on what is required to successfully
implementPLM on ETO products. This is currently not availablET@ products.

BAE Systems Naval Ships has experienced significant challenges with PLM implementasenevakr
decades and major programmes. These include the Type 45 destroyer and Queen EMWdedrath
Carrier. A key businesdjectivefor the next major programme, the Type 26 Global Combat Ship, was to
ensure that PLM was implementedassist with the management tfe programme and future business
objectives. These objectives included demoaiing to potential future export customers that BAE
Systems recognised the importance of PLM and thabuld be applied successfully to products secured
in the export market. The research described in this thesis supfi@seobjectivesby applying @ademic
rigour and industrial application to the field of PLM in ETO products. This will enable the research findings
to be applied directly onto Type 26 to realise business improvemand also create a significant
contribution to knowledge whickouldbe appliedacrossother ETO products. To support this objective

a literature review must first be undertaken to establish the nature of the problem and to ensure that no
solutionsin the form of frameworksalreadyexists Thissectiondescribes PLM and itsenefits using
publishedliterature. Due to the lack of material specificatiglating to PLM on ETO products, the literature
review wasconductedto describe different product types and to use this material to formulate the
specific challengelatingto PLM implementation on ETO products.

2.1 PLM Overview

Saaksvuori and Immonettescribel a keybenefit of PLMis that up-to date, relevant and configured
information can be accessed eagily]. This enables tasks such as design or planning to be improved and
timescales reduced as the approved information can be presented and reused in a more efficient way.
PLM supports the extended enterprise by ensuring not only that information is blesitaall those who
require, it but alsoat the same timecontrolsaccess to only those who have authority to view or update
this information Ths is of particular conern in defence programmes where secar information
management is criticgR2]. With large-scale, complex, lonlife products such asavalships,aircraft or
submarinesthe design andbuild takes place across multiple locations with multiple stakeholders and will
include highly sensitive information in this extended enterprise. This introduces administrative overheads
as information access must be carefully analysed, configured, ingpoitad and managed to ensure the
organisation is compliant with its security and regulatory obligatidrieese obligations include strict
export control guidelinesuch asthe International Traffic in Arms Regulations (ITAR) and Export
Administration Regut#gons (EAR)hichcompanieoperatingin the defence sector must adhere to. Those
companies who fail auditsr are found tchave breached these regulations canisgued wittheavy fines

or lose their licence to trade in the defence secf®B]. Managing these export obligations is a critical
business objectivavith PLM being a key enabler for managing sensitive export informg2idjn

There is also the requirement to manage the Intellectual Property Rights (IPR) of the information
contained within the extended enterprise. The increasing levels of collaborasory product data

results in sensitive commerciaformation being managed and shared across mulfijalegners, who may

be competitors outwith the specific projecf25]. Thiscan ber y I 3SR G KNRdzAK (KS Sy
system thus reducing the threat d®R falling into the wrong hangtag].
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It isimportant that PLMdoes not simply ensurthat information is available to those who requiteand

have the necessy rights but that the information is configured, duplications are reduced #reldata

is upto date to ensure that the context and applicability of the design is clear. This must be supported by
robust authorisation and approvarocedureswhich are goerned by integrated workflows and change
management processes in order to maintain the configured product definifidreseapproval and
authorisation procedures are undertaken by the appropriate technical authorities such as systems
owners, chief enginaeor the customer depending on thievel of authorisation required. For example a
key system design on an ETO product, such as fire prevention, may require cudfonngry of Defence)
authorisation. Howeverthe design ofa low risk system, e.g. freshater, may only require local system
owner approvalThe authorisation hierarchy becomes stricter when the configured design is required to
be altered through the change management process. Typically this would require authorisation from a
chief engineer odelegate as changes late in the design lifecycle may have significant consequences.

These processes are requireddnsure that a particular configuration of a product is designed to meet
specific customer requirementés a consequencgghe configuratiors of largescale, complex, lonlife
products such asavalships oraircraftare judiciouslymanaged and each individual element is identified
with unique numbering5].

The information management in the context of PLM is not only to aid the delivery of a configuration
chosen by a customer batsoto ensure the design, build an-servicesupport of the product is robust.
PLM ensures thaR dzZNA y 3 G KS LINGR Rfdzdatichas prbgerly Std@&uteth Support of the
active life phaseand that any design changes are highlighted andcéiffely communicated. This aids
improved decision making, decreasapproval time,decreass rework and ultimatelyimproves quality

as relevant information is presented to those who need it whéniequired17]. Without effective PLM
guality issues will emerge throughout the lifecycle of a product which will ultimately result in rework in
the design and manufacturing environmenf{g7].

Hfective PLMrequires robust configuration managemeptocesses and technology across the entire
project, including the supply chaifihere is a higkiolume of change which affects largeale, complex,
products, resulting in a critical need to capture, understand, communicate and action change concurrently
with the design, manufacture and support phaggs A full audit history of when changes are introduced,
and by whom, are critical to understanding why these decisions were made. This not only contributes to
the organisatio® knowledge but is also necessary for managing the maturity of therdasdyto support
business measurement for targeting areas for improvement.

These descriptions and benefits can bhengned up as PLM being a prodwgntric business model which

is supported by Information Managemeand Technology (IMT) across the entirét 2 ¥ | LINE2 R o
lifecycle, involving people, information, processes and organisations in order to achieve a product
performance or service goft8]. Brunsmann and Wilkes describe the main goal of PLM is to support the
integration of people, information, process and systems to provide an information backbone to the
business[29]. Therefor& IT Wpplications that support PLM have assumed critical importance as
companies focus on enhancing thdieiency and effectiveness of theffiy 2 @ G A2y | ONR&aa (°F
[10]. This isessentialfor major defence products given ehlimited budgets buincreasing demand for
advanced capabilit{8Q].

2.2 The PLM system of systems

PLM system is a series of intentected applications, or systewf systems, which perform various
functions throughout the lifecycle of the product across the extended enterpf®. These
interconnected systems have their own integration challenges resulting in numerous examptasstry
where theCommercialoff-The-Shelf (COTBproducts areoften highlycustomised by the organisation to
meet their capability needS hissystem of systems can be integrated for dettegration and exchange,
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and for reporting purposes through backbone such as a data warehouse where the information is
structured and represented based on the source PLM sysf2mg-igure3 illustratesthe PLM system of
systems in the context of the overall scope of PLkkse PLM toolsets were designed to support specific
product objective and typically evolved to improve their functionality to meet these objectives. This has
resulted in disparate technologighat were not specifically developed to biategratedin the manner

that directly satisfies the organisations objectivEgjure3 highlights the fragmented nature of the PLM

G22ftasSia 20SN) 6KS O2dzNBES 2F I LINRPRdzOGQa fATFTSOe Of
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Figure3 PLMsystemof systems; adapted from[31]

An important requirement of the PLM systemt capture information and to provide traceability
throughout the lifecycle of the produdB2] including providing version and audit management of the
product information[33]. This information should beeaningfuland not just a data dump to ensure that

it can be used effectively and support the transformation into knowld@gg Capturing this information
across the lifeycle of the product in the PLM systemill support design reuse through managing the
configuration of the design and its intef29]. This reuse is supported through the relationships with
supporting documentation and workflows, ensuring that when engineers change roles, retire or leave the
organisation, the legacy of their workmains within the organisation to be utilised the future [29].

These structures are necessary not only to ensure the configuration is maintained throughout the lifecycle
of the product, but also to ensurghat the design is reusable as is it will provide relevance and ease of
access for future interrogatiof84].

To develop complex products requires a collaboration effort across multiple geographic locations with
personnel from multiple disciplineand with a variety ofkills[29]. PLMsystem integration removes the
traditional problems of silos of information which has impadiee interchanging, integration and sharing

24



of product information and will enhance collaboration across the extended enterf8Ee It will also
provide an efficient way of retrieving information for business intelligence such as dashboards or reports

[27].

The information captured in PLM systems across the extended enterprise must be able to be retrieved
and understood, resulting in a need to ensuhn@t capturing, searching and displaying the information is
robust and efficient to support the knowledge generation actiy29]. The technology must support
organisational knowledge management and learning through the integration of project, process and
product knowledgd36]. Organisations are required to support their products through its entire lifecycle
which in the case of largecale, complex, lonbife products can be in excess of 30 yda§.

The core of the PLM system is typically the Product Breakdown Structure[88B#hich supports the
management and control of the product through object relationsiif] and its associated metadata.

The PBS is used to define, capture, manage and configure the Bill of Materials (BoM) and its relationship
to supporting information18]. The BoMreflectsthe way complex products manage and evolve their
product informationthroughout their liveq38]. The BoM typically consisbf objects such aparts and
occurrences but has a close relationship to the supporting information sudbcasnents,drawings, 3D

models andchange object$18]. Figure4 shows an example of these object relationships for Shipbuilding
where an occurrence of a radar monitor equipment part is related to a radar system in tleensgssign

PBS. This enables a representation of the design from the system schematic to be managed in the PDM
system. Theadaroccurrence is also placed in a specific compartment in the physical PBS which is used
to create a 3D representation in the CAael for theship. Theobject relationships provide further
benefits suctas

1 Writing and managing equipment data once but applying many times through occurrences

Assisting with traversing though the desjgn

1
1 Supporting the application gfermission constints for accessral updating
1 Enabling improved reportingand,

1

Applicationof configuration and change conttol
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|

The bill of materials (BoM)

Figure4 Product object relationships in shipbuilding

Different Product Breakdown Structures are necessary ®w#rious disciplines in complex products and
can be represented and integrated to support Erterprise BoM[38]. An Enterprise BoM i® support
multiple stakeholders who require different levels of inforrioat in the BoM at different phases in the
LINE RdzOG Qa fAFTSO0e0ftSd ¢KSasS AyOfdzRS (G(KSY
1 Engineering BoM to manage the design of the product and generate the engineering\Bloith
is the basis for all other BoMs

1 Manufacturing planning Boldto manage the planing for delivery, manufacture and installation
of the engineering BoM into the physical product;

1 Manufacturing BolM; to manage the build of the physical product; and,
1 Maintainable BoM; to provide the inservice support information for the product.

The HBterprise BoM supports the information need$ multiple stakeholders through thietegration of
multiple BoM structures, required to support thbusinessthroughout the lifecycle of the product as
shown Figure5 shows the BoM fobreakdown of an equipment part at various points in the lifecycle
phase including engineering, manufacturing planning andeivice support.The engineering BoM
reflects the product aslesigned by engineering. The manufacturing BoM represents the preduitts
required to be shipped, assembled or manufactured. The maintainable BoM represents the product as it
is required to be maintained.
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Engineering BoM Manufacturing Planning BoM Maintainable BoM

{E} Equipment Part {E} Equipment Part {i} Equipment Part

ﬁ Component {'E} Component
{E} Component
% Component
Component
ﬁ Component Component

Component
No further breakdown Breakdown required to Breakdown required to
required define how a part is define mai_ntainable
manufactured or assembly in order to
delivered by supply manage in -service support

chain. It will also include
how it will be installed

Figureb Example othe same equipment part broken down at different points in tliedycle

Theenterprise BoM should be consideredthe masterBoM across all the enterprigesystemg38] in
order to avoid any disparate sources which may contain out of date or inaccurate informEtrarious
needs of thestakeholderscross the lifecycle of the projesihould ideallype met by an Integrated Product
Development Environment (IPDBP] with the PLMtechnologyat its core[30]. The aim of an IPBis to
provide the information to supporthe product development processés an integrated environment

The management of the process and information objects is not only to support the activities in the
LINE RdzOG Q& € AFS0O@& Of Snfandaiion ¢an e 2eusédfor Btyré appeBunitie&Kdandifor i K S
legalandcontractual obligation$40]. The information generated and maintained within the PLM system
for largescale, complex, lonlife products is typically spread across gequnical locations and requires
integration across this extended enterprise to other systeischnologywhich require improved
integration include the BductDataManagement (PDMand EterpriseResourcePlanning (ERPystems

[41]. For example, improved integration will allow the Engineering BoM in the PDM system to be more
effectively transferredto the ERP system for procurement and manufacturing planning. Engineering
activities includeaspects of the design and manufactunenich cannot be undertaken by a single
organisationand are thereforeoutsourcel, resulting in collaboration with different orgesdations across

the extended enterprisg¢42]. Outsourcing in engineering construction projects is also common due to
fluctuationsin workload whid result in difficulties with maintaining a workforce. These collaborations
provide challenges in realising the expected benefits as costs can in@sasere organisationsare
involved in the collaboration, due to the resultant management overHdaH

Challenges include how information can be managed communicated throughout the distributed
design team$37]. This challenge is comgunded due to the difficay in exchanging product information
acrosdifferent organisations and their systendsie to technologicatonstraintsand behavioural issues
[44], [49], [46]. In order to achieve effective througife product managementhe relevant information
hasto be identified at key points throughout the prod@ztecycle It then has to be presented in a way
which is useful, configured, controlled and reusable throughout the lifecyEle The information
management technology musapture, integrate and evodvinformation througlout the entire lifecycle
of a product47].
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Largescale, complex, lonlife products haveextended their focus froma designmanufacture
perspective toincludethe produdi ®eéhaviour inservice and after sales suppofhisis driven bythe
Odzai2YSNRa ySSR (2 Ay ONG| TasproliudssefvideladadigmyneandBaR dzO S
information managementiechnologymust be robust enough to last the entitifecycle of the product

from concept through to gposalwhichcan often be irexcess of 30 yeafd8], [47]. Ensuring that this
information can beobustlystored, controlled and reused has been an aregestarch for industry and
academiafor decades [49], [50], [51] and has been identified as being a way to increase revenue and
satisfactionfor both the product provider and custom§s2].

Q(

PIM Systems are now seen as a mandatory element in reducing risk insleage complex, lonlife
products by supporting virtual simulation and predict{®3]. This is essential for defence products which
have to undertake rigorous inspection and auditing in not only the virtual and physical elements but also
with the supporting decision making informatidi30]. Therefore PLM systems have a significant
contributionto ensuring improved productiwit improved quality and reduced costs in products such as
naval shipbuilding andubmarines[54]. PLM also ensures that the design andldb information can be
efficiently transferred into an kservice support conteXta].

2.2.1 PLMimplementation

PLM implementation is extremely challenging and expensive with $29.9 billion being ingéstatyin
PLM in 2011 of which $19.1 billion (64%) of that was in the applications them$g)v&sespite these
investments few companies have realised thejpcted benefit{10]. Reasongor the varying degrees of
succesdncludeorganisatiors typicallyfocussingon individual aspestof PLM and faiigto take a holistic
approach. This may be due to the organisatimt understandng what PLM meangl8]. Ttere are also
gaps in literature relating to PLNIL8] highlighting a lack of detailed research into actual PLM
implementations[55]. The challenge of understanding which functionality should be adaptesdipport
the business processes, and which processes should be adapted to support the functioaslean
influence on PLM succesfl7]. Organisations have turned to system vendors or internal
analysts/programmes to solve their PLM problems. Thaften leads to significant degrees of
customisation of the PLM systeméhich, in turn, results in the orgaisation assuming more ownership of
these systems, impacting ayoing support and future upgradg81]. This mayhowever indicate
immaturity or quality issues with the PLM Systems themsglii@ls

When implementing PLMhe organisation should first understand its strategic objectives and core
processes and use #hio decide on the PLM approaehich shouldn turn influence the PLM system
implementation. This is not tnal as the alignment of business objectives, process and functionality is one

of the key challenges to PLM implementatifi6] and is an area that the PLM system vendors have

difficulty in resolvind18]. This may be due to a lack of understanding on the part of the PLM system
vendorsabouti KSA NJ Odza i 2 YSNR& ySSRAZI 6KAOK YI& Ay Gdz2NYy o
their own relationship between strategic objéats, process and technology requiremeniirther

research is requiredith respecttolil KS A YL SYSy Gl GA2y 2F (KS GSOKy2f 23
processes and the strategic vision, with problems arifiog tracking performance and quality \ss

the extended enterpris¢l]. Without this researchit is possible thathe organisationcould suffer the

samefate impacting othemajor enterprise IT investmentthat of a disconnect &ween the investment

in IT itself and lack of return in business value due to problems with aligning IT with other aspects of the
organisationabtrategy[10].

The confusion between the concept of PLM and the enabling technology is propagated by the software
vendors who position themselves as PLM solution providers. This causes difficulties for PLM
implementation as organisatiorere confused between PLM technology and the core concept of PLM
[18] which is the management of all integrated product inforiat and processes throughout the
product@ lifecyclg17]. This impacts the PLM implementation aganisations find it difficult to decide
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which functionality from the considerable capability available, can and should be used to benefit their
busines456).

2.3 Safety, Health and the Environment

PLM contributes to a robust safety case to ensure that the product has been through a rigorous design,
manufacture and support lifecycle with the necessary evidence to ptbaethe product is safe. It
supports the activities to meet regulations for Safety, Health and the Environment (SHE) by assisting in
capturing and formatting information as well as piging audit trails as to why particular decisions were
taken [27]. This is asignificant contributory factor in supporting the recommendations on safety case
development from the enquiries relating to product failJ&e].

The organisational improvements PLM supports are not only to improve bssetrmancebut will

reduce the environmental impact inflicted throughout the development of the pro@lfsjt This includes

the support PLM gives to working in an extended enterprise with a considerable reduction in the travel
needs, and therefore the CO2 footprint of the organisation. The quality improvements also sigryificantl
contribute to a reduction in waste in the organisation through an improved understanding and robustness
2F GKS adlrasS 2% GKS LINBPRdAzOG® ¢KS al @gAay3a G2 GAYS
lifecycle with enhanced access to robugysable information which in turn contributes to a healthier
working environment.

PLM also contributes to the management of hazardous material considerations and to ensure that
regulatory obligations to protect the environment are met. Regulations ircltite End of Life Vehicle

(ELV) which requires automotive manufacturers to recover 95% of materials at disposal; the Registration,
Evaluation, and Authorization of Chemicals (REACH) to manage the use of banned chemicals; and the
Restriction of use of ceatn Hazardous Substances (RoHS) such as Mercury and C&8jiuriM is an

enabler for green manufacturing as it supports the tracking of all material information relating to the
design,build and support to ensure SHE information is captured, managed and used to support a green
life when in service and dispog&aB], [59].

2.4 Characteristics of the problem of PLM implementation on ETO
products

PLM research has been undertaken across many contexts including,-alRaynd and oneof-a-
kind/few-of-a-kind products. Each of thesmntextshavetheir own challenges and can loategorised
and should beapproached differentlyn this basi§28]. However, the literature onPLM relating to ETO
products issparse

When identifying P4 implementation challenges it isnportant to distinguish between the various
product types. Each of these product types has their alifficulties but this regarchwill describethe
unique challengeaffectingETOproducts in comparison to others. Produgpes can be categorised as
Make to Stock (MTS), Make @rder (MTO), Assnble to Order (ATO) and EngineeiQaer (ETO).

The key difference between MTS akd O is how the order is managed on its receipt from the customer
[60]. With MTSthe order is ready to go upon receipt whereas with MTO there is some manufacturing
required before shipmenf60]. ATO allows a degree of customisation by the customer but only with
regard tothe assemby of pre-manufactured part$61]. With ETO the order is received before the design
stage and the customer typically has a laigfiuenceon the requirements and the resultant function of

the product[60], whichtendsto be one or fewof-a-kind products which are largscale, canplex long

life, and highly customised9]. ETO products also have overlapping lifecycle phases where design,
manufacturing and procurement can be undertaken concurrently to reduce the timescale for delivering
the product[62].
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Therefore ETOhew product development ad build such asFirst of Class (FOGj)aval ships can be
described as largecale, complexlonglife, one/few of a kind,customisedand where it is not cost
effective or practical to have physicalprototype. Theone/few of a kind and customised elements
distinguish it from other largscale, complex, lonlife products such as commercial aircraft which can be
more accurately described as ATO produ€tsallenges exist in all types of product development which
can become apparent in the design, manufactgriinservice or even disposie phasesStark describes
multiple examples includin@®7]:

1 Timeto market such as with the A3&@here atwo year delay was estimated to cost $6B

9 During production such as with multiple computer manufacturafected by faulty batteries
made by Sony which were found to overheat and potentiptise a safety risk

1 In-serviceincludingengine defects in Nissan cars resugtin the recall of 2.55 million or with the
Deepwater Horizon drilling rig when a blowout preventer failed resulting in the deagestn
peopleand corsiderable environmeral damage

f Disposal suchag KSy (KS CNBy O dismarlingphaject failed@ibeNdNheSaide &
amounts of asbestos on boaRksulting in failed attempts to dismantle it in Turkey and India

Thelevel ofcomplexity and lifecycle ahe new devabpment of a produchas a strong influence on the
methodology used when implementing PLM. For instamew developmend in automotive can be

described as a&omplicated longlife product type due to the personnel, processes and technology

required for tsRS&A Iy X YI ydzFl OGdzNB X & dzLJLJ2 NIi | whighcah®& € Sy 3 (
measured in decadd28]. Othernewproductdevelopmentsuch awith PQ @ cameracan bedescribed
ascomplicated anaghort-life products due again to the peoplesgeess and technology requirdulit, in

this casethe product has limited lifespar{28].

t / Q acarheya®an becategorised a manyof-a-kind, massnanufactured consumer productsit they

have differentdevelopmentprocessego other product contextslue to their industryclockspeed[63].

LYRdza GNE Of 201 aLISSR W3l dzaSa GKS @St 20A0&emde OKI y3I:
2T GKSANI FANY A& B4, An drsdsInhe dpeed Wil Wikclii e\gey erSiamgproducts are

developed and released to the markedlower tock-speedindustriessuch as aerospace have more

structured processes focusing on configuration managen|@dj. Faster industries such as those
YIEydzZFI OGdzNAYy 3 t/ Q& develbpdntyréchdses to ems@eSthelr frodycSigNd

market as quickly as possilitegain competitive advantage due to the speed of obsolescence and limited

market time.

There areother RA FFSNBY O0S&a gA 0K GKSaS LINRPRAzOG (eL@& O2 YL |
It isusefulto first explore the differences between the design, manufacturing and stigowironments

and the end product itselfhort and longlife products such asamerasand carscan share a relatively

short design and manufacturing lifecycle but there are obvious differences in the usefyddifieof these
productscompared with ET@roducts Within these consumer productPLM supportsnanaging the

global supply chain, design collaboration and configuration management for the high volume of products
produced, all of which is over a global extended enterprise for design, manufacamihguppor{5].

Toassistinunderstandid t [ a Ay 9¢h LINBRdzOGa FyR A0Qa &AAYAf I N
types it is worthwhile considering thee Architecture Engineéng Construction (AEC) indusawd their

experiences with managing product processes, information and techntiiogygh their design and build
lifecycle.Tolmanasserts thainformationis the most critical materidbr building and constructiof65].

Borrmann ¢ al. described AEC industries as struggling with information management challémges

instanceit is not uncommon for digital information which supports the design and construction, such as
documents, drawings, plans and 3D Models, not to be centstdised or related to each other in a

configured way[66]. Whilst other industry types have recognised the need for PLM to manage their
information, AEC industries have yet to find a wayfully resolvethis problem. Thisnay be due to
fragmentation between AEC plaimg and construction which can lmder the jurisdictiorof different
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organisations with little coherent integration. Other challenges faced by AEC industries are that their
information is not broken down to a granular level, thus not having a full probitgakdown structure
which is critical to effective PLM.

Froese statethat information management systems in the AEC indusaye hadhree main eraqd67]:

1. The development of bespoke systems for specific functions such as CAD, structural andlysis
estimating whichstartedfour decades ago and is still corting.

2. More recently0 YA R mveddbhas@didocument management emerged, which is still ongoing
with business models still adapting.

3. Recently more investment has been made in cohesive integrated systems, such as those in
mature PLM environments, but these are still mothe mainstream.

It is apparentirom the literaturethat AEC ismmature inthe use of PLM compared to ETQogess is
being made with the Business Information Modelling (BIM) appr¢&8hbut AEC projets can benefit
from utilising PLM to improve their processes, information and technology integration to leverage the
lack of maturity with BIM69].

Thisresearchfocussegrimarily on ET@nd the unique chatingest facesin comparison to other product

types in relation to the implementation of PLM. These challenges are based on the design, manufacture
and inservice support lifecycle as opposed to the operation of the end product itself. It will highlaght th

the size, complexity, lonlifecycle and lack of the ability to prototype results in significant challenges
whichnecessitagsa tailored approach to PLM implementation for these product types.

The approach shouldocus on ensuring that the PLM implemgtion supports the organisatio@
objectives, related processes, requirements and supporting techndidgymarand Nambisan described

this as a considerable challenge due to evidence of a lack of robust models to support the alignment of IT
innovation and business value in general terms, or at least an inability to distinguish between those IT
investments which provide value and those which do [dd]. Fichman and Nambisatsostate that in

the early days of IT investment, identifying value was easier due to complementary elements being
obvious, such as with CAD being linked to manufacturing machines to produce higher quoalitgtgr

As technology and organisational adoption matured it became hardeetdifg value from IT investment

or where the actual problems lay with realising this vafaegexampleproblems with the technology itself

or organisational aspects such asgess, culture or resourg&(]. The investment in IT initiatives such as
PLM requires the alignment of complementary elementshsas strategy, process and the technology
itself. Stark [27]stated: Wompaniesin different industries have similar objectives for PLM, the exact
requirements may differ. PLM is noff-the-peg, one size fits allThe functionality and implementation
priorities depend on the market needs and objectives of the comQathy

Thisresearchfocusseson the specific requirements for PLM implementation on ETO productsvéhd
provide guiénce in the form of an implementation framewotk support meeting organisational
objectives.Thegap inknowledge is described in Secti®and how theresearchhasprovided a significant
contribution to knowledge in this area described irfgections 7 and 8.

Thefollowing sectionsvill describe the nature of the @tienge of ETO producésdwill use other large
scale, complex, lonlife, no physicalprototype, highly customised, oref (few of) a kind products such
as AEC anihdustrialmegaprojects to highlight similarities drmlifferences with ETO products.

2.4.1 Megaprojects

Engineering to Order products can also be referred tmagaprojectsiue to their size, cost, complexity

and effective life which typicallyspars decades[70]. Megaprojects are usually massive civil projects
commissioned by governments, such as infrastructure development where the costi®multit A 2y M Qa
contracted to a private comparjy1]. Merrow defined a megaproject as a project whités a capital cost
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of greater than $1B in 2003 or approximately $1.7B in 202D These products are complex, involve
many partners, are politically sensitive, have a design, build aadririce lifecycle of many decades and
increasingly are used to describe civil and engiiimgy construction projectpr1].

Flyvbjergt NHdzS&a GKI G 6S FNB y2¢ SYyGSNAy3d | wasam SN Q
example of which is the US debt to China which requires careful management due the effect
mismanagement would have on the world econoj#$]. Flyvbjergstatesthat many megaprojects are so

large that if they were countries they would be in the top 100 measured in gross domestic product. These
characteristics can be compal to ETO pmducts which allowfor a more thorough analysis and
comparison of the unique challenges faced when impletingnPLM on these product types.

This research is bounded lepngineeringoroducts only as opposed to other megaprojects such as huge IT
or macroeconaic projectdue to their reliance upon an effective PLM implementatiArdistinction can

be made between traditional megaprojecand industrial megaprojectd.is recognised that the latter
offers a greater challenge due to its specialised constructaiare[74] andthe end result is a functional
product which is few or one of a kind. This greater challenge is due to industrial mggap tending to

be a significant investment with smaller occurrenegsl therefore do not have the same repeatability
and learning opportunities as traditional megaprojedtlustrial megaprojects are hot common place
andresult in a scarcity of slgllfacilities and specialised nature required for their innovation requirements
and the execution of the programni&4]. The specialisedature of the industrial megaproject requires
software whichisdesigned to support the delivery of the programme, including engineering soffwaye

of whichPLMsystems are amongst the most critical.

PLM literaturerelated toindustrial megaprojectis sparse&ompared to other product types such as MTO

or ATO. Even when there is dedicdtiderature on the subjectthey often ignore the more challenging
aspectsMerrow for exampledescribed industrial megaprojects as projects which make a product for sale
such as gold, petroleum, and ah&als anddeliberatelyexcludes others such as military projects and
public works Merrow stated thatthis is due to projects not necessarily being driven by a desire to make
money but for political reamns such as economic growth or job creatidhis is believed tantroduce
unnecessary complexity insbmeprojects as often they will continue due to politicaipportwhen the

need has long since passesijch asmilitary projects. Further xamples of tis are cited as being
prestigious projects such as Concorde or those, which due to the ambuominey already invested make
cancelation unpalatable to the political establishment. Other complexities to these projects are the need
to show value in spendip tax payesOmoney[72]. This often results in long drawn out tendering and
contractual proceses, which takes years and whose value is questionable, and is driven by a desire to
gain the best product at the best price but removes the benefits of establishing long term supplier
relationships which are common place in other industries.

Therefore indistrial megaprojects can be split into two distinct categories influenced by furahdg
motivation:

1. Public industrial megaprojectg thosefunded by the public purse, such as military, whose end
result is a functional product which is few or one of a kibdstinguished by the fact that the
sponsor is not necessfrexpecting to make money but is driven by a public need.

2. Profitindustrial megaprojectg thosefunded by enterprises, such as oil and gas or mining whose
end result is a functional product wdhi is few or one of a kind. Distinguished by the overriding
need to generate profit and provide shareholder value.

Ignoring public industrial megaprojects in favour of those which generate a profitable product is
understandable as itimplifies andfocusse research, but therels a need to highlight the gap in
understanding of how the research in profit industrial megaprojects can benefit public industrial
megaprojectsTablel provides examples of different profiind public industrial megaprojedtg2] which

are characterised as
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that they support

1 They are extremely important to those financing the megaprojects, whether they are public or

privately financedand,

9 They are prone to problems whether it is schedule, safety, cost or environmental to an extent

They are important to theacieties for which they are being undertaken
Theyare important to the health of the economies through the generation of jobs and the trade

that it can bring down the sponsors such as governments or companies

Profit industrial megaprojects

Oilrig construction

Refinery constretion

Mining facility construction

Power station construction

Dams and hydroelectriconstruction

Public industrial megaprojects

Naval shipbuilding
Submarine onstruction

Frace constructiorg rocket ships, space stations etc|

Tablel Examples of profit and public industriakgaprojects

The specialised nature of industrial megaprojects also contribotdtet difficulty in estimatindor project
management Thiscommonly resuls in over ambitious estimates which lead to cost archedule

overrung[76]. Industrial megaprojects atgpicallyfunded by governments but are detired by privately
funded companies, such as with major civil or defence progranj@@sindustrial megaprojects relating

to defence procurement have been affected by nrajost and schedule overruns such as seen recently
with aerospace, submarine and naval ship programiii@ Megaprojects have a long history of cost
overruns due to poor estimation, chaeg within the project or within the macro environment affecting
it, andwith faulty project managemen(t78]. The time difference between the National Audit Office and
Merrow reports differ by decadesrowevermegaprojects still suffer from cost and schedule overruns

suggesting that the challenges identified are yet to be resolved

Project Cost Overrun (%)
Suez Canal, Egypt 1,900
Scottish Parliament Building, Skemd 1,600
Sydney Opera House, Australia 1,400
Montreal Summer Olympics, Canada 1,300
Concorde supersonic aeroplane, UK, France 1,100
Troy and Greenfield railroad, USA 900
Excalibur Smart Projectile, USA, Sweden 650
Canadian Firearms RegistGanada 590
Lake Placid Winter Olympics, USA 560
Medicare transaction system, USA 560
National Health Service IT system, UK 550
Bank of Norway headquarters, Norway 440
Furka base tunnel, Switzerland 300
Verrazano Narrow bridge, USA 280
Bostons Big Dig artery/tunnel project, USA 220
Denver international airport, USA 200
Panama canal, Panama 200
Minneapolis Hiawatha light rail line, USA 190
Humber bridge, UK 180
Dublin Port tunnel, Ireland 160
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Project Cost Overrun (%)
Montreal metro Laval extension, Canada 160
Copenhagen metro, Denmark 150
BostonNew YorkWashington railway, USA 130
Great Belt rail tunnel, Denmark 120
London Limehouse road tunnel, UK 110
Brooklyn bridge, USA 100
Shinkansen Joetsu higipeed rail line, Japan 100
Channel tunnel, K, France 80
KarlsruheBretten light rail, Germany 80
London Jubilee Line extension, UK 80
Bangkok metro, Thailand 70
Mexico City metroline, Mexico 60
Highspeed Rail Line South, The Netherlands 60
Great Belt east bridge, Denmark 50

Table2 Largescale projects have a calamitous history of cost ovefrh

Rangan et al. argaghat PLM implementation has evolved from an initial approach of nyelir projects
involving extensive process evaluation, system configuration, training asgbioy support, to one of

rapid deployment involving existing infrastructure, processes and resultant reduced trf&iinhd®LM
system vendors support this by making their functionality much more adaptblerganisational
processesFor example, objects in PDM system can be adapted to represent the different business
needs such as a part to represent an engineering BoM and other to represent the assembly items in the
manufacturing BoMHowever,due to the nature of megaprojects and ETO products, such as their long
lifecycle, it is inevitable that PLM implementation will differ dramatically from other industry types.

Productdevelopment processeand technology on one project may have been introducedeade prior

to the initiation of the next projectusing what was available at that tim&or example the PLM

AYLIE SYSYy (Gl idA2y F2NJ GKS ¢@LJS np 5SaiNRP&@SNJ LINPINI YY
engineered for later naval programmes such &S thv dzZSSy 9f AT I 6 SGK ! ANONY Fd /
FYR fFGSN) aldAtt GKS ¢Hc Thdigdodtd / 2Yol G { KAL) Ay SI N

New technologywhich can provide additional benefits to the latest programme

Matured business processes to assist with mamgghe programme

Lessons learned from previous programmes across all aspects ¢f PLM

Improved culture where more technological aware staff are more willing to embrace PLM; and,
Funding from the customer to introduce capabilities whose investment can flsetoagainst
improvements provided by PLM.

=A =4 =4 =8 =9

Introducing new PLM approaches to previous programmes is not practicable due to the often decade long
lifecycle which the product development has been running. These programmes will have information in
specific echnology formats, e.g. CAD model, and processes firmly embedded in the business which would
cause impact onto a contractual and schedule/cost agreed programme.

Rangan et al. recognisésat the transition from one PLMpproachto another needs carefyplanning
includingbusiness change management, education and transitioning to new prodessdse emphasis

Ad 2y | WINI Rdzr f Q Y2 @&ng bukiness perfarylance | This is pérfelttiyOuvalid forr 2 v
most industries but does not take into acedua major change to technology and process which is
necessary at the start of megaprojects and ETO prodiddis This is due to the commitment an ETO
programme has made tosPLM approach and the impact of changingfiten itis manyyearsinto the

lifecycleof the programme ETO has a slowodk-speed compared to other product types igh can

introduce new PLM approaches onto the next new product development programme.
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2.4.2 Specific challenges with PLM implementation on Engineer to Order
Products

ETO products have a long design and manufacturfiegytile with many millions of labour hours
consumed across yeafs9] anda working lifespan stretching decadg]. These products have a wide
variation in the operational procedures utilisedave a greater disconnect between the design and
production environmets than with consumer productiue tothe considerable timespan between design
initiation and buildandregardedas a construction process as opposediass manufacturing production

[75]. The literature on New Product Development (NPD) for ETO products is sparse in comparison to other
types and significant challenges remain for successful developri#ratim and Bakshvestigded the

need for a separate NPD framework for ETO prodddis would assigETO companies to

1 Reduce design iteration and rework;
1 Recognse customer requirements up fronand,
9 Build quality into design and manufacture.

Theya G F 6 SR GKIF G WKkefdri theliteraturd axd mé&hif@ an MTS company. The design
framework or models proposed for an MTS company are not suitable to be applied to an ETO company
RdzS G2 @F NR2dza RA FIUKNKYy GBBSNE  ¢f KASi&] { ISt d@npedifhati 2 y A
LINE RdzOS& LINBRdzOGa 2y | t2¢ @2t dzyS ol aéntontSsiate)S OA | f
GKFG waz2 FIEN GKS bt5 FNIYSE2N] F2N 9 ¢ mosthkdlyig 2 G | |
RSNAGSR FNRBY I Jhgaid{i SSRNIOYKS ¢i2 NIy 9¢h O2YLI ye&s RdzS
constantly requires new design for every product, isingré&aNJ Yy SSR 2F 'y bt 5 FNI YSq
0 K I he geHeric NPD framework developed for an MTS product is inadequate in siddrabe
differencesin ETO and MTS operatiofi80]. The main differences between ETQdaWTS products are

shown inTable3.

Criteria Engineer to Order (ETO) product Made to Stock (MTS)
Design Usually exclusive to one customer General Market
Frequency of design Very frequent low to frequent
Use of design codes dn Yes Generally no
standards

Effort and cost in design per High low

product

Chance of design rework and

improvement during Low High
manufacture

Design of prototype No Yes

Design options Few Many

Tooling requirement Limited Many

Limited to availability of off the shel

Constraint in design No limitation
components or parts
Involvement of manufacturing
. . . Always Rare
engineers in design
Design dependency on similar High Low
product
Prototype No prototype Use prototype

Customer rarely involved i
design process

Customer approve design Yes No

Product test and commissionin| Usually at customer site At manufacturing site

Customer input during design | Custaner usually gives input during desig
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Criteria

Engineer to Order (ETO) product

Made to Stock (MTS)

Customer technical knowledge

of product High Low

Certz.;unty ofcustomer High Low

requirement

Product complexity High Low

Product size Generally big Small and medium size

Customer requirements

Specific and technical

Vague and no#technical

Interpretation of customer

; Direct indirect
requirements
Supplier involvemeinin design | Seldom Rare
Coqtractor involvement in Seldom Rare
design
Dry run/pilot run No Yes
Market research Minimum Extensive
Product launch No Yes
Market Pull Push
Product lifecycle Long Short
Com.pllance with legal Always Rare
requirements
Docunentation required by Extensive Minimum

customers

Table3 Differences between ETO and MTS in terms of product dé8@jn

Figure6 illustrateshow the committed costs early in the design lifecycle have a considerable effect on the
costsincurred when they are realised latein the produc@® lifecycle.The figure contains the key
deliverables across each lifecycle phase in FOC shipbuilding. It illustrates that there is an investment
committed to produce each deliverable. If these deliverables are required to be changed, sughtas d
mistakes or poor quality, then the cashcurred are significantly greater than those committed the later

in the lifecycle that have to be alterelistakes early in the lifgele can incur substantial casicreases

later within the project This s particularlytrue of ETO products where the time difference between the
costs committedand those incurred can be year3here is asignificantdifference in the values of the
costs committed and thosmcurredbetween slow and fast industiglockspeed as the time difference

is greater betweertostsincurred and cost committed, resulting in greater impd&itM implementation

on ETO products must provide support to manage each of these lifecycle phases tim @ssisting that
there are not significancosts incurred due to issues from earlier phases.
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Approx.15 Years

Concept Design
+Assessment of options  +Definition of policies
*User Requirement +Develop schedule
+System Requirement  «Initial product breakdowns
E 20 definition  and modeling | Costs incurred
£ System Design
E hip Requi Definition B i
+Complete System design +Design Review Strates
£ plete Sysit g & 9y
] +Primitivefinitial modelling «General Technical Requirements
5] +General ip Design Definition |
» 40 | sschematics, keyplans and scantlings +Configuration Management plan |
E‘S Detail Design
(5] +Spatial integration +Finalisation of Product Structures / BoM
ué +Detailed 3D modelling *Design for Production and Support
pt «Maintenance of design intent Documents +Interim Products and Modules
o 60 of design issues / safey hazards +Multi-site Design
g Qutput to Production
[0} +Creation and Delivery of Stage 3 Production Outputs to Drawing System
E +Delivery of concurrent Engineering / Planning BoM
0] . +Delivery of final Cable Data incl. Termination data
o Costs committed | \Generation of CNC dla
80 Build, Test and Deliver into Service
+Support to Production +Sea Trials Planning
+Support to Trials and Commissioning  *Shore Based Testing
+Support Datum Pack Collation +Transition to Support |
‘ t Close Out [
100

Figure6 Engineering deliverables across the lifecycle of naval ship design with costs conandted
incurred- adapted from[9].

2.4.3 Complexity and uncertainty

The level of complexity is one of the greatest challenges to manage within the development of ETO
products This is due tthe large numier of different types of elements interacting acrdhsir lifecycles

in difficult to predict ways such as various design systems being designed concurrently which are
impacted by changf81]. Complex systemsre unpredictable as a result of constant change within their
operating environmers, which differ from complicated systemsvhere there are many interactions
between the elements of the system but they can be predicated and understood with the right knowledge
and tools[82].

An FOC naval ship can be described as complicated in its operational betei@yproduct but is highly
complex in its design, manufacture and support due to unpredictability throughout its lifecycle. Weaver
described disorganised complexity as when it is difficult to predict an outcome due to a high number of
factors which can wly be measured using statistical analysis,,dlge behaviour of a large number of
billiard balls as they move around a table. Organised complexity is when there are a large number of
factors which are contained within an organised whalach aghe human body[83]. The complexity of

ETO product delivery can be organised complexity in that while all the interactions are not fully
understood at any one time they can be understood using sifieapproachesHomerDixondescribed
complex systemsuch as the product development lifhase systenas:

1 Yomprised of a multiplicity of things; they have a large number of entities or parts. Generally, the
more parts a system ewains, the more com@ E A The padsdq@mselves may vary in
complexity; a naval ship for instance may have 10,000 procured equipment parts with 40,000
occurrences. These will vary from complex weapons to simple valves and are broken down into
different procurable groupsiiorder to manage these differences.

1 ontaining a dense web of causal connections among their components. Theffecteach
20 KSNJ Ay Amayréequibmhentipapt@n a naval ship will require an electrical service and
perhaps water and air cooliyto be design concurrentlyT his requires other parts to be designed
and procured to meet this need such as Air Treatment Units (ATU) for cooling.

1 Exhibiting interdependence of their components. The behaviour of parts is dependent upon
other parts. If he system is broken apart, the components no longer function (like the parts of
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the human body)(r'he systems on a naval ship are designed to meet the overall requirement of
the product. If that system is changddring designsuch as with removing one thfe ATUsthen

the Heating Ventilation and Air ConditionifigVAG system will not meet the operating needs of
the ship.

1 Wpen to their outside environments. They are not ®elhtained, butare affected by outside
S @ S yiniaznaval ship if the ATU &dlue to poor desigthen the equipment parts will overheat
andalso potentially fail

1 Wormally showing a high degree of synergy among their components: the winotgesthan the
sum of its part<A naval ship can be described as a system of systehiah are designed to be
interrelated and connected to ensure that the ship can operate effectively.

1 Exhibiting noHinear behaviour. A change in the system can produce an effect that is not
proportional to its size: small changes can produce large effaots large chages can produce
avyl tf [84 ArSroréasefidxhe wild heat generated by a major equipment item on a naval
ship will result in the design of the HVAC system being inadequate and will result in other potential
failures throughout the ship.

This organised complexity requires analysis and careful management throughout the new development
process2 Y SS{ (i KS jedid®ideitedadige Rumber of interacting elemerdsiring the
concurrent design and build/hich will impact the delivery of a naval sHRil]. These could include a
change to the wild heat which will result in changes to the HVAC system which may require bigger air
treatment units which in turn will impact spatial integratioweight management and, if later in the
lifecycle, manufacturing rework.

Examples of the key engineering deliverables in each lifecycle phase of a naval ship are $iguvedn

These phases overlap and there atage gates to manage the promotion of specific design zones from
one phase to another and the integration across multiple zones. Therefore there are major aspects of the
design which will be in different phases at any one time, Wwhile one design awe has begun detailed
design other zones are still undergoing system design. While this greatly compounds the complexity
regardng integration and design maturity, a linear approach would result in a significant increase in the
timescaleof the new productdevelopment.Improved management of product information integration

and maturity are a requirement on PLM for FOC Naval Ship NPD as disci&ssidirb.

These complexities create pressures on ctmmig times and ever demating expectations for higher
quality [75]. There are a large number of interrelated ko and emergent elements relating to the
product which require careful management throughout its lifecycle, for exapgblanges to supplier
provided equipmentinterface requirement such asvild heat. These emergent elements have
interrelations with otheraspects which may go unnoticed and contribute to the overall complexity and
challenge for the produdtr8]. For example a change to théld heat generation of equipent may not

be communicated to the HVAC design team due to the huge amount of information flowing through the
business from the supply chain. These challermgislight the importance of PLM withiE&TGindustryin

order to improve the management of desigriormation.

Froesedescribedthe complexity of the influences associated with design change in AEC projects where
the intended use of a room may change its cooling or heating requiremé&hesemay have a domino
effect: the mechanical desigmay affectsupplier contracts whichmay affect material delivery which
impacts schedule, delays constructiamd increases costf67]. These difficultiesvhich are due to
emerging patternsinterconnectivityand complexityare common place in ETO products. The complexity

is increased due to a need to ensureatjty standards are adhered teuch as with I1SO 9001,
environmental considerations, and a drive to reduce costs ahddule.

The effective management of product informationniscessaryto support the capture, understanding
and analysis of the impact to any changes. Having a coherent mechanism such as PLM to align the
capability with this emergent behaviour of ETO potgasrequiredto reduce cost and schedule overruns.
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This require?’LMbased on knowledge, process and supporting techno]86}; all of which should é

directed atcontributing towards achieving KS 2 NHBHI yAal A2y Qa aidNXG§S3aaAd ;
have similar challenges to other ETO projects, such as naval ships, tiney asavell developeth terms

of PLM environments and do not have thgrsficant challenge of long term design lifecycles as discussed

in the next section.

2.4.4 Customer interaction and procurement

The delivery leadime for ETO products is considerably longer than other product types as the design and
subsequent procurement is gleloped to satisfy customer requiremer[85]. These delivery leatimes

relate to the commitment from a customer on the order. The greater the Hirme@ the earler a
commitment from a customer is redped. This is often called the customer order-geupling poin{86]

or order penetration poin{61]. The customer commitment points for various product types are shown
in Figure7 below. $gnificanty, the customer in ETO products commits to the order early in the design
lifecycle and therefore has a significant input into the design, manufacture and procurement strategies
[81]. In comparisonother product types have customer commient when the design isnature;
therefore any customer inputs are limited to configuration b&tcompleted design such as with ATO
products.

Shortlead-time

Medium lead-time procurement,
Concept& Long lead-time procurement,design& manufacture &
requirements procurement& design manufacture assembly Shipment
Low
c
]
©
2
1S
[=}
2
>
O
k)
(]
o
[=2}
Q
a
High |

High Degree of Complexity Low

Customer Commitment Point

Figure7 Delivery éadtimes for different product types showing customer commitment points (adapted
from [85] and[61])

Rahim and Baksh stat¢hat the customer has a high degree of negdtigtpower over the requirements,

LINA OS> RSt AGSNE RIFIGSa FYyR LINPRdzOG LISNF2NXIyOSs 4
need to generate profit and reduce ridkarly customer engagement wiithh ETO productievelopment
subsequently means #i there is a great deal of focus on defining requiremg&@. These requirements

often evolve and need careful management as changes to the requirements will have a direct effect on
the evolving design and may introduce high levels of design changes as a result of the inherent complexity

in ETO product development.

Ideally the requirement gature should be early in thew ProductDevelopment process and not subject
to change. However the reality differs within ETO product development whereby the customer may
struggle to define or articulate their requirements to a level thah ®e capturedagreed and badmed.
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Thissubsequently increases the potential for design changes impacting the management of the project.

¢tKSNBE YIe 068 I NBftdzOGFyOS (2 3INBS NBIljdANBYSY(a
be liable to the cost oflange, whereas the prime contractor would wish to agree the requirements as
SINIeé& |a LRaarotsS G2 NBRdzOS Nxale . IflyOAy3d GKS

0§KS LINRYS 02y i Nigidity ehdléarposunes ljiskzahsiEhdfir§ due to the longjfecycle of

the ETOproduct development process, and the difficulties in predicting the technology available from
suppliers when the product is finally delivered. Often contracts are placed with the numerous suppliers
in ETO produalelivery when the supplied components are only in conceptual stagelofg lead times

and the oftenconceptual nature of supplied products, which require integration into the overall design,
emphasises the importance of maturity management which isusised later in this section.

The customer may also put major supplier contracts out to tender, especially where there is a need to
show taxpayer value for money, such as for defence contrasti®ach contract for a new ETO product
development requires tedering to show value for money thehis reduces value in establishing leng
term supplier relationshipslt also adds additional management and process effort for tendering and
contracting which requires enabling technologiyhese new contracts result ia sporadic flow of
information from the supplier which is used to contribute teetbverall design of the produand in turn
influences how the overall maturity develops with tim€he intermittent delivery of information
introduces risk to the projectsathe information is used to design physical locations and supporting

(

systems, forexamplé Il & GdZNDAY SQa LIKeaAOFf RAYSyaizy LINROJA
2y GKS aAl S 2F I O2YLI NIYSYy(dT GK®the detdl klged@ala St SO

design and & thermal output influences the HVAC design.

2.4.5 Product customisation

Caron and Fiorg87] described ETO products as thd#wolved with designing, manufacturing, installing
and commissioning systems according to highly specialised customer requi@htieks and McGovern
stated that ETO products have a highééwf customisation due to their low volume and higbmplexity

required to meet customer requiremenfd]. They alssstated i K & WKA3IK f S@Sta 2F 0Odz
AYONBI 2SR 02ai(as KA 3K S coidpendnis providdd by @ippiethat S R (A Y ¢

integrated into the ETO produetre a mixture of customised low volume and standardised high volume
items. These customised low volunitems do not have a large customer base meaning there is potential
for missing information and resultant engineering revidid@l. Thisresults in higher levels of risk relating
to longer lead times and increased costhestructure of ETO products consists of a miigtof supplier
systems that are both designed bespoke or customised to perform a specific fun€tiey are also
subject to a uniquerad specific set of requirements, e.g., for a weapons system naval shif9].These
complimentaspects of the design which are commercially availabkhefshelf, which are subject to a
more general set of requirements, such as ealv

This mixtureof standardised and customised componergsults indifferingdegrees of complexity in the
design and manufacturing processere the design is managed through careful interaction with the
suppliers such as ensuring the electrical andliog needs are understood and align with tbeerall

design of the product. fis is achieved using contract management principles and sporadic data drops
through the lifecycle of the produdB1]. The Large Hadron ColliddrHCYor example has 10illion
components with 1.5 million documents and drawings. Many of the equipmentstare specifically
designed for the LHC and involve many years of research and development which then have to be
integrated into the facility[11]. Herediaet al classed ETO products as the most customised
manufacturing environment compared to MTS and AS@).

The build process is divided beieen batch repeatable processessich as manufacturing standard
pipeworkand those which are uniguer that productsuch as installing an argubmarine sonar sfem
Interaction with the bespoke supplier would generally be continuous with product information flowing in
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both directions, whereas interaction with COTS suppliers would be more discrete with information
generally flowing from the supplier to the pringentractor, once the basic requirements are understood.

The unique bespoke systems within ETO products require specialised tools for the design,RDbh as

and in the manufacture, such as fitting specialised Government Furnished Equipment (GFE), typically
military ecquipment.

Lee et al. staté i K Imdst ofthe items on a marine vessel are auailable offthe-shelf but are available

as madeto-specificatiorand they need to be ordered as early as possible before the design is completed
so that they will le available at the required time during threanufactureand assembly. Therefore,
components which are purchased tffe-shelf as a commodity product or made to custom specifications
must be managed. The BoM not only needs to distinguish between what is aod ordered, but also
needs to synchronésthe delivery according to the PND (Product Necessary Bateynisinghe required

time for assembly or manufacturig].

2.4.6 Bill of Material, configuration, change and maturity management

Customer commitment early in the design lifecycle requires product information management to ensure
the evolution of the design is managed to conform to their specific requirements. The BoM is well defined
within MTS and ATO pducts once manuaicturing beginsvhich means that there are few emergent
patternsto contend with during the manufacturing planning and execution phasesh as design issues

late in the product development lifecyc[88]. ETO products have an evolving BoM where the product
information maturesslowly, requires careful managemedue to emergent factors which effect the BoM
andis dynamicin nature as information flows into the programme to mature the interceted design
systemd38]. Thefactors which effect the BoNhclude changes due to the evolving supplier information
which impacts the desigre.g. the size of a gas turbine increasing whiah turn, affects the space
allocated in the compartmenf81]. In new ETO product developmenttimanufacturing phase begins
before the BoM is fully maturén order to reduce the overall design and manufacturing lifecycle as
illustrated inFigure6. Therefore changes to the BoM can hasansiderablémpact toschedules and costs

of the product if not managed effective]38]. The impact of these changes increases as the design and
manufacturing lifeycle evolves due to the locked costsand greater maturity ofhe lifecycle phases
When this happenamore rework is required which will have a potentially considerable impact on the
LINE RdzOG Q& RS@St2LIYSyld 0O02aid FyR &AOKSRdzZ So

Hicks and McGovern descritbetandard product development as a structured evolution from cqnce
design and manufacturing@]. Howeverin ETO productst is a highly iterative process which results in
changein areas such as the design, manufacturing, contracts with supplier and customer, and with the
cost modelDue to the close interaction with the various stakeholders, these changes must be analysed,
understood and managed carefully, with impa&ssessmenbeing one of the key techniques used to
support this managementlicks and McGovern go oo state that whilst there is considerable research

into change management there is little with direct relevance to ETO pro@@ictBhe literature available
includesaerospacewvho have mechanisms fopredicting the complexity of design chandmst do not
establish how to control lange given the challenges of ETO produghis is due to the complexity
affecting ETO products throughout the lifecycle of Meaw Product Development, such as with bespoke
suppliers providing increasing levels of maturity of their designs across marsy ye

lakymenko et al. discussed the challenges and research needs of engineering change management in ETO
products [90]. They stated that change is unavoidable and that the focus should be on efficient
managment and reducing the impact. Théyghlightedthe differences between engineering change
management in atomotive, which theyincorrectlyrefer to as MT@nd shipbuildingwhich they correctly

refer to as ETOrheywent onto describethat changes to & | i@réor are typically batched and rolled

into the next production run, therefore already procured Eacan be used and phased out before new

ones are ordered. Ighipbuildingchanges aréncorporated into that order and if late in the lifecycle can
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lead to rework and scrappage resulting in significant cost and schedule impact. They stated that further
research is required in the management of change on ETO products.

Stage gate processes have been used in the oil, nucleadefedceindustries to mitigate risk throgh

the lifecycle of the projecby undertaking formal reviews tanderstandmaturity and risks before
proceedingo the next phaseAn example of this ithe CADMID cycle used by the UK Ministry of Defence
(MOD) as showim Figure8. CADMID has stages:Concept AssessmentPemonstration;Manufacture;
In-service, andisposal. Each stage has different lengths and has formal approvals at the @mtept
(initial gate) andAssessment (main gat@d1].

At each gate the key stakeholders present and are assessed on their design, plans, quality, maturity and
other inputs into the product delivery. A stage gate process will help to manage the level of umyertai

on ETO product delivery buas shown inFigure6, the decisions taken early in the stages will incur
significant costs in later stagg9]. Stage gates have been used throughout industry, including ETO
products, for many years but they have not solved the challenges affecting ETO products. These
challenges include those due to the overlappphases across the design and build lifecycle where a stage

is passed to enter manufacturing but immaturity still exists across the design.

Project Major
initiation project

approval approval
(initial gate) (main gate)

m

Figure8 The CADMID cycle

FOC Naval ship NPD requires a more detailed level of ¢ahimto the challenges described in this
section, such as the large volumes of information which is subject to emergent changes throughout the
long lifecycle of the complex programme. The first layer of additional control is with the lifecycle itself.
UKNaval Ship NPD is required to adhere to the CADMID lifecycle as this is aligned with customer review
and contractual award gates, but the lifecycle is broken down to additional stages in the demonstration
and manufacturing phases to enable greater contbeltween detail design, production outputs,
manufacturing and test and commissioning, as illustrateligure9.
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Stage 7 i In Service: )
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Figure9 CADMID and Shipbuilder lifecycles

Whyte el alstated that there is a greateequirement for configuration management in complex projects

in order to manage their large volumes and various interconnections, and to ensure their inféd}ity
They described how configuration management has evolved from a fgsed approach to the digital
systems which are being glyed with increasing ambition, relsimg in increased rapid changés
interconnections within the systems. At relevant points in the lifecycle the configuration of the Naval Ship
NPD has baselines enabled which configures the information into changegement. Figure 10
illustrates the relationship to configuration baselines to the CADMID and shipbuilder lifecycles.

Concept ) 1
> Assessment )y
Demonstration )
Manufacture r CADMID
0 Service S LIFECYCLE
Disposal
) Stage 0 i Concept Design )
Stage 1 i System Design )
i) Stage2 i Detail Design >
Stage 3 _i_Prod Outputs___» SHIPBUILDER
) Stage 4/5 i Manufacture & Assembly ) r LlFECYCLE
Stage 6 1 Test& Commissioning
Stage 7_i_In Service >
Stage 8 i Disposal
AN
As Conceived | O\
As Designe: A
As Developed | 2\
As Planned ™ | | CONFIGURATION
As Buil s BASELINES
|A As Delivered 2\
As Maintained 2\ |
As Disposed

FigurelO Configuration baselines relating to the CADMID and Shipbuilder lifecycles

Hicksand McGoverrdescribe Capability Maturity Mode(€MM)as a potential means to managerO
product delivery[9]. Whilst these cover engineering, procuremerglanning configuration, change,
configuration and qualitythere are significant gaps such as with construction and drossional
integration which areelevantto ETO product delivery. CMtibes not provide detailed guidance relating
to ETO products necessary to manage PLM implementation

PLM in ETO product delivery must be able to cope with managing the evolving maturity, quality, change,
configuration, itegration and relevance of the product, and the methodologies used on MTS, ATO and
MTO do not meet these challeng§38]. ATO industries such as automotive and aerospace focus on
variant management while ET@oplucts such as naval shipbuilding and AEC have an emphasis on project
management and BoM traceability ensureassetscan betracedthroughtlife, such as for product recalls

due to thefocus oncomplexity,and maturity, and the differences idifecycle ad lack of aphysical
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prototype [38]. Therefore the approach to managing product information within MTS, MTO and ATO
product types is not suitable for ETO products, especially with BoM manag¢&@nThe current PLM

and ERP methodologie® not focus on these challengebut are designed more for the ATO and MTO
industries[38].

The procurement for ETO products starts in the early stages of the engineering lifecycle and is constantly
evolving and changing due to the immaityrof the early design which impacts the estimates and
forecasting 38]. Engineering maturity management is one of the core capabilities required for successful
PLM implementation in ETO products. Engagemetit the supply chain starts early in an ETO proguct
lifecycleand those equipmentor systems which are procured early tend not to betb#-shelf These

require interaction with the prime contractor in order to inform the definition of the specificabbthe

product Thisrequires careful management from a supply chain and product information management
perspectivd 38]. Effective management of the object relationships arwdving BoMis a requirement of

the PLM implementation across the lifecycle and the various disciplines involved. These objects are reused
throughout the lifecycle in various aspects of the overall PLM environment, such as with supply chain
information delivery, system design, 3D modwjlto support Detail Design and Production Engineering.

As the design is immature early in an ETO product delivery lifecycle, it is not uncommon for a supplier to
be given a development contract to assist in the integration of their product into the byeduct to

meet the requirements stated by the customer. This again contributes to the complexities of ETO product
delivery and the challenges this has on implementing PLM which meets the needs of the customer and
GKS 2NBIYAAaLl (A 2y @her aradNcg tipSpicdly have a S&iuieangiréringBoM

which supports improved integration with the organisation and the supply did&jrand daesnot have

to contend with new customer requirements inmature supplier information changing the design. The
early design in naval ships is based around thetfon®f the product which i®ased on the customer
requirements. Once this functional design is complete it leads to a structural/physical desigm whi
supports the manufacturing phas¢38]. Therefore with naval shijuild the design and manufacturing

take place concurrentl§8Q], resulting in a manufacturingoMbeing developed based on an engineering
BoM which is not fully mature

The approach to managing produaformation for ETO delivery mube able tomanagea huge BoM
across many different product configurations required to support different disciplines across an
integrated product management systeli3Q].

CIMData [Ssummarise the relevance of PLM from a product data management perspectstatiog:

E&RP systems provide necessary supfus the procurement and manufacturing operations, but PLM is

0KS 2yte azfdziazy adzAdlofS F2N YI yD&iméd coitidlS LINE R
security, engineering change management, product structaranagement, and reducing overall
development time are all necessary functionsadidition, PLM offers companies the ability to coordinate

the design process amormyndreds of contractors and suppliers throughout the world and to provide a
coordinated approach for the use of standard qmments and approved suppliets decreae material

and inventory cosi@5].

2.4.7 Project management

van Marrewijket al. undertook an investigationegardingwhy larged O £ § 02 Y LifftéhHail thINR 2 S O i
meet costs estimations, time schedules and projecicome®? 6& O2Y LI NAy 3 Gg2 YS3Al
Netherlands and Australia. They concluded that project designfactor and that the current project
YIYyFE3aASYSyid 3dz Rl yOS dodapledpfdiect tedlitied72). YI yI IS GKS W

There is aneed foradvancedproject management on ETO produdtsyond those normally applied to

less complex produci{®?2]. The project management methodologies uégd includecost and schedule
managementwhich are tailored for largscale, complex product developmej@2]. These are used to
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support specialised production processes which will have widely varying operatipealspread across
an activitydriven schedulavhichis based on the lifecycle of the produdats].

Theproject managementhallenges relate to the difficulty in taking a bottemp approach to estimating

and establishing plans fahese products, the norm in other engineering and construction projetdk

The lifecycle of these products mesthat the requirements are at bbw-levelof undestandingbefore a
gradual transformation into a physical practuover a long period of timehis transition introduces
changes to the product which affect the cost and schedule estinf@@sThis gradual evolution of the
ETOproduct impacts the ability of the ETO programme to provide achievable schedules and budgets, as
they can be impacted by maturity and change management challenges throughout the lifecycteuBtLM
providean environment which can be used to mitigate the project management impact and to enable the
maturity and change position of theroduct tobe understood The extent of the project management
challengeshas been highlighted by Merrowho staed that 65% of 300 projects with a budget bigger
0Ky bwm. FIAft SR G2 YSSi GKSANI 202S0OGA@GSas 6KSGFK
function of the produc{72].

2.4.8 No physical prototype

With ETO products tite is a need to ensure that it W NAigtiiA YSQ RdzS & physicsk S |
prototype which is due to the small numbef similar products producef8Q].

Prototyping enables the impvement of an early product by refining it through iterations until the
product is ready[93], which includes aspects relating to design, manufacture and support. While
considerable designna planning is undertaken prior to physicalprototype being developedthe
prototypes haveverified the design and manufacturing process and demonstrated the corioeijotre
actual mass production is started. In comparisam FOCnaval ship begins manufturing pria to the
design being completed.

Consequentlyit would be accurate to state thatnad=OC naval ship is botlphysicalprototype as well as

a delivered produc{81]. PLM plays a significant role in virtual prototyping, in conjunction with the 3D
models This enablewisualisations of the product to be producealbeit that there are no physical
prototypes produced prior to the FOChis can only be used to support aspects of the design and
manufacturing, but due to theiscaleprototyping cannot be used to verify the complete finished ETO
product. Virtual prototyping isan importantfunction when designing and manufacturing a product that
has no prototype. The PLM system must therefore provide support for product data at the correct level
of granularityto support modelling at different levels of fidelity across a divarmege of lifephase
analysisAutomotive andaerospacen comparisornwill also develop virtual prototypes biavephysical
prototypes created prior to the productieline generating actual products.

2.4.9 Summary

This sectiorhasdiscussd the various productypes: MTS, MTO, ATO and ETO and their differénces
relation to PLM. It establishes that ETO products have challewgesrespect to PLM implementation

that are not adequately addresd within MTS, MTO and&TO PLM implementationThese challenges
includethose dueto ETO having a significanslipw industry cloclspeedcompared to other product types
GKSNBE GKS Yl 22NRGe 2F (GKS O2aida FNB O2YYAUUSR St
later.

ETO product delivery is complex with malifyerent elements interactingcross the overlapping lifecycle
phases, such as concurrent designs of different but integrated sysfBmsscomplexity is compounded

by levels of uncertainty where design chanpese an impact across the programmvlich aredifficult

to predict and manage.

45



Therefore for PLMto manage complexity and uncertaintyithin ETO product development, it must be
able to manage

1 Integration and design maturity within multiple overlapping lifecycle phases.
1 Emerging patterns, intercorectivity, quality standards and environmental considerations
within the system of systems.

The procurement process is also challenging dach major programme having to be retendered to
provide evidence of value for money, resulting in difficulties witintaining supplier relationships and
accessing their information. Also in many cases therécarg leadtimesfor delivery of equipmentvhich

is required to be integratethto the product. This delivery may ntake place for many years after the
contrad is placed and the design completeSome of these equipment items are customigedrder to
meet the specific requirement of the customeith the information gradually delivered by the supplier

Therefore,to manage customer interaction and procuremasttallengedor ETO product development
processesPLM must be able to manage

1 Thecapture and control of information to meet customer requirements
1 Sooradic flow of information from suppliers

ETO products are customised to meet the needs of a speutormer. Therefore the design elements
such as equipment and systemontained within the product can be a mixture of high volume standard
COTS products and those customised by a supplier. These suppliers provide product information
throughout the lifecy@ of the ETO programme whidk used to design the integrated systems.
Customisation results in a high degree of risk due to their low volume and lack of standardisation which
may result in design changes that will impact the product in terms of scheddleast.

Thereforeto manage product customisation

1 PLM must bable to manage the integration of different types of supplier information
throughout the lifecycle phasesas other supplied products are being designed and integrated
in parallel.

ETO product have anaturing design over many yeathroughoutthis lifecyclethere will bechangedo
the configured design which are required to leanaged. Thiss further compounded by the
manufacturing beginning before the design is fully mature, resultinchange affecting not just the
design but alsgotentially causing manufacturing reworlhe relationship between the BoM, change,
configuration and maturity management is an important factor in Bicd@ucts

Thereforeto manage BoM, change, configurationdamaturity management

1 The PLM environment must manage the object relationships (and maturity of) within an evolving
BoM for many different product configurations to support different disciplines across the
engineering lifecycle.

1 PLM must support the impaassessment and control of change resulting from all stakeholders
as the design and manufacturing lifecycle evolves

1 PLM must manage BoM traceability for evolving maturity, quality, change, configuration,
integration and relevance of the product.

In other product typesmanufacturingwould not begin until the product isature. Physical ptotypes
would be used to test the design and manufacture @ndduct changes would be incorporated before
full scale manufacturing begins. A fphysicalprototype for ETO products would be prohibitivieom a
costperspectiveand timeconsuming due to itscale.
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Thereforeto manage the lack of a physical prototype

1 Asitisimpossible to take a conventiopalysicalprototype approach for an ETO product, PLM
must be usedo manage the evolvingroduct designThis takes into consideration the maturity
of the information provided by the supply chain, the management of change and the resultant
impact on the lifecycle of the product.

Thissectionalso discusses egaprojects ad their similarities to ETO product delivenydresearchwhich
is available on various public and privategaprojects whiclsupportsidentifying the challenges and the
gap in knowledgelt concludes that largscale complex projects have project managemchallenges
which are required to be addressed due to the consistent cost and schedule overruns.

Thereforeto support project management

1 PLM must supportost andschedule management across the lifecycle of the prodygiroviding
a structured enviroment which can be interrogated to understand the programmes status,
mitigating the risks to the cost and schedule.

The nextsectionwill use the challenges identified in this section as the structure to review and critique
the literature on PLM relating BTproducts.
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3 Review of literature relating to PLM
implementation on ETO products

The characteristics and challenges associated with the product development process for ETO products
have been describedithin Section2 supportedby literature and used as a basis to estabijsidance

for the provision of PLM within this contexthissectionwill first critique the relevant literature on PLM
implementationframeworksand its applicability for ETO products. It will then examine @itejue the
relevant literature with regard to thechallengesof ETO productselating to PLM implementation
including: complexity and uncertainty; customer interaction and procurement; customisation; BoM,
change and maturity management; project managemeand nophysicalprototype as described in
Section 2.4. It is necessary to understand the business context in order to support the PLM
implementation Using the ETO challenges as the basis for the literature resigyportsthe critique of

the published PLM literature based on the differences between ETO and other product Types.
outcome of this reviewis the demonstraton that there is a gap in knowledge relating to PLM
implementationfor ETO products.

The literature relewedandcritiquedin thisSectiornwas identifiednitially usinga set of keywords relating

to PLM and ETO products usiBgogle Sholarand the University library search systerBUPrimoThe
keywords used in various combinations included: PLM; PLM Rvarke PLM implementationPLM
challengesand ETO.The literature was accessed from the relevant sources and imported into NVivo,
reviewed and key points captured. The approaes supplemented by identifying publications from
referencedauthorsfrom the identified PLM publicationg&ndnote was used to ensure correct referencing
was appliedusingthe Google Scholdndnote import mechanism.

3.1 PLM Implementation frameworks

Frameworks have been developed by PLM researchers in order to provide guidance for PLM
implementations Vezzettiet al. undertook a review of PLM frameworks in order to understand how they
measure business readiness for PLM implemental@ath. This approach was designed to contribute to
the development of a PLM maturity modas they statd (i K IPliMre¥eted research is relatively youfy

This maturity model would support an organisa®iPLM implementation by assisting in understanding
its readiness to undertake the initiative. This would enable organisations to better understand tieir as
position and therefore provide an input onto planning and potential challenges with the PLM
implementation. The PLM implementation frameworks reviewed include thoseS&gksvuoriand
Immonen[17], SchuH 18], Batenburget al.[19], Stark[20], andK&rkk&inerj21]. Vezzettet al. determined

that no single frarework providedthe necessary guidance for an organisation to assess their readiness
for a PLM initiative. They propose a model wredlabledeach PLM framework to be benchmarked based
on its strength and weaknesses relating to its PLM maturity guidance.

The conclusion that Vezzetti etl. established wa typical for PLM implementation frameworks. It is
difficult for a single framework to provide@ne size fit€solutionall for an organisation or product type.
Each framework has its strengthnd weaknesss and can contribute to a successful PLM implementation
but they lack detailed guidance ®upport thespecific business need for PLM implementation in ETO
products. This supports the need for a PLM framework for a specific business context, for example a
framework whichaddresseshe challengesn ETO products.

Donodwue etal. conduced a literature review of existing PLM frameworks which can be used to support
a PLM implementatiofil6]. These frameworks are those described above@odoghueet al. concludel

that these frameworks whilgaluableprovide only a starting point on a PLM transformation initiative. An
example of high level guidance which can be applied tobasyness is having simplified processes and a
PDM centric PLM environmef7], [17]. Donoghueet al. proposal a theoretical high level framework
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for PLM which they statk could be expanded tassist with understanding the business strategy,
objectives, operating model and products. The framewatkscribedabove do not provide detailed
guidance on PLM implementation on ETO products.

To ensure a thorougtritiqgue ofthe literature, those revieved byVezzetti et aland Donoghue et ahre
included in the research.

3.2 Complexity and uncertainty

The literaturein Section 2 demonstratedthat there is a greater degree of complexity in ETO product
delivery such as naval shipscomparison to ATO product types for exam@atenburg et al. described
aframeworkto assess and guide PLM implementations based on an assessment of 28/Qatdhations

[19]. They highlighted the difficulties with PLM implementation as it spans the lifecycle of the product
across theextendedenterprise and is a significant change to the busin€hksey stated that PLM maturity

in Dutch organisations was loparticularlywith organisational policy and strategy, they went on to state
that PLM must be embedded into the business cultdreeyals highlighed that different industries

have different PLM requirements amutoposeda framework which assesséise maturity of PLM in
organisationsTheydid not discussor providedetailed guidance on overcoming tlehallengesof PLM
implementation, sub as with complexity andncertaintyin ETQproducts

Rangaret al. stated that virtual prototyping has been used to tackle early lifecycle challengesval
ships whichhaveresulted in improveddesgn decisionsand increased collaboratiofi3l]. They ¢ not
proposeviablesolutiors to the PLMimplementationrelated challenges of complexitipr example with
managing design changes due to new or updated supplier informaboe example of this isew wild
heat data necessitating a changette design of the HVAC system which will havesultant effect on
other aspects of the design such as weight management and spatial design.

Hicksand McGovermecognisedhe challenge o€omplexityon ETO productg9]. Theyproposal the use

of stage gates to manage these challenged cited the oil industry as an exgple. Stage gatprocesses

have been used falecades orETO products such as with FOC naval ship as illustratgdure8. This
approach does not resolve the problem of emerging product development process behaviour impacting
the NPD of ETO products across the lifecycle

Saaksvuori and Immonercognised the need for PLM to manage complexity with creating, maintaining

and delivering productparticularlywhen there are large amounts of data involvidd]. They providd
descriptions of different product types including how ships are a unique product with similarities to sister
ships.They went on to state that simil@roductsare power plants andhemicalprocessing plants. They

alsodo not provide detailed guidance on hd®.M can bémplemented tosupport these product types
PLMwas however correctly describeab a holistic pproach with different concepts, technologies and

tools while PDM focuses on the management mduct data. They then incorrectly distinguish PLM
technology from CAD and ERP, when they are all aspects of the PLM system of systems; this suggests
confusionbetween PLM and PDM.

Stark stated the need for PLM to manage complexity and uncertainty and highlighted the risk with
developing new productf27]. Hehighlightedthe risk with developing new products which may not be
sold in the required numbers to provide a profit or to recover the investmmaatle in NPDHeuses
commercial aircraft as an examplenere a company may developpoduct over many years but a
customer may not tad their option for purchasing aeven be in existencéde didnot provide detailed
guidance on how complexity and uncertainty can be managed and does not discuss ETO shatldnge
how they can be overcomd&he guidancestark provideds genericand did not providea solutionto
implementing PLM in the context of ETO products.
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AEC projects are often described as being complex, such as with the Shalke Areng9&idjeitias they

have a mature design before manufacturing begins this complexity is more manageable in comparison to
naval ships and submarineSroeseprovided some examples of complexity and the related emerging
patterns, such as the change in the use of a room wpiopagateghroughout the construction process
andcaneffect schedule and cofs7]. Froeseproposed that due to the coniexity of construction projects

from a project management perspectivadividual work packageare typically developed t | S WOA S g & ¢
which would support individual stakeholders by presenting the information that they need in the most
appropriate manner. These work packages are uralem independeriy as it is challenging to detmine

an overall integrated view of a complex proje&xampleswere providedof how to improve this using

four different views: product; process, resource and time, but these are not as advanced as those already
managed in the PLM environment of naviaipsconstruction such as the management of a complex BoM
with integrated change and document managemdfrbesealso provided no details on the management

of overlapping phasesuch as design and manufaot. This is due to the lower level of information
management principles, such as a lack of a complete iatedrproduct definition, practed in AEC
LINE2SOGa ¢oKSNB GKS I NDKAGSOGQAa RNIrgAy3da FNB (GKS 2
physical manufacture is undertaken.

Naval shipNPDhave moreprocess and technological maturity in th&kM environment and have driven
improvement tomanagesome of the challenges associated with their complex environments, such as a
full 3D model basé on a managed bitif materials[81]. Froesaliscussedomplexity in AEC prejts but

did not mention how desig maturity should be considereand, whilst ther researchfocussed on the

need to manage the intercarectivity between work packagesnd the interrelationships between the
views, there is no detail provided relatingad’LM frameworkhat would support this.

Xue et al.conducted a reviewfrom 2000 to 2009f literature relating to the use of IT to support
collaborative working within the AEC industry and focussed specifically on collaborative design,
collaborative constriction project managementand integrated inteforganisational management
information systemg96], all of which are relevant to ETO NPXue et al. descrilge some of the
shortcomings within the AEC industtyy’ Of dzRA y 3 (i K Sn theori@d whighthavblBitic& o8O K~ W
and guide the development oi dzOOS a a FdzZf Ay T WNever thdydoy/not pdvida Sead Q& |
guidanceof how a sucessful system may bdeveloped which is also a gap within ETO products

Bakis et alresearchedproduct data sharing andxchangewithin the construction industryo improve
integration [45]. They focussedon integrationat three levels: conceptual (data modelling); physical
(translating and transferring data); and datmanagement (transaction management, access control,
version management, and change promulgatio®d.thisfunctionality is present to some extent within
PLM, it is surprising that no direct mention of PLrsvided.

The opportunities for utilising PLMh AEC industries iscreasinglybeing recognisedvith Aram and

91 &d Yl y that dnkil dowrily baic information collection and project and portfolio management
capabilities of PLM systems have been adopted and only by a few AEC companies. Vedhmkeis a

huge potential for the AEC industry to benefit from integrating PLMtethddd @ Ay G KSANJ 0dza A y !
[69]. This highlights that the AEC industry does not have a solution for PLM impleroardgatl also that

a PLM implementation framework for ETO products can be utilised within the AEC industry.

Sharma and Kim discusthat compared to other industrieshe complexitiegelating to:customisation

widely varying scales of operatignsnd, less compatibility between design and production systems

create significant challenges in shipbuildthgpbughout the design and buildecycle given the pressures

on cost, lead times and the expectations for higher qu§lig}. Theystated that no PLM system exists to

effectively support these complexity challenges within shipbuilditigali noWPLM system covers the

comg SGS tAFSOe0tS 2F i KuSe thisknativakiod B propese®a dor@épfdiRloglcaf &
Based PLM (LBPLM) system for use in the shipbuilding lifecycle. Sharma gmdvided details of the

modules requiredor the LBPLM system such as design, procurement, project management, production
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and repairTheystated that the LBPLM system wouddlditionallyrequire security and the ability to share
information across the enterprisand, whilst they discuss manayy these complexities, they do not
provide a detailed approach to solving it other than integrating various modules in a PLM system such as
with the design and project module$heydo not considerthe need for a framework to manage the
evolution of maturitywithin multiple overlapping lifecycle phaseBhis focus on technology giveime
complexities of the PLM systenfi systens and the integration of the philosophy into thrisinessvould

be prohibitivelyexpensive to implement and high risk as it would lmistomisedsystem.

As illustrated irFigure3, the technology in shipbuilding is fragmentadd introduced at various times in

the lifecycle suchas between procurement, design apdoject management but an improved bespoke

PLM $stem on its own will not solve these challenges,andeed will add significant other difficulties

with building, maintaining and evolving a bespoke syst@imis bespoke system would have to be
managed by the organisation and would require huge investme software engineering including
resources, processes, technology and facilittdest maure PLM environments will usgroven COTS
applicationsd dzOK | & t ¢/ Qa 2 Ay ROKButtéchn@lagy op AsSWhIwi aot ad@esy OS y |
the challenges Wi complexity and uncertainty in ETO productdis isdemonstrated by the high
investment in PLM technology but the continuing cost and schedule overruns exper{&hdeéd].

Johnsonet al. focused on the management of complexities within the Virginia class submarine
programme in order to reduce costs by $400M per b@®]. The literature demonstrated the use of a
system dynamics model to simulate the effectlod complexity associated witthesign changes and uses
historical data to predict a maber of cost influencing measures. Despite not specifically focussing on the
use of PLM, Johnson et akedconcepts such as maturity, quality and rewdrkjllustratethat the ETO
product development process is itself a complex systavhere change is rievitable in complex
programmes and practive change management is necessary. The output of the simulation was used to
help with establishing contracts for the next phase of the programme. Howeweeatetailed approach for
achieving this was recommendeghd it instead focssed more on capturing the future impact of
proposed change at a high level, such as with labour hedrigh are a significant proportion of costs on

a submarine project

Gomezet al. described research on combing two topics related to PLMlata stucture and knowledge
managementTheir research was informed by existing theory and directed towards relatively small scale
products Theresearchaddresseddata structure and knowledge maragent individually butdid not

effectively combire both topics[35]. They presemd a methodology for the integration of design,
manufacturing and service knowledge to the data structure in PLMdbald be used through life and

applied to a vacuum pump manufacturefrhis application isowever conceptuanddid not address the
complexities relating to maturity within multiple overlapping lifecycle phases or the need to integrate
Ydzf GALX S aeadsSvya | ONRPaa (hevivelbiyBighSdinég endllenes Reldtidg Ot S d
to PLM implementation fothe pump manufacturer as relating to the need for improving PLM capability

and improving compatibility between all of the systems within the PLM environment.

Schuh et al. proposka process orientated framework for PLM implementatidhey statehat thereis

a gap between PLM and the product lifecycle and its underlying processes, part of which is due to the
confusion between PLM software and PLM as a cor{d&pt The paper focised on small to medium size
companies and thereforeid not address the types of complexity and uncertainty which affect ETO
products. They investigadkeexisting PLM solutions from 54 PLM vendors withiroRe with respect to

the fulfilment of a set of functional requirements. Despite these requirements being quite broad in terms
of PLM functionality and reflecting the need from an ATO, MTS, or MTO perspective, Schuh et al.
discovered the maximum averagequirements fulfilment was only 59% (for system integration). The
PLM implementation framework they propagévolvedlinking the PLM software, with requirements, a
PLM knowledge base and a set of reference modelsonsistedof ten steps which providi useful
guidarOS NBf | GAYy 3 (2-A X204 P TRVl BtatShesktistaps are:
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Define the goal of the PLM implementation

Analyse how the existing product information is structured

Rank available reference processes (Schull.etises reference models from the machinery
industry)

Identify company maturity level (the as processes)

Select an appropriate refence model that best suits th® 2 Y LJI cyfaatéristics
Customisehe referencemodel tosuit thebusinesseeds

Srecify requirement for software systems

Select software solutian

Definethe evolutionalpath and implement software solution

10. Teach employees

wn

© N OA

Schuh etl. stated that these stepsvere derived from traditional process engineering ugreenhanced
for PLM Whilst the frameavork formed the basis for a higkevel understandingf PLM implementation
and therewere overlapsfor useon ETO productst lackedthe specific guidance required to overcome
the complexity challenges in ETO produdtselied heavilyon guidance and reference moddimm
similar industriesvhich are commonly available, whighnot be the case for ET@oductsdue to their
low volume and lack of standardised processes

Von Rosing etal. investigated combining Business Process Management (BPM) and Enterprise
Architectures (EA) within IT projects trace and measure IT investments to the busingsg. They
asseredthat the more complex the IT systethe less likely that #vould be flexible enough to meet the
needs of the organisation. They stdtiat BPM is about managing business processes and that Enterprise
Architecture (EA) is the framework for business desigmm Rosing et al. discusd the relaionships
between organisational strateggnd how this strategyeededto be reflected (via tactical challenges),
within complex business IT systems, and howpEsvided a basis upon which to manage thiEhey
describel how combining both EA and BPM woualitow the business objectives to be enabled through
alignment with IT investment. Ensuring that PLM technology alignment meets business objectives is
important but this literaturedid not provide guidance on how the complexity of ETO prodootdd be
managed through aligning the business and technology architectures.

Terziet al. provided a history of PLM and its current role using papex&ring subjectsncludng:
extended enterprise, produdifecycles, processes, integrated supply chain, IT, digialck ups,
standards, interfaces, interoperability, and descriptions of PLM and their use on different product types.
Ther researchusedexamplesof longlife productssuch as turbinesgircraftand shortlife products such

Fa t/ Qa 2 NJNPD ¥ éhdslpradbct tgpésda Bt have the same complexity as ETO products
as theirproduct development process behaviazan be modelledanalysed, standardised and predicated
supportinga mature design prior tdhe start of the manufacturing phasderziet al. provided a
description of oneof-a-kind enterprises such as ralvships and civil constructicend highlighed the

early engagements of the customer argbtimportance of PLNh supporting this engagemeritheyalso
stated that manyof-a-kind enterprises face the same pressures as other industries such as increased
guality demands, cost reduction and globalisatif#8] Theydid not provide detail on how taddress the
unique challenges witlPLM implementation orETOproducts. For instancethey describe ERP as
transactional and PLM as iterative, this is true in normal manufactaegations;however ERP in ETO
productshasto account for change due to emerging patterns in the manufacturing stage. TradE&f
syd¢ems do not provide adequate suppods whenit is planned in a work packagé is difficult to un

plan in a complex environment dae the many interconnections in nerepetitive tasks common in ETO
product delivery.

Terziet al. alsostatedthat information flow breaks down after delivetg the customerin the majority
of products, such as consumer electronics. This is not the case in complex environments such as with ETO
products where product inform&n must be configured, controlled and supported throtll. The
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paper does go on to state that the product service paradigm is critical in future PLM systems, but there is
an information gap which requires resolvinghere are no proposals for dealingthvthe specific
challenges of the complexity of delivering ETO products where emerging patterns are common place and
have high impact which increases as the product lifecycle evolves.

Leeet al. discussed 8 ySSR (2 AydSaNI &GS GKS . Aff 2F al SN
lifecycle[38]. It highlighted that shipbuilding BoMs differ from MTS and ATO products as the BoM evolves

in shipbuildingLeeet al. sated that shipyards have difficulty implementing organisational configuration

2F . 2ala NBadAZ GAy3a Ay ySOSNI SyRAy3a t[a AYLX SYS
mentioned frequently, but wie it shows arevolvingBoM, it does not provide a framework to manage
complexity through itsifecycle when implementing PLM.

Bokingeand Malmqvist conducted a review isearchon PLM implementatiomguidancewith respect to
their relevance and use inindustry [56]. They stated that the literature highlights various
recommendationdor use in PLM implementationheywere not followed due to: a lack of awareness
of guidelines; an awarenesstbi guidelines but decision not to use an@n awarenss of guiélines but

a failure to comply. Thesited literature from several sources that highligtithe need for organisational
improvements and aligning systems with proces3dwy found that some processes changed to align
with system capabilities bitthers did not, resulting in software customisatioBokingeand Malmqvist
found that the guidelines from théterature reviewedstatedwhat neededto be accomplishetut that
the literature lackgguideineson what isrelevantfor real industrial PLMmplementation Bokingeand
Malmgvist also referred to proposed process models for PLM implementations. Weeséocussedn
earlyin the lifecycle anddid not follow later activities (such as with emerging patterns on ETO products
which havea lifecycle and evolvindesign. Other proposed process models inclatleow to configure
the system to meet the needs of the business but the papatiedthat no doninant PLM implementation
guidelines existBokingeand Malmqvist concluded theneasa lack of research on PLM implementation
guidelines thatfocusseson the operational levelTheystated that thorough stidies of industrial PLM
implementationsare required in order to elicit and capture knowledge which in many casespkcit.
The project studied was a PLM implementation for an unnamed attonalorganisationthe product
was not described). His was however a shortcominglue to differentimplementationchallenges for
different product types, i.ethosewhich areuseful for a mass manufactured product are netessarily
appropriate for an ETO product due to the differing levels of uncertainty antplaxity. The paper
supportedthe lack of PLM implementation guidelines in general and the need for further resisaith
respect

Corallo et al. discussed research by the Collaborative Product Development laboratory of the University
of Salento on PLI{®8]. The research activities of the Univigysverefocussed on complex products such
asaerospacenavalandautomotive Corallo et al. used literature to define what PLM.&s, an approach
that includes a mixture of managerial, technological and collaborative features. They higthbglpp m
the current definitions such aproduct data sources being spread across an organisdterdifficulty in
ensuring uniguenesselevanceand traceability;and long term archivingegardingprovenance for the
information and its londerm archiving neds. Corallo et al. did notliscussthe uncertainty and
complexity challenges with ETO product types. Wiigsbspaceand other industriesvere usedwhen
citing examples of the PLM definitignthe specific complexity and uncertainty challengesre not
discussede.g.,how uncertainty and emerging patterm®uldbe captured and their impacts managed in
a complex long product lifecycle with overlapping design and build phases.

3.3 Customer interaction and procurement

As described iigection 2.4, customer interaction and procurement is a challenge in ETO NPD compared
with other product types. The literature required reviewing and critiquing to identify whether this
problem had been solve@atenburg et al. described the importanceimtegrating PLM with suppliers to
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enable collaboration and to ensure that all product information is stored centrally to support decision
making[19]. Therewas no discussionon supplier information omguidanceon manging information
provided through theproduct@ lifecycle.

Rangaret al. discussedsing virtual prototypes to helpupportcustomer interaction budid not examine

the challenges of integratingupplierinformation into the overall desigrior equipment that wald not

be provideduntil later in the product deliverjife phase sometimes as long as a decade after it begins
[31]. These virtual prototypegrovided benefitwithin the early life phases whenstussing@nd agreeing

on concept requirements. Howevethey are not appropriate for managing the procurement lifecycle
such as with procuring a complex naviga system which islesignedoespokeover a period ofyears to
meet an initial requirementnd, in reality, changes throughout the&levelopmentlife phaseas other
design or cost factors are negated.

Hicks and McGova stated that detaildesign, manufacturing, assembly and constructiguicallyhappen

after the customerder penetration(customer commitment) poini9]. Thereforeall the processsafter

the commitment pointared LISOAFTA O (2 | OKAS@AyYy 3 | OdzasidediGaNDa NB|j
ETO companies have increasingly become system integrators of technologyegroyi suppliers, and
describeal the tendering process between th@ime contractor in ETO product deliveagd its customer

there was no discussion omanaging theinformation provided by the supplielCorrectly managing
supplierinformation is influential in the success dETOproductdevelopmentas there are a number of
uncertainties with bespoke equipment which require highly complex management processes and
capability. This includes not only the design of the equipmtamtalsothe suppy ofthe equipment, such

as with thestageswith which a gas turbings deliveredhat must align with the planned installation dates.

All ofthis should be controlled through the variogsolutionalBoM views, e.galignment between the
design and planning viewkat are controlled within the PLM environmersaaksvuori and Immonen
stated that PLMassistswith procurement activities including managing supplier informafibr. They

did not describe how the customer influences the suppéielectionand thatPLM must be implemented

to managethe sporadic flow of information frorthese suppliersNo approach was offed to ensure that

this supplier information is managed to ensutes integratedinto the overall design, such as thermal
information on an equipment item used to support the design of the HVAC system.

Stark discussedthe importance of PLM with managintpe suppliers and ensuring they can work
collaboratively with the other stakeholders when managing the product lifed@dle He did not offer
adviceon how to overcome the&hallengesvhen acustomer is involved early in the prod@&lifecycle
and how their requirementsfluencethe product development.

Shamaand Kim statd that the customer engagement point is before tsiart of thedesign procesbut

did not provide detail on management of the evolving supplier informatito the integrated design
[75]. Approaches to grocurement werealsodiscussed whicprovidesupplierswith secure accessut
their proposalswere immature as itdescribedbuilding a system for supplier engagement, such as
tendering and responses being via fax/email. There rame sophisticated systems widely used by
industry, such as Exostar which is in use by major defence companipsBAE System$plls Royce,
Raytheon, Lockheed ambeing Theseprovide capability for some of the common tasks in ETO products,
such as: request for quotations; tender response management; material infaymatichange ane-
auctioning.

Supplier engagement must be robihgsmonitored, such as witthe reviewing of supplier deliverables and
capturing feedback from the engineers. This must be aligned with the need for populating and
promulgating the information through the PLM environment. For exampieh drawing and BoM
provided by a supplier for a gas turbine must be examined to ensure they meet the design requirements
This must bébefore they are entered o the PLM environment and consumed by the many disciplines
in the project, such as electrical or HVé&3ignersSharma and Kim statie need for suppliers to be
integrated and propose a module in their bespdkeMisystem to manage this, but the development of a
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bespoke system is hugely risky and expensive. Whilst systems such as Exostar are mature and widely used
they do not fully address the challenges withpplier informationrelating to PLM but rather perform
activities such as tender managementagctions, information exchange and otherpeocurement
activities[99]. The systems and rekd processesshould address the sporadic delivery of engineering
information from the suppliers over a period of time in order to feed the design process.

Tangand Qiandiscussthe relationships with theautomotive manufacturers and thesuppliersand
proposed that PLMouldbe used to aid supplier integration their industry[33]. Ther proposalwas
simplistic in terms of ETO product delivery adidtnot, for instance have the difficulties with merging
information during a long lifecycle. It described functionality such as informatilability, permissions
(controlling public and private information in the virtual environment) and information exchange. It also
stated product model improvements could be carried out-lime (design collaboration). Tbecomes
more difficult in compex product development, but has very important benefis. The customer
engagement point in automotive is venfférent to ETO product deliveas thecustomersdo notdirectly
havean influenceon the designor suppliers chosenilhis simplifies the proce@ment process greatly as
automotive manufacturers are able to select any supphéhout customer influence. Theglsodo not
have toaddresghe political canplexities such as ensuring t@yer value for money opublicallyfunded
products.

Terzi et almentioned customer interaction in mangf-a-kind products but there are no proposals for
dealing with the specific challenges of ETO product delivery such as managing the sporadic flow of
information from the supply chaif28]. Johnson et aliscussedhow the US Department of Defsa is

driving cost reductionwhich has an impact on the programme due to chaifi@g]. Thishighlighed the
influence thatthe customer has i TO product deliverys opposed to other industry types. No proposals
were describedwith regard to managing these challengdse et al. discussedmanagingsupplier
information but no detailwas given of supply chain complexities with evolving design other that supplier
information is held against the BaMhere are no proposals for the managementefveloping maturity
oFraSR 2y | Odzad2 YSNDbBow h&ecadbg abgned® lihdpraddtddiveay Bo 2 NJ
any changesould bemanaged effectivel{38].

3.4 Product customisation

As discussed iBection 2.4 there are high levels of product desisation in ETO products in order to
satisfy customer requirements. This customisation results in a lack of standardised approaches to ETO
product development processes. This introduces risk and requires processes, information, people and
technology mangement approaches to ensure that the evolving customised design can be managed
effectively.Batenburg et al. stated an important driver for PLM was managing customisation due to more
demanding customerfl9]. They dd not howeverprovide any guidance on implementing PLM to support
products which hava high level of customisation.

Hiclsand McGovern statthat ETO products typically featuhégh levesof customisatiorwhich impacs
cost, leadtimes and higher riskbut no proposalsvere given to manage these challendg8k Sharma and
Kim discussetow ships are highly customisednd haveunique desigaand variationsn the production
procesq75]. They proposd a bespoke PLM Systetm help solve this This approaclincreases the risk
and cost tothe implementing industrylnvestment in technology has been seleynmany industriesis a
way to improve business performandeoweverwithout the related investment in process, business
change and alignment to the strategic objectives of the organisatiwse are difficult to achievglQ].
Investment in a bespoke PLM systera suggested by Sharma and Kattemptsto resolve isges relating

to PLM systmsin terms ofmeeting business objectivebut the bespoke creation of a fully integrated
system for ETO products will consume valuable core business resources which would be better invested
elsewhere. It would be more benefictal inform the PLM vendore terms of the specific requirements
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for ETQoroductsand allow them to make internal investment in their products which they can sell to the
market place.

Saadksvuori and Immonereferred to engineeredproducts as those which hae a high degree of
complexity and tailoring based on customer requiremegitg. Theydid not offer a solution as ttvow
the combinationof standard and customisedesign elementgould be managedThey highlighted the
importance of repeatable processes in their PLM maturity maoief did not discuss the challenges of
identifying regeatable processes for highly customised products and how they can be overcome

Stark highlighted the importance of PLM with managing product customisg2ignHe did notdiscuss

the challenges with ETO products where the design is customised and evolves over a long period of time
based on information provided by the suppliers. He also did novigeoa solutionto managing the
information for customised design systems which are required to be integrated into the overall product.

Johnsonet al. recognisedhat change is inevitablen ETO productbut no proposal is submitted to
manage these challeng¢g9]. The managenent of the ongoing customisation of the produtirough
design evolution followed byformal change managemenis important for implementing PLM in ETO
products. The design evolves based on the overlapping pliesesibed inFigure6 and the activities in

each phase have a direct impact on those succeeding themaechange to the size of a gas turbine in

the system design phase will have a direct impact on the spatial integration of the 3D model in a
compartrent in the detail design phas@he evolving customised product requires magragnt to
ensure that the interconnections to the various design systems are understood, communicated and
controlled

Tang and Qiafocussedheir PLM research on th@utomotiveindustrywho have stabledesigns prior to
manufacturingand do not have the complexities of manufacturing starting prior to the completion of the
design, as occurs in naval ships and submarf@gls They therefore provided no detail on managing
evolving customised desigrisee et al. identified that there is an evolving BoM but no solutioese
discussed in detail to managing this in the context of aligniregdbjectives of the business with the
technology]38]. Whilstthey provided adescrption ofthe various BoM views in naval shiisey did not
demonstrate how thesavere used to manage the integration, commigation and interaction with the
various suppliers who providehe data used to design the ship in an evolving basis. Other literature on
PLM such as Terzi et did not raise or address the specific challenges with an evolving customised design
with ETO product delivery28g].

3.5 Bill of Material, configuration, change and maturity management

Section2.4.6described the importance ahanagingthe BoM through lifeand that the relationship to
productmaturity, change andonfigurationmanagement is understoo®atenburg et al. stated that PLM
software is required for produaonfigurationand change management but do not provide any guidance
on itsimplementation[19]. They do not discuss produaiaturity and while they raise BoM management

as a keycomponentof PLM they offered no guidance on the relationship between BoM, configunatio
change andnaturity management.

Rangaret al.reviewed the evolution of PLM processes and systems using a number of case studies as the
basis for their research. They stdtiat slow clockspeed indusies, such as aerospaceave structured
processes throughout their lifecycle which have an emphasisonfiguration managemerto capture

and control their datg31]. Changemanagement wasliscussedut, for fast clockspeed industries only

with time-to market being a key aspect in inttucirg fixes or improvements.his is not appropriate for

ETO productlevelopmentdue to their long development lifecycl&TQoroductsmanage change ake

BoM matures over many years atftese changes become more critical as the lifecycle matures and the
impact exponentially increaseRangaret al.did not provide detailed guidance of managing BoM, change

or configuration management in PLM implementation. Theyposed using virtual prototyping to reduce
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change butdid not discuss the challenges faced by a detfigih was not fully mature at the pointvhen
manufacturing has started, and the resultant change managerimepact. Whyteet al. confirmedthat

there were gaps iriterature relating toconfigurationmanagement and systems integration in complex
products, andcited research undertakerby Airbus, CERN and Crossiail]. They statel that more
researchwasrequired, including:understandinghow configuration items are identified; when baselines
should be struck; and with the relationshiptiveen configuration and change managemeélitey statel

that researchers could develop frameworks for understanding how change should be implemented in
different circumstances.

lakymenko et alhighlightedthe importance of change management on ETO prosldee to engineering
change beingnevitable[90]. They compareddifferent product typesandconcludedthat changeon large
volume productds implemented in thelesignprocess or in the nexeleaseof abatch productionrun;
this excludessafety related issues which may mean a product recall. They stated thisamh was
common in industries such amutomotive, electronicsand software. They highlighted that for ETO
products changes can be included in the current customer order which may have a significant dupact
to design, production and procurement actigs being undertakenconcurrentlyto shorten the NPD
lifecycle.Theyidentified severalchallenges

1 hange propagation control which relatesd¢onsequentiathangeand change on change

1 Impact on procurement where customis@dmsare produced only fothe ETQproductandmay

have to be alteredor items already ordered may no longer be required;

Impact to poduction activities such as stop work notices or rework due to change;

Knowledgemanagement where there is difficulty in identifying the reasongfavious changes

which may assist in managing reoccurrence; and,

9 Collaboratiorand integration where those stakeholders who are geographically dispersed and/or
working within different disciplines are affected by a change

1
1

lakymenko et alstated thatempirical studies are required to supplement academic research into change
management and recommended that additional research is required to address change management on
ETO products, specifically: change propagation control; production and supply chait; iogfiaboration

and integration; knowledge management; ah# solutions to support change processes.

Hicksand McGovern discussed in detafirious approaches to manage product devehgmt, such as

with Capability Model MaturitfCMM)and stagegates, but thesalid not provide detail on managing the
configuration of the BoM in ETO products arsdelationship to maturity9]. They did providea means to
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and propagation of change across engineering disciplinesderdo ensure the design is consistent.
Karkkaineret al. stated that academic PLM research is relatively young and suggested that CMM could

be used to determine the maturity of an organisation to implement HRY). They stated that the

maturity models available to determine PLM readiness are generic and require tailoring to a specific
organisational need. They provided no solution akdur this could achieved for PLM implementation on

ETO products.

Séaaksvuori and Immonerovided a possible information model for shapnstructionwhichillustrated

the high levelrelationship between documents, design systegeometry, schedule and co$l7]. They

also provide a high level producdstructurefor the designThere is naliscussion ondw thisinformation

can be managed as the desiguolvesthrough the long NPDifecycleof a ship. They only discussed
maturity in the context of business readiness for PLM, not how PLM can be used to manage product
maturity. They described the importanad# change and configuration management ahét it can be
enabled by PLM. Thayent onto provide details on change objects and workflows in PLivy didnot
discussthe change and configuration management challenges in @d@uctsand how they can be
overcome, such as managing and controlling evolving product maturity through the lifecycle of ETO
products.
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Stark describedhe BoM as a hierarchicatructure of the elements which make up a prodye7]. He
went onto state that there may be several BoMs suclthesEngineering Bill of Material (EBoM) and the
Manufacturing Bill of Material (MBoM).atlescribed configuration management aitd importancein
long life products;the elements of change management within PLM weaileo described. Product
maturity was briefly discussed but was not covered in detail. There wa®lution provided as to how
ETOproductscould overcome the challenges of emergent issues facing the BoM. The evobiingty

of the NPD on ETO products was not discuseeavas there a solution provideid relationto managing
the configuration and change to provide informatiadalsility to the product through life.

Kamphuis et al. descridenterconnected product systems and how theyutd be influenced by change
as well ashow managing product informatiowas importantto the product development lifecycl®5].
Electronic Document Management aR®Msystemswvere regarded by Kamphuis et aknecessarybut

the capabilitydescribed walimited inits functionalityin canparison to mature PLM environments. They
did not address the challenges of an evolving BoM and the need for managing makustinformation
management syems implemented to manage the Auf Shalkeject were designed to organise the
information and m&e it retrievable. Tis was straightforward in comparison to managing emerging
patterns and the basic nature of the system, Bxcel spreadsheetdemonstratal the low level of
functionality of their product infamation management capability.

The management of product information in AEC projectsas discussedby Borrmann et al. where
challenges such as large files make it impossible to createduétrBreakdown Structure (PB&)ich is
necessary for PLM environmentso Nolutionsor guidance to solving wagesented and theravasno

mention of maturity or change challeng§®6]. Borrmann et alstated that a new initiativewas being

formed to attempt to improve product information management in AEC projebist it focussed on

rudimentaryPLM and not the challengeseidtified with ETO product delivery.

Tegtmeieret al. statal reasons for poor information management in AEC projeese due to disparate
organisations in the design process aatbq that they have heir own systemghat did not allow for

interoperability[100]. They alsestatedthat 3% of project costs are due to interoperdlyiissuesas most
information exchange is via emaigther thanworkflows or robust information exchangecessary for
PLM environments. Theyighlightedthat civil engineering projegtartnerstypicallymanagel their own

data, which wasormally file baed, with most of the design information based on 2D drawings.

The literature describeBroductinformation in AE@rojects asmanagedwithin Excel spreadheets or
industry specific systems such as Electronic Document Management Systems @&DBIBjress
Information Modelling (BIM)whichwere limited intheir capability to manage complex product data in
comparison td®DMsystemg69]. The fragmented nature of AEC projects results in limited data standards,
meaning interoperability, i.e.data exchange, is extremelyifficult. The literaturehighlighted that
improvementswere necessary but focsss on the management of CAD data for geological information
management. It does not cover the challenges discussedrature PLM environment for ET@oduct
delivery.

Froese statd that information management systems in the AEC indusirg immature [67]. He
highlightedthat during the design phase€ yt & GKS | NOKAGSOGAaQ RNIgAy3Ia
integrated product, until the actual physical product begins to appear.ditiéss significanticompared

to ETO products such as naval ships where there is a huggtnment in providing a BoM and 3D models

of the integrated product, albeit the BoM and models are subject to change due tgribduct
development process behaviowxperiencedthroughout the evolving lifecycleXue et al. discussed
managing product infor@tion in a largescalecollaborativedesign environment but id not provide

detailed guidance on how the information should be manafgsl.

Sharmaand Kim statd that no PLM systescould currentlymanage thecomplete lifecycle of a shi7g].
Theysuggestedhat this was due to a lack of integration ofPLMsystem modulesand describd the
different components of shijmformation. Noapproachwas proposed to managenaturity and aligning it
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with the emerging needs of the product deliverfheyfocusedon the development of a bespoke PLM
system. The PLM environment itself is a system of systems and no single system can be designed to
manage all aspects of the ETO product deliaryhey are all designed to perform specific functions as
illustrated in Figure 3. Insteadthey must be configured and integrated in such a way that the
organisational objectives carebrealised and the evolving lifecycle managed.

Johnsonet al. recognisé that the maturity of the designevolves through thedesign and buildf a
submarine and change to a mature design valiéa an impat to the programme. Howevero mechanism
for managing thisvasproposed[79].

Leeet al. highlighed that in shipbuilding BoMs differ fromMTS and AT@roducts as the BoNdecomes

available gradually as the design progresses, andtinues after manufacturingtarts [38]. They

describal that in contrastto ETOshipbuildingproducts, MTS and ATO have a mature BoM before
manufacturing beginsThey proposd the creation of an integrated BoM across the organisatlon
structure in an integated PODM/CAD and ER&hvironment whichwas achieved usingn enterprise BoM

to link the BoM across multiple lifecyghases They statel that therewast A GG f S NBa Sl NOK
ETO products, with most of the focus on ATO, MTO and ME®t al. proposed a prototype structure
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demonstrate it. Whilstthey recognisedhe key challenges of BoM management in shifibng and

proposel the use of evolutionary BoMbey dd not provide detailed guidance on PLM implementation

such as how the BoM configuration and its relationship to maturity should be managéedather
focussedn the implementation of prototype tdmology to explain theievolutionary BoMproposal.

Gomez et alproposel a PLMdata structure whichincluded a BoMto facilitate the implementation of
PLM[35]. Theydiscussed the challenges of managing data structures but used a small sample of non
complex product types and ditbt addresgshe management oftie individual components in the BoM to
reflect the evolving maturity in the lifecycl€hey suggesdthat their approach wuld help supportPLM
implementations by improving the structure of the informationudeda basic configuration of a PDM
system asn example of an ais model, where the system (Teamcentegs only used to store CAD data
while other functionality, such as workflowsere not used.Their researcimaderecommendations that

the company would need to build a complete data structurestemise its PLM system to enable the use

of its capabilityand improve compatibility with other systems.g., ERFHowever they @ not provide

the detail required in order to achieve these complex objectildgs mechanism is suggested as to how

to achieve this. Tlese recommendations wouldot address the PLM needs of an ETO product such as
managing the maturity of the evolving BoM to mitigate risk when changes to the design will have a
significant impact to the product.

3.6 Project management

Section2.4.7 described howNew Product Developmemwithin ETO haa history of cost and schedule
overruns and that PLM must provide a stable environment to manage the evolving product maturity as
change can have a significant imp&atenbug et al. stated that PLM is important to manage the product
throughtlife but provided no guidance on how this can behieved19].

Hicksand McGovern staigthat ETO productare typically developedithin projectbased organisatios
whichhave aquiredthe requiredexpertiseto support the project managemenincludingthe adoption
of stage gateg9]. They dd not however discuss how the project management should be adamed
manage theemergent behaviouwithin the projectto avoid cost and schedule overrurhigs surprising
given the level of risk management which must be implemented to mitigate any chaadbe agreed
cost and schedule which may occur during the lifecycle of the product.

Saaksvuori and Immondnghlighted that PLM can be used to support project management processes
such as improving the quality of planning, which can enable a reduatemgineering changes late in the
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delivery lifecycld17]. They did not discussr offer a solutim, as to how cost and schedule in the gradual
evolution on ETO NPD can be managed by PLM.

Stark discussed cost and schedule overruns aenamberof product types both for NPD and-gervice

[27]. These product typemcluded aerospace automotive, computers and naval ships. He discussed
project management concepts and software systems but didpnovide guidance on how the cost and
schedule can be managed on ETO products when manufacturing begins before the design is fully mature.

Kamphuis et al. discusset a high level the need to decompose prodsdb manage interactions
between discipline but there were no detailed proposalsf the practical application of achieving this

[95]. Barmannet al.discussed howhe PDM system could be used to improve data management in the
19/ AYRdAzZAGNE odzi GKIFIG LA FYYyAy3a FyR O2yaidNHzOGAZ2Y
which impacts project managemef6]. Tegtmeier et aldescribed thedifficulties in establishing a
coherent and consistent view of theveralldevelopmentstatus of AEC projects due to the fragmented
nature of the stakeholders which retain and manage their information individ{&0l§)]. This would be
unacceptable in extended enterprises such as aerospace or naval shipbuilding where product information
must be published to a master environment for cgufiation control. This stakeholder arrangement
described by Tegtmeier et al. alswreases the risk afata being lost once a partner has executed their
part of the project.The onfiguration and record management and archivinpgcomparisons deficient

and couldresult in poor project management executiofhey statedhat improvements are necessary

but focusse®n the management of CAD data for geological information management and does not cover
the project management challenges and the relationshigth PLM environments for ETO product
delivery, such as schedule management using planned data provided by a supplier.

Froesestatedthat due to the complexity of construction projecthe project manageis challenged with
integratingindependent work packages to ensure that the inputs and outputs have the necessary detalil
and that asfew peopleas possibldave the responsibility for optimising the whole proj¢é¥]. Froese
stated that more effort should be made to improve thsupport for theseinterdependencies in
construction projectsHe proposed that thre should be multiple view® provide access to integrated
data, including product, schedule, cost and build but further developmestrequired on management
practices and technolog¥=TO productievelopmenthasthe sameproject managementequirements

and the focusis on attempting to improve their use as there have been demonstrable issues with due
date and cost performance.

Xue el alundertooka literature review on IT to support collaborative working in the AEC ind{&fy
focussing orthe concept ofCollaborative GConstruction Project Management (CCPMJhey considered
areas such as impred communication between workers using wireless technologies and basic data
exchange mthodologies using XML. It stat¢hat construction industry projects contadd fragmented
organisational elementdNo guidancefor improvng project management practicaés this respecusing
product data management systems for civil engineering projects made, other than saying further
researchwas required.

Sharmaand Kim statd that shipbuildingwas described as aamstruction process as opposed to
manufacturing production75]. They discussd an actvity-based approach teship construction and
statedin adopting such an approachut did not provide a meaningful way to s@vthem, other that
providing a bespoke PLM system which would have integrated design and project management modules.

Johnsoret al.recognisel the unique nature of project managementlTO productdue to the evolving
programme, loit also thatlearningfrom experience (LFEpproves from oe submarine to a later vessel
[79] but no detailed guidance was provided.

60



3.7 No physical prototype

Section2.4.8described that a challenge of ETO prodwess thatthey do not have a physical prototype
to test the design, manufacturing, cost and sched8keéksvuori and Immonestated thatprototypesare
produced before a neygroductis introduced[17]. They did not discuss hagwoductswhich do not have
physical prototypes can be manageasing PLM.

Stark stated that one of the cause$ seriousproblems with a product may be due to the lack of
prototypes[27]. He stated that virtual prototyping applications can be used to represent physical products
to analyse and test a product without a physical prototype. He did not present a solution to how this
would overcome the challenges NPD of an ETO product when manufacturing begins before the design
is complete.

Andradeet al. stated that there is a lack of literature for PeMpportingship desigri101]. They stated
that the majority ofPLM literature related to advertisements from softwaproviderssuch as Siemens.
They went ontostate that virtual prototyping could assistwith ship design but provided no detailed
solution as tahow this could overcome the changes with Eir@ductNPD.

Rangan etl. alsousedan example of developing a virtual prototype for creating ship sys{@ijsThey
detailedthe challenges of integrating ship systems, processes and technologyidonbdt addressthe
aspects of manging an evolving prodit design andmanufacturing procesgh ETO deliveryand the
emergingchallengesvhich are unique to these product typeRangan etal. described aPLM system
implementationwithin automotive, aerospaceral shipbuildingusing a Virtual Prototyping Environment
(VPE). Automotive and aerospace differences with ETO produasiean discussedithin Section2 but
VPE in this contexelatesto the design of ship systems. differed from the wider challenges of ETO
products as itfocussedon the integration of systems, processes and technology in order to better
understand requirements, improveonfiguration maagement, improve collaboration and redudesign
iterations. Thesevould be benefits butthe VPE didhot solve the challenga®lating tothe management
of the evolving BoM, the maturity of the information provided by the supply chaianagement of
change and the resultant impact on the lifecycle of the product.

Hicksand McGovern recognisatie complexity and lifecycle &TO productsand suggestedhat stage
gateswere useful in mitigating riskut therewas nodetailed discussion on how to manage #rmaerging
patterns andsupport PLM implementationto mitigate the risks of having no prototyp®]. Froese
describedthe use of virtual prototyping for managing project informatiout stated that the workwas

conceptualand did not discussa solutionin detail [67]. Johnson etal. describedthe use of virtual
prototyping for managing project informatiobut that the workwas conceptualagain therewere no

detailed solutions presented to manageethisk of having no prototype and how Pldguldbe used as
the enabler for risk mitigatiofi79].

3.8 Summary

This section provided a critique on the literature relatingPibbM implementation frameworks and the
characteristics othe challenges of PLM implementation on ETO productdeasribed inSection2. ETO
products have been identified as having the following key challenges with PLM implementation to meet
business objectives:

Complexity and uncertainty

Customelinteractionand procuremertt

Product customisation

Bill of Materia) configuration, cange and maturity management
Project managemeniand,

No physical prototype

=A =4 =8 =8 -8 =9
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The literaturereports onPLM in detail and why it is important, including definitions and challenges and
in some cases how they can be overcome. It prayiglddance on PLM im@ientation, but significantly
they lack detail in order to solve the challenges of ETO products described in Séctaiher words they

do not provide the necessary business contédie majority of the literaturdocussedon non ETO
products those which did include ETO did not providetieeessarguidance to overcome the challenges
of PLM implementation otheseproducts.The literature which included PLM relating to ETO products
either recognised the need for further remeh as ncsolutionwas available or did not provide a viable
solution. Therefore PLM literature does not enable implementation for ETO products as the guidance is
generic or for other product types which do not address the unique nature oNFPDUNderaking the
review based on the ETO challengesmbleda direct critique on whether the PLM literature address

the challenges experienced by ETO prodaatdconfirms a gap in knowledge in relation to the significan
contribution of this research

5 PLM challenge discussed with viable solution proposed for ETO products

Table4 shows a synthesis of the literature review critiqued against these challenges. It summarised
whether the literature discussed these challenges to the extent that they are either:

Not discussed 0

PLM tallengediscussedut not in context to ETO productsl,;

PLM tallengediscussedn context to ETO productsith no solution provided;, 2;

PLM challenge discussedth solution proposedvhich isnot viable for ETO products3;
PLM challenge discussed with s@ut proposed folETO products with no detajl4;
PLM challenge discussed with solution proposed for ETO products which is viable

=A =4 =4 =8 -8 =9

AEC industriesvere examined as thegre required to managencertainty but do not have the same
challenges in emergingroduct development processes behavioursuch as they do not start
manufacturing before the design is complete. It was also clear that AEC indbstviesnade progress

with BIM, but lack PLM environments and can therefore provide limited assistance imgadive
challengesvith PLM implementatiorfiacing ETO products such as naval ship and submarine construction.
Other authors propose solving thETO PLMhallengesby building bespoke PLM systems. These
approachegio not solve the problems describaghd akodrive additional challenges into the product by
managing and building a bespoke IT system. Customisation in the design and the variations in production
processes are discussed but no solution is proposed.

The literature acknowledgethat ETO products v& an evolving BoM and that there is a high level of
change which impacts the delivery, but no effective proposals for managing thesepresented.
Aspects of the problem are described in the literature in detail, such as customer influence early in the
design lifecycle but, once again, they lack any detailed guidance on how they can be solved or how they
relate to other product typesThere are individual elements of PLM implementation guidance including
frameworks, but there is not a complete framewoitr PLM implementation on ETO products
summary the problem characteristics of ETO proddetvelopment includingcustomer interaction in the

supply chain maturity management no physical prototype; product customisation and, project
management necesities mean that no single approach used on other product types, such as ATO, can be
utilised
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Assessment Characteristics

Literature source

Complexity and
uncertainty
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[9] Hicks and McGovern

[17] Saéksvuori and Immonen

[27] Stark

[28] Terzi et al.

[31] Rangan et al.

[33] Tang and Qian

[35] Gomez et al.

[18] Schuh et al.

[38] Lee, Kim and Lee

[45] Bakis, Aouad and Kagioglou

[56] Bokingeand Malmqvist

[66] Borrmann et al.

[67] Froese

[75] Sharma and Kim

[79] Johnson et al.

[90] lakymenkeet al.

[19] Batenburg etl.

[21] Karkkainen et al.

[95] Kamphts, de Ridder an&chemers

[96] Xue et al.

[97] von Rosing et al.

[98] Corallo et al.

[100] Tegtmeier et al.

[101] Andrade et al.
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0 Not discussed

1 PLM challenge discussed gt in context to ETO products

5 PLM challenge discussed in context to ETO products with
solution provided

3 PLM challenge discussed with solution proposed which is
viable for ETO products

4 PLM challenge discussed with solution proposed=o©
products with no detail

5 PLM challenge discussed with viable solution proposed fq

ETO products

Table4 Synthesisof PLMliterature within the context of ETO product development.
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4 Research methodology

WA philosophical stanaef worldview that underlies and informs a style of reseGtb2].

Kotharidescribel theresearch methodtmgy as the logic used to conduct the research gacbarticular
methodsthat were identified and undertaken in the context of the problg¢&03. The methodology
explairs how the research methods support the determination of the research results so that it can be
evaluated or repated by otherslt also describsewhy otherresearchmethods wereeither less, onot at

all suitable. The methodologshoulddescribe how the research problem has been definad howthe
hypathesiswill be proven. It provides the boundaries and architectureytstematicdy solve the research
problem in a sentific way to create the significant contribution to knowledgehe nethodology
representsa combination of techniques for data collection and analysis which provides a link between
theory and methodologiesConsequentlyit also describes how the data collected andthe results
determined The research methods are those methods and techniques which are used to conduct the
research prove the hypthesisand ultimately solve the research problerihe method reflect the
approach to selecting and construagi the research technique, while the technique is the rapgh to
conducting the research. In summatlye methodology providethe scientific reasoning of what methods

are used to reach the research objective.

The election of an appropriatgesearch metbdology demonstratesthat the researcher has a good
understanding of the various approaches available and that the most appropriate has been identified,
demonstrating that the research has a robust architecture. The methodabguld provide the link
between the aimyesearchguestion and the significant contribution to knowledge as well as the ongoing
research itself

Thissectiondescribes the methodology adopted for this research including the research philosophies,
approach, strategy and data collemtimethod.

4.1 Research philosophies

EasterbySmith et aldiscussed three main perspectsfeom a researche® point of view to the research
problem Ontology, Epistemology arMethodology[104]. They statd that it is important to consider and
choose the appropriate philosophical position for the research to enabledlseresearch outcome. This

is due to the researcher considering what evidence should be captured and reviewed and how itgrovide
answers to the research questions. It also assistietermining the research digg to establish whais
appropriate to ackeve the research aim

The mtology is thephilosophicaperspectivd: 6 2 dzi G KS yIF GdzNB 2F NBIFf A&z ot
and valuesWand and Weber descrideh (i albranchubf philosophy concerned with articulating the

nature and structure oftte world(J105]. The ontological questiomepresentsthe form of the nature of

what is reality, and what can be known abou{iogl® LG Aa AYLRNIIYyd G2 dzyRSN
ontological perspectivess this will dictate how the research is carried out. For instaaaesearcher

with a realism ontological persptive believes that there is a single truth, that facts exist and that they

can be revealed, such as through observation or measurements. A relativism perspective is that there are
many tuths, meanings and facts dependeon the viewpoint of the actors ithe environment[104].

Thuswith an ontologtal perspective of realism, a realist would fendquantitative research approacs

being most appropriateas the truth can be captured through measurement such as surveys. Whereas

with relativism, a relativist believes that truth evolves and changesddimg on a point of view, so a
gualitative research approach would be suitabsengstructured interviews and case studies example

The gistemology isa set ofperspectivesabout ways of inquiringnto the nature of the world.tlis the
theory of krowledgeand justification,and how it relates to belief and optiongrom a philosophical
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viewpoint it asks how we know what we know to be true or fatsel what approach we need to take to
gain further knowledge, which is worth knowingnd how we knowtito be true [107]. Within this
research,tiis particularly important fothe researcher to understad the epistemological perspective to
ensure assumptionare not made solelpn the basis ofwhat the researchetbelieves to be tra. Any

LR GSYydAlFf o0Ala | & dxpelsBciotirde SubjecEmaiieknBuldhdaydidedSdarkpeND &
of this ae with the selection of the participants for interviews and the creation of the interview questions.

The epistemological perspectivef this researclis based on a belief that experiencprhctitionersin the

fields of PLMare ableto provide knowledg to contribute tosohingthe research problemHowevetthe
choice of questions may lead the participants iptoviding answersvhich the researcher believes to be
true due to bias, and not those which actually contribute to solving the problem. Theretose
epistemological position will be used to support the practical and effective application to the creation of
new knowledge which can be justified as being true. An understanding of potential bias etiables
research methods to be designethd choserto ensure that the right knowledge can be captured and
justified using the techniques described in théxtion

The methodology perspective provides the link between the theory and the methodologies and is how
the researcher finds out what they believe can kmown. The methodology perspective helps the
researcher to identify the tools and techniques to undertake the resear@ascientifically rigorousvay.
Thismust be determined by the epistemological and ontological perspectives since the methodology will
have differing degrees of objectivifl06. An exampleof this would be a researcher with a realist
ontological perspectivéhat may believe that results could be determined thrbugxperiments as a
technique, as there is a single truth to be found.

It is important to relatephilosophies to the paradigm used to understand the resea@hégew of the

world, and therefore to guide the research. The appropriate paradigms can be fiddntirough
understanding the philosophical perspective of the researcher and can therefore be used to explain how
they have influenced, informed and guided the resedd®8]. The paradigm can be describedaabasic

belief system based on epistemological, ontological and methodological assum|gdiiighs

There are multiple debates on paradigms and their appropriateness to research approaches due to the
difficulties in determining which is most appropria2dzo I ' yR [ Ay O2fy adl SR (K
basic beliefs, are napen to proof in any conventional sense; thereignb @ G2 St SO S 2y S
[10€]. They statel that the beliefs are basic in the sense that they must beegated simply on faith
OK26SOSNJ Sttt | NHAZSROT GKSNB Aa yPOEgThs isdue toSall ¢
philosophical assumptions and paradi§ 6 SAy 3 AYISNNBfIFGSR FyR RS{SNY
the world.Gubadescribe&l competing paradigmwhich are usegbarticularlyin qualitative research, these

include positivism, posipositivism, critical theory et ab 4 KA OK A y O edigestians suéhaa N f
critical science, poststructuralism and postmodernism), and constructidig) as shown irrableb.

Other authors addo, adapt and debate these paradigms such as with Merriam and Tisdell who discuss
positivist/postpositivist, interpretive/constructivist, critical, and postmodern/poststructyed9 and

Swanson and Holton who focus on positivism, interpretivism and critical science for their work on
research in organigmns [110]. These examples show that thereeadifferent ways of describing
AYGSNNBfFGSR LI NFYRAIYAE RSLISYRAYy3I 2y GKS | dzi K2 NI
dza SR (2 &dzlJLI2NI |yé NBaSHNOK gAtt dAf AYIFGSte oS
assumption and are, #refore, used to evidence the selection.
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ltem Positivism Postpositivism Critical Theory et al. Constructivism

Ontology Naive realismc WNB | £ ¢ Qitical realism¢ W NB | £ | Historical realism virtual ~ Relativism- local and
reality but apprehendable reality but only imperfectly reality shaped by social, specific constructed
and probabilistically political, cultural, realities
apprehendable economic, ethnic, and

gender values;
crystallised over time
Epistemology Dualist/objectivist; findings Modified Transactional/subjectivist; Transactional/subjectivist;
true dualist/objectivist; critical ~ valuemediated findings  created findings
tradition/community;
findings probably true

Methodology Experimental/manipulative; Modified Dialogical/dialectical Hermeneutical/dialectical
verification of hypotheses; experimental/manipulative;
chiefly quantitdive critical multiplism;
methods falsification of hypotheses;
may include qualitative
methods

Table5 Basideliefs(metaphysic} of alternative inquiry paradigmg106]

For the purposes of this research and its focus on research within organisations, positivism, interpretivism
and critical science are described, followed bidence to support the selection of the paradigm used to
3dzA RS GKA&a NBaSINOK oFaSR 2y (KS NB onTJabdDdEaS ND &
discussed in more detail within the following paragraphs

Gephart described positivism as a view that the objective world exists and that it can be measured and
mirrored using scientific methods to uncover relationships between variables and uses quantitative
measures to test and verify hypothes¢$11]. Positivists, therefore, would have an ontological
perspective of aeality which exists and can be found, and an epistemological perspective of knowledge
gained through objectivity which to be maintained would require research undertaken at a distance.
Therefore this would influence the methodology, with quantitative hmds such as experiments being
appropriate as shown in Table 6.

Interpretivism, which is related to constructivism, assumes that knowledge or meaning can be gained
GKNRdzZAK (GKS YSYOSNEQ 2N FOU2NBQ AvydSNhsbBjéctva A 2y
experience. Whilst interpretivists seek to understand the first person view they also attempt to disengage
from the experience in order to objectify[it12]. However they still construct meang though interaction

with the environment. Interpretivists, therefore, would have an ontological perspective of relativism as
they believe there are many truths, facts or meanings based on the viewpoint of the actors in the
environment. The epistemologitgerspective of an interpretivist is subjectivism as there are only
subjective truths and it is interaction with the actors, or participants, in the research witcoeete the
meaning and ultimately the findings. So, a researcher would accept the meahagiewpoint of the
participants through capturing the subjectivity of their experience. Therefore, the methodology would
be qualitative in nature where the researcher would interact with the participants to capture and
interpret truths, meanings and knvledge through capturing patterns in the results. The tools and
techniques used for the methodology must be carefully selected to ensure that results are evidenced and
can be objectively proven to ensure the findings are not contaminated with untrutheanty evidenced

facts. Interviews can be undertaken with robust instruments to capture, analyse,-r@@ssnce and
describe the results to provide a consensus on the knowledge generated.

Critical science is a combination of critical theory and postmuader created by the Frankfurt School in
Germany to combine the work of a number of philosophers and political theorists, such as Karl Marx and
Immanuel Kanf113. As stated above, Guber and Lincoln term all related critical science paradigms as
critical theory et al. with the argument that they all relate to the epistemological assumption of value
determined inquiry related to, amongst others, social, economic and political {dl0€és The ontological
perspective is historical realism, which states that what is real is shaped by, amongst others, social,
political and economic factors, as shown in Table 6.
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Positivism Interpretivism Critical Science
Assumptions | Obijective world thascience can Intersubjective world that science | Material world of structured
mirror with privileged knowledge can represent with concepts of contradictions and/or exploitation that
actors; social construction of reality can be objectively known only by
removing tacit ideological biases
Key Focusr | Search for contextual and Search for patterns of meaning Search for disguised contradictions
Ideas organisational variables that cause hidden by ideology; open spaces for
organizational actions previously silened voices
Goal of Uncover truth and facts as Describe meanings, understand Uncover hidden interests; expose
Paradigm quantitatively specified relations members definitions of the contractions; enable more informed
among variables situation, examine how objective | consciousness; displace ideology with
realities are produced scientific insights; change
Nature of Verified hypotheses involving valid, | Abstract descriptions of meanings| Structural or historical insights revealing
Knowledge | reliable, and precisely measured and menmbers and definitions of contradictions
or Form of variables situations produced in natural
Theory contexts
Criteria for Predictionexplanation Trustworthiness Theoretical consistency
Assessing
Research Rigor; internal and external vaiig, Authenticity Historical insights
reliability
Transcendent interpretations
Basis for action; change potential and
mobilization
Unit of The variable Meaning; symbolic act Contradictions; incidents of exploitation
Analysis
Research Experiments; questionnaires; Ethnography; participant Field research; historical analysis;
Methods secondary data analysis; quantitative| observation; interviews; dialecical analysis; deconstruction;
and Type(s) | coded documents conversational analysis; grounded| textual analysis
of Analysis theory development
Quantitative: regression; Likert scalin{ Case studies; conversational and
structural equation modelling textual analysis; expansion analys
Qualitative: grounded theory testing

Table6 Alternative paradigms foresearch in organisatiorj$ 10 adapted from[111].

Through hese philosophcal stancesdescribed above this researcher believes his paradigm to be
interpretivist with the related ontological perspective of relativist and epistemological perspective of
subjectivism. This has influenced the methodology to be qualéan nature. Based on the understanding

of his philosophical assumptions, this researcher is able to define an appropriate research approach to
generate the significant contribution to knowledge. As an interpretitiet meanings, truths, facts and
ultimately knowledge will be derived through capturing the interpretation of participauitsare experts

in PLM implementation on ETO products. With an ontological perspective of relativism there are many
truths based on th viewpoint on the participants. hfough his epistemological perspectjvié is
understood there must be interaction with the participants to-aeate the findings. A qualitative
approach also supports a deeper understanding of issues relating to a particular case study which is
described @irther in the following sectionfl14).

4.2 Research approach

aSNNARIY | yR ¢ AnXi®ldS frdm edudation ® Bocial Warkd#mthépology to management
science, researchers, students, and practitioners are conducting qualitative studies. It is not surprising,
then, that different disciplines and fields ask different questions and have evolved somewhat different
strategies and mcedure®They go ontsummarisegualitative literaturethat coversdifferent qualitative
research approaches. Due to this variety they chose to present the most common qualitative research
approacheg109]. Thesdnclude
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1 Phenomenologyq a focus on peoplef2experience and how experiencing something is
transformed into consciousness byterpreting it. It is useful for studyingemotional human
experiencegelating to certain phenomenon. As Plkfuiresin-depth analysis of engineering
products thisapproachis notsuitable for PLM implementation on ETO guets

1 Ethnographyg a research process whidbcusse®n human society and culturgsing field work
There are cultural elements to PLM but it also includes process, information and techacdogy
therefore not solelysuitable for PLM implementation on @Tproducts

1 Grounded theoryg the creation of a theory from the ground up using data collected by the
researcher This approachan be used with thematic analysis to enable the coding of information
based on data collected and subsequent analysis. Thisoapp was consideredor PLM
implementationon ETQAJNE RdzOiéia a4 G4KS dzasS 2F GKSYFGAO Iyl f
paradigm ointerpretivistby obtaining knowledge from participantghis is a candidate approach
for PLM implementation on ETO pratds.

1 Narrative inquiryg analysis of peoplé&ccounts of experiencdhat are told in story form with a
beginning, middle and endnd are therefore not suitable for PLM implementation on ETO
productst & aG2NBQa FFNB y20 | LILIpdduN | 6 S F2N O02YLX SE

1 Case study in-depth description and analysis of a bounded syst@ase studies can be applied
to ETO productandthis is a candidate approach for PLM implementation on ETO products.

1 Action research focussen solving a problem in practi@d implementing change during the
research proces®ue to the long lifecycle of ETO products solving problems and implementing
change during the research process is applicable, this is a candidate approach for PLM
implementation on ETO products.

Actionresearch is a theory first developed by Leylih5 and is describetly Reason and Bradbury,
participatory, democratic process concerned witkeveloping practical knowing ithe pursuit of
worthwhile human purposg, grouned in a participatory worldviewhich we believe is emerging at this
historical momen€]116]. Action researcheflectshow participants make meaning or interpret problems
in their environment and can be conducted as an insider or outsider. It also uses these actors to contribute
to solve these problems or to generat@derstandng on the environment itself.Hey also influence the
methods or direction of the research as understanding is captured from the rd40# There are
various types of action research which differ based on the approach or the level of collab¢idthn
Once such type ifarticipatory Action &search (PARyhich Greenwood et aldescribedas@ form of
action research in which pre$sional social researchers operate as full tolfators with members of
organigtions in studyig and transforming those organisations. It is an ongoing orgaoisl learning
process, a research approach thamphasiges colearning, participation and orgarasional
transformatiorQ[117]. PAR is an approadhat enables a change through remeh which can be
implemented in a practical wayt16], [118].

PARis awell suitedapproachf 2 NJ G KA &4 NBASF NOKSNRA LIKAf2432LIKAOL
with actors in an environment to solvepaioblem and to gain knowledgé&his is well aligned with the
significantcontribution to knowledgeas the frameworlshouldenable change ith the implementation

of PLM in Engineer to Order products to enable organisational objectives. Pesttaech seek® enable

change withiran organisation as a key objective, PAR is a suitable approach.

Greenwood et al describal PAR as% highly colaborative process between expert researchers and
members ofthe organisation under study This choice of approach is further supported by the
NEASFNOKSNRAE 2NHFYyAaAl GAZ2Y LINPOARAY3I NBaz2dzaNOSa (2
Greenwoodetal. 32 2y (2 & 0 anle@ergéri pracess largely éodtrolled by local decigbons

andds a powerful way to resolvamplex organisational problerfd.17], two key criteria of the research

The esearch strategBAE Systems Naval Ships is undertakafigcts a majorbusiness improvement
initiative with a view tovinningglobalexport orders and continuing to be the lead N&val Ship provider.
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PLM has beeidentified by the businesss being core to achieving this gaald being a key differentiator
for UK export business winnirf@1, 119. The results of this research will be a major contributor to
realising these business objaas.

The researchstrategy will be to use major ETO products to evaluate PLM implementation and will utilise
PARo bring about changewhere appropriatewithin the Type 26 programmdhe results of this change
arediscussedn Sctions8 and9. The case studgpproachhas beeridentified as a well suited approach

to suppliant PAR asis important for the researcher to gaiknowledge of the context of the research
and the processeflL2(]. The case study is described3ction 5 and with the findings of the research
cross referenced with the caseusly inSections8 and9.

The research also involves an empirical investigaiging multiple sourcemito a real lifeenvironment
which supportghe use of PAR and case stydif21]. TheType 26 progname will be the main case study
to contribute to the development of the framework and to evaleats usefulnessTriangulation from
other ETproductswill be used tadevelop the frameworkandevaluatethe research imwider context
This shoulegnsure thatthe findings provide value and atsderstoodand thatthe problem solved is not
limited to a single business entit}i22]. The followingproducts were identified as accessible to the
researcher and appropriat® develop the framework:

UK Type 26 Global Combat Ship
UKQueen Elizabeth Aircraft Carrjer
UKType 45 Destroyer

UK Submarine Suessor

Australa Landing Platform Helicopter
Australia Air Warfare Destroyer
AustraliaHunter Clas§rigate Programme
CERN Large Hadron Collider
USArleigh Burkédestroyer

Canadian Surface Combataand,
UKSellafield Nuclear Power Station

=4 =4 =4 =8 -8 -8 a8 -8 a9

Yinhighlighiedthat case studiesnay bevulnerable in that theyproducesignificant amounts of data which
are then generalisedand may result in researchersnaking invalid, incomplete and erroneous
interpretations[123]. He proposes that case study research should have clear désitpre any data is
collected To mitigate this riskPAR will be used and the results referenced back to the otigineata as
described irection6, i.e. the key points from the interviews. AlSagction5 will describe the approach
to developing the case study and how this was embedded into the organiahttiategy.Siggelkow
stated that case studies are important for demonstrating the value of a research question and useful for
identify ideas and concepfd24]. The exampl¢hat iscited iswith regad to the talking pigi.e.,you only
need to identify one talking pig to prove that they are capable of intelligent thaujie Type 26 case
studywill demonstrate the value of the research by describing how guidance from the framealatks
to an indudrial PLM implementationthis is explained iection 9. Saunders etl. describedtwo time
horizors for researci{122):

1 Cross sectionalvhere information isapturedat the same time but in different contexttt is an
observational aidy at a single point in time that would include different subjects, such as age
groups.

1 Longitudinal where data is captured over a long period of tinfdnis data is capturethrough
observation and can takenanyyears the benefits being that changes cha observed over a
longer time period.
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The timehorizon chosen for this researchill be longitudinal as thease study desigrdata capture
framework developmentand evaluationwas over a period of approximatelgight years during the
lifecycle of Tge 26.

4.3 Research design

A formalised approach to the research was required which would provide quality through proven and
scientificallyrigorous techniques to assist ihd development ot framework forPLMimplementation

on ETO productsThe approach wdd also provide a roadmap for describing the research design and
enabling measurements against progress. For instance the schedule for the resaaliciked to phases
using the research design to measure performance against the plan. The researchvadasigralso
support the structure of the thesis to assist with demonstrating that the research was undertaken in a
scientific and rigorous way. Six Sigma was chosen abdhis demonstrated to bea proven approach
which is not only widely used in indugtand but is increasingheingused to provide support to research
projects[125. Six Sigm is a methodology which utilises proven, higlolgussedand rigorous principles

and techniques for the implementation of quality processes and solutidr2§]. The Six Sigma
methodology is used to develop high performance processes or produatgpoove existingoroceses
beyondjust incremental improvemeritl26]. Six3gma can be integrated with action research to provide

a more powerful set of tools to aid the introductioniofprovementg127]. It will be used to support the
PAR research approach describedSettion 4.2 as Sx 9gma will provide tools for assisting in the
interaction with actors to enable change within an organisatidfilst it is more commonly used for
improving existing processassingthe DMAIC (Define, Measure, Analyse, Improve and Cowabept,

9x Sgma canalso be used for developing an innovative solution such as with creating new products,
process or services utilising DMEDI (Define, Measure, Explore, Develop, Impldiagnt)

The key difference between DMEDI and DMAIC is that the former can be used to davaiopative
solution whether product, process servicewhilst the latterfocusse®n processmprovement as shown

in Table7. Thiswas achieved by: defining the problem and the requirements; exploring and creating the
design concept; developing the findings; and, evaluating and implementing the results.

DMEDI suppo#dd the development of a framework for thenplementation of PLM on ETO products as
this is an innovative solutiowhich requires creativityas opposed to a process improvememhiswas
achieved bydefining the problem and the requirements; exploring and cregatihe design concept;
developing the findings; and, evaluating and implementing the results.

Define, Measure, Analyse, Improve and Control Define, Measure, Explore, Develop, Implement
(DMAIC) (DMEDI)

Define ¢ Determineproject scope,objectives, Define¢ Verysimilar to DMAIC

resources, constraints

Measure¢ Determinecustomergroups,determine Measure¢ Definecustomers ancheedsusingvoice of
critical customer requirementsand obtaindata to the customer and QFDJeterminecritical customer
guantify processperformance requirements

Analyse- Analysedata toidentify tangibleroot causes | Explore¢ Developdesignconcepts,and high-level
of defects design

Improve ¢ Intervene in theprocess tamprove Develop- Deelop andoptimizedetailed design
performance pilot new process

Control¢ Implement acontrol system tomaintain Implement ¢ Validatedesignwith pilot, establish
performanceovertime. controls, full-scaleimplementation

Table7 Description of DMAIC and DEapproaches to Six Sigfd&9].

DMEDhas beerused throughout industry for this purpo$£3(Q such as byricewaterhouseCoopevgho
use DMEDI falPD[131] andwas selected as a proven and robust methodology for managing the creation
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of the novel significant contribution to knowledgeigure 1l illustrates the relationship between the
DMEDI approach, the reseh design and the structure of the thesis. It shows how each of the elements
of DMEDI was used to develop the research with the related sections in the thesis.

Deﬁ NEe:. research problem formulisation

Section 1, 2and 3
QGonduct literature review
Establishes gaps, research
questions, and significant
contribution to knowledge

Section 4
Define research
methodology
Describe what methodology
can be used, what is being
used, why it is being used
and why others are not used

Section 4
Develop research design
Use of Sx Sgma DMEDI to
systematically conduct
research using proven
approach

Measure:

Definition of requirements & relationship to research problem

Section 5
Identify stakeholders
To determine voice of the
customer (requirements for
case study)

Section 5
QGonduct workshop to
establish requirements
(used for PLM strategy for
the case study and asthe
basis for the organisational
objectives)

Section 5
Describe how PLM meets
requirements
(organisational objectives)
Thisis based on the Type
26 case study ¢ the iBoM

Section 5
Develop PLM strategy to
meet organisational
objectives
The iBoM strategy

EXplore; High level design concept/ creation

questionnaires

case study and with
literature

Section 6 Section 6 Section 6 Section 6
Develop interview Run test interview and Develop analysis method Identify interview
questions update questions Thematic analysis participants
Develop. Development of PLM framework
Section 7 Section 7 Section 7
Conduct interviews Categorise findingsinto Develop draft framework
Capture findings themesto determine based on findings
common factors
In Ipl ement: svaluation, discussion and condlusion
. Section 9
. - Section 8 ——
Test stseccttl—ons f draft |dent%\c/g§ation Gonfirm valie:of ?Zlﬁtjﬁg:w(ﬁ:?ss itnot:wle aion 0
e Snudure.oirerd e framework through d Develop conclusions
framework and update participants

Figurel1 DMEDI research design related to thesis structure
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4.4 Summary

Thissection hagslescribed the researamethodologychosenfor this research. It firstlescribed the three
main perspectives fromB & S | [ddnKoSVieRR & the research problem: Ontolodgpistemology and
Methodology. The importance of understandirthese perspectivesasto ensure theresearchoutcome
was based on the appropriate philosophical position.

The otology was described athe philosophical perspective about the nature of reality, based on the
NE&SFNOKSNRa ..AStheikBovadge For/aRPLNDfrainelzSri on ETO products exists within
experts in the fieldrelativism was identified as the most appropriate as this perspective is that there are
many truths which are dependent on the actors in the environm@ihie tools and techniquassed for

the methodology must ensure that the truth, meaning and knowledge can be captured through patterns
in the resultsTheymust be carefully selected to ensure that results are evidenced and can be objectively
proven to ensure the findings are notrd@aminated with untruths or poorly evidenced facts

The @istemologywas describedsa set of perspectives about ways of ingagiinto the nature of the
world and thati is the theory of knowledge and justification, and how it relates to belief anadoptihe

epistemological perspective identified wasbjectivism ashe research perspectivie that there areonly

subjective truths and it is interaction with thexperts in the field of PLM on ETO produtist co-create

the meaning and ultimately therfdings

The nethodology was described as a perspective which provides the link between the theory and the
methodologies and is how the researcher finds out what they believe can be known. The methodology
perspective helps the researcher to identify theols and techniques to undertake the research in a
scientifically rigorousvay andmust be determined by the epistemological and ontological perspectives

The methodology perspective identified for this researchyislitative and wasdetermined by the

ontological perspective ofrelativism and the epistemologicalperspectiveof subjectivism due to the
interaction with experts in the field of PLM in ETO products.

¢KS LI NIRAIY dzaSR (G2 dzy RSNEGFYR GKS NBASHRMDKSNRA
WHs a basic belief system based on epistemological, ontological and methodological assuriiligns
Theparadigmidentified for this research wasterpretivism, whichassumes that knowledge or meaning

Oty 06S 3FrAYSR GKNRBdAAK (GKS YSYOSNEQ 2N I Oli2NRQ Ayl
subjective experiencef those experts in the field of PLM in ETO products.

Research approaches wetdescussed and participatory action research was identified as well suited as it
supports interaction with experts in the field of PLM in ETO products.

The research strategysesbusiness transformation within BAE Systems Naval Ships as the motivation and
the Type 26 Global Combat Ship as the case study to support the PAR research apprdachitiitieal
time-line was chosen as the time horizon for thesearchas the case study design, data capur
framework development anévaluationwas undertaken ouveaneightyear period through the lifecycle

of Type 26. The development of the framework and the valuation was triangulated from other ETO
products to ensure its usefulness across the ETO industry.

The research desigring Sx Sgma was describethcludng how this provides a proven formalised design
structure. Six Sigma has set of tools to assiswith PARfor supportingthe interaction with actors to
enable change within an organisatiol described DMEDI which enables the development of a new
produd, process or service and how this approach will be used to assist in the development of a PLM
implementation framework for ETO produci&hiswas achieved through: defining the problem and the
requirements; exploring andreating thedesign concept; deveping the findingsand, evaluating and
implementing the results.
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5 Definition of requirements for a PLM strategy for a
new generation Royal Navy product

Thissectiondescribes theequirementsfor the implementationof PLM tomeet business objectives on
an ETO product NPDt uses the Type 26 Global Combat Ship as the case study where a PeM to
environment to meet business objectives was developed. This environimdescribed and useds the
case studyor PLMimplementationwith whichto discuss the aimeworkfor the implementation of PLM
on ETO products Sectiord.

At BAE Systems Naval Ships, a comprehensive overhaul of all aspects of its approach to the engineering,
design and manufacture of complex warships has been akien. Significant investment in technology,
infrastructure, people and processissintended toenablea step change in efficiency, quality and safety,

to ensure Naval Ships remaiosmpetitive, delivergrofit for the company, besvalue for money to &
customersand to secure expourders.

On11" September 2014a facilitatedworkshop wasindertaken tocapturethe BAE Systems Naval Ships
businessrequirementsfor the implementation ofPLMimprovementsto support Type 2@nd future
programmes. These equirements were based on identified business improvements which had been
approved by the Type 26 senior managemeram; each lead for the business improvement was invited
to the workshop.This workshopincluded representation from across the fuimis of the business
including engineering, supply chain, programme managemeanselvice gpport, manufacturing
planning manufacturingand IM&T The ainof the workshopwas toidentify the requirements for PLM
implementation which would meet the objectives tifie businessfunctions. The structure of the
workshop wasasfollows:

1. The workshop begaby discussing the identified business improvememsging the template
illustratedin Figurel2. The completed templatdescribed the businedsenefit and isevidence
of its approval status. Théemplate provided an overview of theassessment of thédenefit
including:

a. Priority,

b. Initialassumed technicalifficulty;

c. Assumedorobabilityof implementation;
d. Cost information; and

e. Approval status.

2. Theestimated incurred cost antkalisedcostbenefit wasdiscussedvithin the workshopusing
Figure 13. This assisted with understanding when the costs would be applied and to what
programmearea Theinformation was used to assethe impact on the current PLM architecture
and wheretargetedimprovementscould be made. For example with the stage 1 system design
BoM.

3. The IM&T team then identified whether PLM technology could enable the realisation of the

improvements

Those improvemets whichcouldpotentially beenabled through PLM we@pturedand agreed

The workshop conclua@kwith an action plan to capture those requirements which required

further investigation This requirementlicitation used theexistingBAE Systemi$1&T process

resulting in the creation of a requirements specification.

o~
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<Title>

Domain: Authority: Owner
Description Summary
Type: Product Process
Priority : P1 P3
Technical Difficulty : T2 T3
Probability of A »16% NU %
i - <24% <49% <74% <100%
Plan to Mature Implementation:
Delivery of Cost : Pre contract Main Gate
decision point
Cost
Indicative Impact Value Per Ship (8 Ship Average) :
Status
Assumptions:
A
I Raised | | Sponsored I Understood Approved Applied Rejected Parked Diverted
<Date> <Date> <Date> <Date> <Date>

BAE SYSTEMS

Figurel2 Business improvemertémplate

(Procure) Preparation Acceptance » Acceptance,

Stage 1 Stage 2 Stage 3 Platform / CS Stage 7 Stage 8
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Design Develop Productioﬁ\ Build Outfit STW/ >STW/ In service Disposal

Labour

PM / Commercial
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Nl s

@ Reduced Cost @ Increased Cost Impact, but (O Potential Impact. (Not currently
Negligible analysed)
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Figurel3 Business improvmeriemplate to capaturecostimpactandbenefitsto the NPDlifecycle

The House ofQuality (HOQ)shownin Figurel4 illustratesthoseimprovementsidentified and agreecy
the stekeholdersat the workshop Hauser and Clausirdgescribed theHOQas part of Quality Function
Deployment (QFD) andere first developed at Mitsubisi2 & Y 2 gafl inA 97X 13P). It was since
adopted worldwide to understand customer requirements (the voice of the customer) venechhe
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demanded improvementsfoquality. It is then used to translate tib the functionalrequirements (the
voice of the engineer) whicteflect how the cistomer requirements will be mefThey go onto say that
the first activity is to identify the custoen needs in theiown words, which are the benefits they want
the solutionto provide, these are normally captured in facilitated discussisush as the workshop used
to identify the PLMmprovements The second step is to structussd prioritisethe customerneeds to
identify the topfive to tenprimary or strategic needs which will drive the stratagiprovementdirection

of the solution[132). This wasacheved in the workshop usingigure12 and Figure13 which not only
describal the business benefit but enaldeorioritisation based on when the improvement was required,
e.g. early in the programmes lifecycle.

Figurel4 showsthe ten strategiccustomer requirementshat werecaptured at the workshop which have
been identified as requiring the implementation of PLM improvemethisse are:

1. Improved first time quality of product information;

2. Improved schedule and cost accuracy and adhergnce

3. Improved stability of design information

4. Reduction in change and rework;

5. Reuse of product information through the lifecycle of the programme

6. Optimised design and manufacturing;

7. Increased repeatable manufacturing processes

8. Plan manufacturing earlier and more accurately using engineering BoM and 3D. model
9. Improved logistical management (material flewhat, when and where required)and,

10. Earlierand improved identification, management and reporting of completion

These requirementw/ere then weighted in terms of iportancebased on thdacilitatedworkshop The
weighting reflectedhe lifecycle phase of Type 26 the point intime where the manfacturing phase

was still several years away, therefapeaterimportance was placed dmprovements tamanaging the
design information changeand supporting the cost and schedule accuracy. The lower weightings were
related to manufacturing planninglogstics control of equipmentand manufacturing and completion
activities.

Theimprovementddentified by the customer requirements cannbé achievedy PLM alone but aspects

can be enabled by improvements to PLIMr example PLM will not solve the promlef first time quality

in the design of ETO products where an engineer has made a mistake, but it can enable improved
identification of poor quality.The next stage in the HOQ approach wascépture the functional
requirements (engineering characteristis) for improvements to PLM which are required to be
implemented These requirements were first identifigtthe facilitated workshop anturther established
through more detailed requiremerglicitation sessions following the BAE Systems IM&T proce3hes
required improvements to PLM are

1 Cross functional BoM ownership and Improved BoM level of detail

1 Improved data integration/alignment (PDM/CAD/ERP)

9 Assaociation of relatedlesignartefacts (modules, mounts, cabinets, Planning paths, test paths,
etc,;

Improved supplier data capture

Create views of product data which will evolve through product lifecycle for different
stakeholders needs

Improved access to the right configured informatjion

Centralisation of ppduct management processes, and capabgityvision

Toolset (technology) rationalisatipn

Digital (model basedjlanning

= =

=A =4 =8 =9
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Improved identification of change affected items

Enable single point of truth and a reduction in data duplicgtion

Capturing, management and presentation of maturity inforioat

Classification of design artefacts based on design, supply chain, manufacturing processes
Identification of BoM artefacts to enable repeatable manufacturizud,

Integrate the BoM with configuration and change management across CAD/PDM and ERP

= =4 =4 =4 =8 =9

Therelationship between the customer and functional requirements were identified and agreed with the
key stakeholders at requirement sessions following the facilitated workshops, these were categorised as
being strong, weak or moderatdNo weak links were iddified as all aspects of the functional
requirements were required to support the customer needs in some a&y it was agreedavith the
stakeholdersat the follow onrequirement sessiongsthat these could be achieved by the functional
requirements.

The dfficulties of applying the PLM improvements wetiscussed and agreed with the Pt&&m, these

are shown in the difficulty section at the bottom of the HO@igurel4. A PLM implementation plan was
created which included resourcand timescales which reflected the challengegh meeting the
functional requirements. This plan was included in the overall Typsckéduleand was managed
through theBAE Systenmrogramme management proceskhe direction of improvement wasaptured

and is shown at the top of the HOQHRigurel4. Those identified asew capabilitywere marked asTarget

and those which were believed to be further improvements on existing PLM capability within the business
were marked asMaximise For examplethe requirement ofW/ NP aad Fdzy QUG A 2y | f . 2a
LYLINR @SR . 2a whsSdddifiedag ew éaabilityAbéit @as not viewed by tReMteam as

being extremely difficult to implementThe roof matrixdisplays the strong positiveand positive
correlations between the functional requirements. These weapturedby the PLM team andsed to

input into thecreation of thePLM strategy to show relationships across the functional requiremeéhts.

PLM strategy is a document which congathe demanded quality from BAE Systems Naval Ships and how
they will berealisedby PLM through the functional requirements, as shown in Figure 11Nawal Ships

PLM strategy is an important document as it enabled the communication, review and appirth&PLM
improvements by the customer requirement ownensd the seniomanagement team. TheLM strategy
formed the basis foimprovements tdPLMto support thedesign, build and kservice support for th&OC

new generation Royal Navy vessel, the T#6d5lobal Combat ShiphePLM strategy was alsotended

to supportfuture programmes antb provide a competitive advantade the securing of export orders.
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Figurel4 House ofQuality for PLM to enable Type 26 objeetv

BAE Systems Naval Shisdefinedits PLMstrategyas thelntegrated Bill of MaterialsBoM) Strategy

The vision for theéBoM is that it provides acomprehensive integration of information and processes
associated with BoM elements broken downtke levels required by the business through life which will
deliver improved crosfunctional product data integratioanfor example an integrated Engineering and
Manufacturing BoMTheiBoM strategy was developed to address significant issues associate®@oil
managementdue to the challenges associated with ETO products as descrilfgsttion 2 and those
experienced on previous Naval Shipegrammed_essons from previous and current programmes across
the lifecycle and thebusnessfunctions were capturedanddistilled down into key areas for quality
improvementusing the templates shown iRigure12 and Figurel3. Thisled to theidentified business
benefitswhich required impoved PLM capality, as illustrated in Figure 11
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The workshopenabled the gathering afhe customer requirementsvhich were then mappedo the
functional requirements for a PLM implementatiorhisutilisedthe BAE Systenrequirements elicitation
process.A proposed PLM implementation is discussadhe followingsectionswhich ained to satisfy
these functional requirements. With this more detailed description of the PLM implementation, it is then
possible to gather e evidence for a more generaisle PLM implementation framework for ETO
products aglescribedin Section7. The detailed PLM improvements described in the following sections
can be related to the PLM implementation framework developed in SeGtienabling an improvement
understanding of PLM implementation on ETO products. This is described further in Section

5.1 Maturity management to support product evolution and
cost/schedule adherence

Capturing, managment and presentation of maturity informatiomvas identified as a functional
requirementfrom the HOQasshown in

Figurel4and is a key challenge relating to Pinovblementationon ETO products as discusse&étions
2.4.6and3.5. TheiBoMisa critical element othe maturity measurement and management approach for
Naval Ships order to understand the evolvindesign information througbut the lifecycleof the ship

This also provides a mechanism for reporting on programme schedule and cost adherence as it can be
measured against prdefined maturity criteria which is a challenge for ETO products as described in
Section2.4.7. In order to enablethe appropriate management of the partsand their associated
occurrenceswvithin the iBoM, PLMcapability has been developdyy BAE Systenmisaval Shipso capture
maturity criteria on key technical attributes which cameh be measured against predefiheriteria.
Examples of these technical attributieeludeelectricalandweightwhich have maturitcodes whiclkare
assessed at design revietgsdetermine if they have reached the required criteria to progress through
the stage gateThis idiscussedurther in Sectiord.1.

5.2 Cross functional BoM hierarchies and improved BoM level of
detail

Cros functional BoM ownership anthproved BoM level of detaindthe creation ofviews of product
data which will evolve through product lifecycle for different stakehold&seds were identified as a
functional requirement from the HOQ shown FKigure 14 and is a key challenge relating to PLM
implementation on ETO products as dissed irSection2.4.6 Cross functional BoM hierarchies relate to
a BoMthat evolves through the lifecycle of the product and is requirettéaeused by various business
functions such as design, manufacturing planning angarvice support it is also referred to as an
enterprise BoM by Lee et.4B8]. As shown irFigurel5 the iBoM consists of hierarchies that break the
product definitiondown that is structured in accordande different business need&xamples ofthese
businesgequirementsinclude a design BoM which refle@rgineeringparts and their occurrencesr a
manufacturing BoM which is used to digitally plan the build proses These hierarchies are
interdependent forminghe iBoM, andare achieved using set ofconfigured items to identify part usage
acrossach of thehierarchies For examplequipment occurrences iRigurel5can also be brokedown

to aninstallable level for digital plannindhese configured items uniquely identify evencurrenceof
each part andare linked to the applicable hierarchies to create a product ddfom for each applicable
business function

Thisintegration aross the different hierarchies amaisinessunctionsresultsin information being reused
for different purposesandwhich is €lly integrated but viewed differently depending ¢ime rolesof the
user. EachBoM structure is owned and managed by the relevdusiness owneand has associated
product developmenprocessesThese product developmemirocesses will resulh interdependencies
within the activities such that a change within théesignprocesscould have implicationsn digital
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planning as wel asin-service support taskbom a maintenance perspectivdhese interdependencies
and their management throughout the product development procass an important aspect to the
challenges witlBoM configuration, change and maturity management

The conept of cross functional BoM hierarchies was identified asigmificant enabler foran
improvement in the quality as it assists with removing disconnected and out of date BoM information
which may be used by differing business functions.examplean equpment occurrence that has been
removed from the design BoM which is being digitally planned for manufacture. This will also assist with
areduction inthe number ofproduct change due to incorrect or inconsistent information as identified

in the HOQ in

Figure14. The iBoMconcept aims to improve informatiomterconnectivity helping to managehe
complexityand uncertaintyof the product desigms discussed in Secti@m.3
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Figurel5 Cross functional BoMierarchies

5.3 Association of related BoM elements

The association of related design artefadtsproved access to theorrectconfigured informationand
improved identification of change décted items, were identified as a functional requirement from the
HOQ shown in

Figureld. Where thereare componentsvithin the BoMthat are relatedbut arerequired to be configured
separately thesewill be rebted and managed through tHB8oM. An exampleof this would be aseat or
mount for equipment.Due to the complexity, uncertainty and long lifecycle of the design, there are
different requirements for managing the product informati@ne stakeholdercouldfor examplerequire
the management of the relationship between an equipment item #adnountingarrangementwhilst
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a different stakeholder woultequire the management of an equipment item and the groupisitty other
itemsinto amodule for ease of budl Afurther stakeholdercouldrequire the contents of a server to be
managed whilst another stakeholdemwould only require the spatial elements of the server for CAD
integration. The association of these BoM elements is a key requirement for eL&d with their
identification andoe managed throughout théifecycle but also for the identification of affected change
items.

5.4 Data, process and technology integration with PDM as the
master

Enablinga single point of trutha reduction in data duplicatioand improved data integration/alignment
toolset (technology) rationalisatigrcentralisation ofproduct managemenprocessesand capability
provision andntegration ofthe BoM with configuration and change management acfasputer Aided
Design (CADRroduct Data ManagemeriPDM and Enterprise Resource PlannireR[p, were identified
as functional requiremerstfrom the HOQ shown in Figure 1éhprovedBoM quality canbe enabledby
reducingduplicationthroughintegratingthe CAD, PDM and EBRytemsas illustratedbelowin Figurel6
and earlier withinFigure3. This figureshows avisualisationinterface between PDM and ERP whigh
developedwith managinghe instability in the manufeturing environment due téhe emerging product
development process behaviours describedettion2.4.3 whichis discussed further iSections.5.

The aim is t@ontrol the evolvingBoMin the PIM system wheretican be managed more effectivelihis
managemenisnecessarylue to the PDM system being iterative and the ERP system being transactional,
as discussed ifection3.2and stated by Terzi et a[28]. The mainbenefit ofintegrating thesesystems

is a reduction in rewok resulting from improved alignment and consistencyof the product data
particularlybetween the CAD and PDM systems. Tinigrovementis significantas the PDM system is
widely used in thesystem design phase of the programme with CAD usageasingn the detail design
phase as illustrated withirFigure6 in Sectior2.4.2
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Figurel6 CAD, PDM and ERP integration

80



Without CAD/PDM integration, the system amttail designphases can become misaligned and
inconsistent through design evolution and emergent change, resulting in significant cost and rework,
particularlyif the inconsistencies are identified late in the lifecycle, such as within the manufacturing
phase, resulting in significaimcurredcosts as illustrated ifigure6 in Section2.4.2 Integration across
CAD/PDM and ERP enables improeets to theprocesses for managing the evolving desige, ftaw of
information from suppliers and change and configuration managenanthe data and toolsets can be
better aligned, mitigating the challenges describe@ntions2.4.3and2.4.60. Therefore, the reduction

of the conseqential cost ofchangehas a positive impact in that it should allewgineersto spend more

time focussed on valuaddingactivities to improve the quality of the produdhis approach also entas

PLM bolset rationalisationas the technologsthat would have been implemented to manage disparate
information sources ar@o longer needed antcemoved. Thiseduces data duplication, misalignment of
data andinformationtechnology costs

These impovements to BoM quality assist with right fitsine aspirations which in other products would
be managed through physicgirototypes; therefore this mitigates thechallengeof no prototype
described irSection2.4.8

5.5 Digital planning

Digital (model basedplanningwas identified as a functional requirement from the H@&Qshown in
Figureld. AniBoMthat definesthe product beakdown to an installablievelis integrated with the design
environment andaccurately describests maturity; this in turn enablesthe manufacturingplanning
activities to beundertaken more effectivelyrigurel7illustratesthe digital manufacturing planning BoM
integrated with the degin BoM and broken down to installable levEhis improvementvith traditional
planningapproachess due to manufacturing planning activitiexjuiring manufacturing drawings, which
aretypicallynot availableuntil the end of the design process$hisresults with earlier planning activities
which cansubsequentlyinform the cost and schedule, helping to mitigate the project management
challenge described iection2.4.7.
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With the availability of digital planning, the full engineering BoM created in the 3D model is published
from CAD into PDM along with 3D visualisations of the BoM in the CAD model. This enables the
manufacturing planning team to link Bolkéms to planning work packages, based on the maturity in the
design BoM. A sequence is chosen directly from the CAD model, resulting in the creation of a
manufacturing BoM. This sequence can then be displayed in the CAD visualisation to allow stakeholders
such as the manufacturing team, to provide feedback on the build sequence months before the build is
due to start. This approach will assist with the mitigating the challenge of not being able to physically
prototype the build as described in Secti®@.8

Once the sequence is agreed, the manufacturing planning team can then transfer mature information
across the PDM to ERP interface as describé&#ation5.4. The BoM information in the ERP ®ystis

then used for more detailed planning and procurement activities. This also assists with the challenges of
product change management in ETO products as the manufacturing BoM is integrated with the
engineering BoM, so product changes can be more rngatihtified and progressed through the lifecycle

5.6 Design for in-service support

Cross functional BoM ownership arichproved BoM level of detail was identified as a functional
requirement from the HOQ shown Figurel4. Gapturingand managing service support product data
within naval shipbuilding programmes is challenging due to

1 Not effectively capturing tb required sipport datawithin the BoM, resulting irmissing data,
misalignment and quality issues

1 A lack of transition @inning, including responsibilities and process, between dbsignand
manufacture team, and the InService Support team

1 Alack of coherence betwearavaland engineering numbering structuresnd,

9 Different IT systembeingused for the management of #h BoM.

It is necessary tensue alignment between the BoM fatesignand support due to the design evolution
andemergentchange throughout the programmehich can impact the kservice support activities due
to BoMmisalignment

The iBoM concept aims toaddress these challenges by providing aimainable parent and child
breakdown and associated data from the supply ch#iat will be captured and integrated with the
design configuratiofn the engineering BoM, as shownkigurel8. This will be supplemented with the
use of inservice supporthaming andnumbering conventios for BoM occurrencesresulting in the

removal of misalignment and translation activities due to different conventions.

The PDMsystemwil t 42 YIF &aGSN) 020K . 2aQa (2 adzZl}RNI AydaS3al
mature and the information can be exported to fleet support systems which use the maintainable BoM
information to support the ships igervice. This approach will enable impedvBoM quality and a

reduction of rework between the design, build and support activities amtainable itemsare identified

and managed directly from the desighhe inrservice spport teamwill also have improved functionality

to be able to identify wht product change will impact their requirements and decision making, allowing

the in-service support team tinfluencethe change procesand assess impact on througtie support

Ultimately, thecustomer will receive a product which will be more easilgintainable, with datahat

meets their througHife requirements
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5.7 Supply chain data capture and delivery

Improved supplier data captureas identified as a fustional requirementvith a strong relationship with
the customerrequirementof improved first timequality of product information as shown the HOQ in
Figure 14. The challenges identified ifection 2.4 identified the importance of managing supplier
information through the lifecycle dudo the customerinteractionand procuremengpproachihe level

of product customisatiorthe importanceof project managemeniand the relationship with the BoM and
maturity managementSupplier informationis usedvithin ETO produalevelopmento evolve the design
of the integrated systems througlife. The effective capture of this information is a key requirement of
PLM on Type 28Due to the procurement approachsadescribed irection 2.4.4, supplies provide
deliverables to the Type 26 programriet are at agreed dates in the lifecycle of the programrfieese
are then reviewed and either accepted or rejected by the prograsipmntractmanagement teamOne

of these deliverables is the BoM information of their produgtsch may be highly customisgidicluding:
their parts and occurrencestheir technical attribution, for example electrical and weight information;
and the BoM breakdowrincluding the maintainable breakdowasillustratedin Figure5 in Sectior2.2.

In previous programmes this has been provided in various formats wyechthen manually entered
into a PDM system. Theaused information quality issues duettee possibility ofdata entry mistakes
was time consuming which impacted schedule performanaed was costly due the resource
requirements. ThéBoMstrategy included an approach to create a mechanism for Bodrirdtion to be
entered by the supplier, ensuring that tligiginal EquipmentManufacturers (OEM) BoM information is
formatted correctly and can be automaticaénteredin a supplier review portaAs shown irFigurel5,
once approvedy the contract managment team the BoM information is then automatically loaded into
the PDM system, enhancing BoM information quality eettlicingschedule and cost impacthe capture
and efficient import of good quality supplier BoM information will support the evolutibithe often
highly customiseéhtegrated design. It will also improve the understanding of BoM maturity which will as
a consequence assist in the mitigatiof the cost and schedule challenges of the project management
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In addition, sincé¢his approachincreasethe BoMquality from the supplieandthey are providedvith a
standardised mechanism, it cdre easilyreviewed with any issues identified prior to automatically
uploading into the PDM systenThis willsignificantly reduce the time required toorduct supplier
reviews and enable more efficient and speedy input of data intoptteeluct developmenprogramme

The supply chaimeviewprocessnables improved identification of issues and questions which otherwise
may go unnoticed or require suppligiteraction later inthe design or build lifecyclesuch as installation
tooling guidance As a consequencsupplier queries are reducedesulting in a reduction in cost for
suppliers to answer questions or provide additional information later in tkeeylifle.In addition,supplier
relatedissueghat may impact the programme are identified earlier and their impact reduced.
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Figurel9 Integration of supply chain information with thé8oM.

As thefull parent/child breakdowrto maintainable level is more easily captured and loaded into the PDM
system,this resultsin improved management of lost or damaged child itessing builde.g., a handle

of a valve, which otherwise may require the full equipment item to be repldnedrring cost and
schedule delayslt also enables the capture an@roprehensive attribution oBoM informationfor
engineering support, planning and supply chain This reduces the use of disconnected data repositories
such as spreadsheetand assistswith the collaboration of the design and build, increasing toolset
rationalisation.

5.8 Repeatable manufacturing identification

Increased repeatable manufacturing procesges customer requirement, andassification of design
artefacts based on design, supply chamgnufacturing processeand identification of BoM artefacts to
enable repeatable manufacturingere identifiedas functional requiremengin
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Figure 14. One of the key challenge®lated to PLM implementation oTO products is product
customisation whichmpactsstandardisationas described irfsection2.4.5 There are opportunities to
introduce standardorocessesand information within the design and manufacturing environmen®©ne

of the requirements for PLMN Type 26 ito usethe iBoMto support the identification and management
of repeatable manufacturing processesd useproduct informationto reduce the number of bespoke
activities duringbuild; this is illustrated irFigure20. Tre benefits of this approach arthat the build
timescales can be reduced due to thientification of standard manufacturing processes in the design
lifecycle.

The customisation of theeTOproduct resultsin numeous specialised processdbat are difficult to
manage andypicallyhave increased resource and time demandith the identification of BoM items
which can havemanufacturing standardisatiompplied the ETO product camprovide the project
managemenbenefits of mass productiowhere appropriatesuch aswith piping, steelworkand HVAC
items. Manufacturing standardisationlso has the benefit afeducingquality issues and rewonkhich
otherwise may occur withibespoke manufacturing, and enables a retion in the investment required
to support these various manufacturing approaches. There is also an improvement in safetyarietiye
within the Sandard OperatingProcedures are reducednd, therefore, these processes are more widely
understood and ca be managed more effectively with risk assessments.
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Figure20 Enabling repeatable manufacturing standardisation in the design

These improvements ithe build phasewill also reduce the design effods the engineers will be &bto

pick from a standard set of a controlled, refined parts catalodpat have been approved for use within
manufacturing. The benefits fohe supply chain are that there is a reduction in material variation which
simplifies the procurement processeadaallows for savings with larger volumes of standard product
elements. The standardisation also enables simplified manufacturing planning processes as the team can
more easily identify what product elements go to what manufacturing shop, as opposedirg try
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understand how a bespoke manufacturing product should be processed. This simplification in planning
and build enables more effective schedule and cost estimation and adherence.

5.9 Completions management

Earlier and improved identification, managementdareporting of completionwere a customer
requirementidentified in

Figurel4. Due to the longlesign and buildifecycle ofan ETO producthere is a requiremento manage

the ongoing completion of thproductthrough the various phases of the programme. These completion
activities mayspanyears from completion planning, to installation, commissioning and acceptance. The
iBoMenables improved management of completiomdgbghassociating andhtegratingthe BoMmaster

data to completion activitiesThis requires the implementation @&olutions tothe PLM functional
requirementsillustratedin Figurel4.

The creation of a completion hierarchy in ti@oMis required as illustrated irFigure21, where design
BoM elements are associated to completion activities in this hierarchy. This enables improved
understanding of the impact of design change on completion actiyaiethey areboth integrated. t

also assists with the identification of changféected items which assist with the reduction of rework if
these items were missed later in the build lifecycle, which is a custoegeirementas showrin Figure
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Figure21 Completions management using ti&oM.

Without the iBoM, the completion activities would use BoM data in a disparate system, such as a
standalone completion management system which would not contain the design BoM. This could cause
misalignment between the master engineering BoM, which is subject to design evolution and change, and
the completion activities, resulting in quality issues and rework later in product development where the
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cost implications tend to be significant, as shawfigure6. To solve this, source data in the design BoM

is broken down to the level of detail that supports completion anddbality of the build relating to the
design can be more effectively monitorebthere is also integtian with the programme planning system

to understand cost and schedule implications. This provides an improved view of the overall programme
status and allows improved management of the plan.

5.10Summary

This section described a case study for the creatiba BLM environment based on a set of functional
requirements to meet business objectives on the Type 26 GCS and future programmaésdQ was
createdusing the output froma workshop with stakeholders within BAE Systems Naval ships. The HOQ
captured the objectives of the stakeholders asustomer requirements and the PLM functional
requirements to meet those objectives. Relationships were created within the HOQ which was used as an
input into the BAE Systems Naval Ships PLM strategy, branded #Botflestrategy, and associated
implementation plan.Details of the elements within the PLM strategy were described, incluttieg
relationship between the PLM environment and the busingggectivesand thefunctionalrequirements
described in the HOQ. It alsda&d the customer requirements, functional PLM requirements, the PLM
environment and the challenges related to PLM on ETO products discusSedtion 2.4. Section9
discusssthe relationship between the findings from the sestiuctured interviews used to develop the
PLM implementation framework with the implemented ingpements to PLM illustrated iRigurel14.

The results will be used toform the updated BAE Systems Naval Ships PLM strategy.
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6 Description of data capture and analysis
approaches

This section describethe data capture and analysis approaches used as a basis to construct the
framework for PLM implementation on ETO productsdescribe why the data capture and analysis
approacheswere used and why others were nofTheseapproacheswill relate to the research
methodologyfor PAR and case studg described igection4.

6.1 Data capture through interviews

Due to the extent of the influence of PLM within ETO as discussed within earlier sectidesetop a
framework for PLM implementation on ETO products requires knowledge thatsmome a wide range
of sources. The literature restiv in Section 3 established that no detailed guidanca complete
frameworks existen PLM implementatiofor ETO productslhere are aangeof ETO programmes which
have recently completed their design and buithd severalof which are at various stages of their
lifecycle, all of which will have utilised, or are currently apgyPLM to some extenf he knowledge to
developa PLM implementatiorframework exists withirthe experts in the field of PLM ithese ETO
products Theseprogrammesnclude for example the UK Type 26 Global Combat Ship; afcBR& Large
Hadron Colliderwherethe expertknowledge was elicited. The full list of programmelisied inSection
4.2.TheNEB & S | NEtoSoldea perspective has been identified as qualitative due to the ontological
and epistemologicadtancedirectinginteractionwith experts in the field of PLM, as describedattion
4.1

Merriam and Tisdell statethat: 4% most forms of qualitative research, some and occasionally all of the
data are collected through intervie®@s® &ddesi@ K ITile mdst common form of interview is the
personto-person encounter, in which one person elicits information from andifigd9]. DeMarrais
RSAONAOGSR | NBA&AS proEdKin whithi § NRekRréhgr ard dparti¢lpant engage in a
conversatiorfocussednquest2 ya NBf F G SR (0§33 NBaASINOK addzReQ
Unstructured interviews were considered but not used as they may not have given a consistent set of
results which could be analyseahdtherefore would not providexcoherent and accurateet offindings
required to fom the basis for the PLM implementation framework

The primary data collecting approach for this research has been choseamastsictured intervieve.
Smistructured interviewsreducethe likelihood of observer bias due to the questions being the same
for all intervieweesThe interviewer has the flexibility to followp the answers whichas the benefit of
following a defined pattern but not being constrained by it. Hloestions wee structuredto allow for a
comparable set afesponsesvhichcould be sbsequentlyanalysed This technique also had tfiexibility

to enableresponseghat were otherwise supporting or natbvious to flow to the surface, especially if an
answerfrom one questiorrelated to another questior{122).

Questionnaires wereconsidered but rejected on the grousdhat semistructured interviews and
secondary material would give the desired results. Focus groupsalsgeonsideredand although they
will be used to supplement the research for case study development and valid#twas considered
that they wouldnot provide the level of detail required compaisonto individual interviewg122].

The choice of investigativethniquewas torecordeachsemistructured interviewand capturethe key
pointsin an intervew response documentL03. Thisrecording approactallowed the accurate captie
of the data and enablgfurther analysigo be undertakerater as discussed withifection 6.5.
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Using scondary material was chosen, as this aboMhe results of the interviews to be analysadd
discussedhgainst availabletBrature andthe Type 26 case studg assist inanswering the aims of the
researchin Sction9.

6.2 The Interview schedule

The interview schedule was based on tharacteristics of ETO products relating to PLM implementation
as discussed ifection 2, the results of the literaturereview in Sectior8, andthe Type 26 case study
described irfection5. Each questiowasdevelopedto relate toPLM implementation in ETO products as
described inSection 2. Thequestionswere designed to capturéndingsfor PLM objectives, challenges
and enablers, ultimately to capture the framework for PLM implementation in ETO psodbely were
designed to have th#lexibility to allowthe intervieweego expand their responses

Theinterviewswere conductedfaceto-face where possible or via telephone conferenatere there

were significant geographical restrictiorisaceto-face irterviews were preferred due to the interviewer
being able to follomup on questions based on the facial expressions and body language of the
interviewee.

The questions were altered based on the feedback from the test interview and theresgainsesTable
8 below describes thédevelopingguestioning schedule.

Version | Date Change Reason Impact
Vi 01/04/2016 | First published questions for test
interview.
V2 24/05/2016 | Introduction added Feedback from the teshterview was that| None
an improved introduction was required tg
help contextualise the questions. A
slidepack was then produced which gav¢
an overview of the research, its purpose
and how the interviews contributed to thg
research.
V3 25/07/2016 Q3 chy’ 3 SR Gahgol W |After six interviews this was changed du| None
RSaONR OGS &2 dzNJ t|tothe feedback being that this appeared
(i Peseribe your current PLM | be a technical IT question which would b
environment from your more difficult for many to answer. A more
LISNELISOGABSQ accurate output was to determinahat
the PLM environment was in terms of wh
was important to the interviewee. From ¢
responses gained, the interviewees had
answered it from their perspective. A
person from an IT backogund would
answer it from an IT perspective, whilst
others from their own business
perspective.
V4 18/08/2016 | Cost/impact note removed from | Removed due to not adding value to the| None
guestions. guestion responses.

Table8 Developing nature of thénterview questions

The firal interview questiongVersion 4) and theirreasoning to capture meaningye describel as
follows:

Introduction ¢ A lrief overview of research using appropriate diagramgo providecontext to the
reseach (based on feedback from the test interviemgluding the characteristics of the problem of PLM
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implementation in ETO products, the research aims, hovir tesponseswvere planned tobe used to
generate thePLM implementation frameworkand as a leaéh to question 1 Thematerial used for the
overview is shown ik\ppendix A

Q1 - Interviewer describes the key challenges identified in the research and asks interviewee of
examples where he/she has encountered them, would yadd or remove anyThis questiorwas used

to assess the appropriatenesstbe challenges identified through the literature describedsattions 2

and 3 and communicated to the interviewees in thetrioduction. It was also used to capture any
additional challenges nni@wonsidered in the literature.

Q2- What are the typical key business objectives which you require a PLM environment to support?
This questionwas designed to stimulate the interviewertd considering why they need PLM.was
expected that thesaevould be at a detailed level butvould be an inputinto the thematic analysis
described irfection6.5to allow themes to be generated at a high level. Tégponsedo these questions
were planned tdoe compared with the literature antb form the basis of thé>LMobjectives section of
the framework

Q3- Describe your current PLM environment from your perspectivEf?is questiorwas used to allow

the interviewee to onsider the PLM environment from their perspectilide questionwas designed to
stimulate the interviewee into considering the environment viithvhich they workregardingPLM and

was intended toprovide a link between the objectives and the followingegtions.The questionvas

used toenable the interviewee to describe their PLM environment with objectives, challenges, and
enablers raised across process, people, information and technology depending on what interests them
the most Theresponses were ptaned tobe compared to the literature andsed tosupportthe findings

and discussiosectiors.

Q4 - Describe the typical challenges you experienced with utilising PL&W that the foundation has
been captured with regard to the context of the researcheit own PLM objectives and the PLM
environment with which they work, the key findings can be elicited. Thediegte wa to capture the
intervieweeQ deliefs in terms oftheir typical challenges with utilising PLM, based on their PLM
environment. Thisvas intended taset the basis for the following questioregardingwhat improvements
couldbe enabled.

Q5 - What improvements would you make to a PLM environment to ensure it meets your business
objectives and whyAfter consideingthe challenges with uising PLMthe interviewee would be asked
this questionto capture what improvementsazld be enabledto the PLM environment to meet their
objectives.

Q6- Can you prioritise the improvements in terms of business impattis question is only used if tiee
are multipleresponsato Question 5 to allow the interviewee to convey what improvements are more
critical. Itcouldbe ignored if there are only a small numlzdrresponses

Q7- Can you prioritise the improvements in terms of effort requiredhis giestion is only used there
are multiple responseso Question5 to allow the interviewee to convey what improvements are more
critical. Itcouldbe ignored if there are only a small numlzgrresponses

Q8 - How could you better enable the implementatin of these improvementsin Question5, the
intervieweewas asked tstatewhat improvements should be made to PLM to meet their objectives. This
guestionwas designed to stimulate the interviewee into considgrhow these improvements could be
enabled.

Q9 - What typical challenges can you foresee with transitioning from aniggo a PLM environment
which incorporates your improvements (tbe)? Now that the improvement enablershave been
captured, this questiomwas designed to identify what potential clhenges could be encountered with the
enabling othese improvements. The results may follow on frQuestion 4, for instanceghe interviewee
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may havepeoplechallengesvhich may impact thenablementof improvements. It may also elicit new
challenges whih could be valuable to the research.

Q10- Can you prioritise the challenges in terms of business impdad® questionwas only used if there
were multiple responses tdQuestion 9 to allow the interviewee to convey what challeng&se more
critical. Itcould be ignored if there are only a small numldrresponses

Q11- Can you prioritise the challenges in terms of effort requiredfis questiorwasonly used if there
were multiple responses toQuestion 9 to allow the interviewee to convey what chatjes were
considered to benore critical. It could be ignored if there are only a small number of responses

Q12-How could you overcome difficulties associated with thesiallenges’Related toQuestion 8 this
wasdesigned to stimulate the intervieweptd considering how the challenges could be overcomgalt
designed to supplemer@uestion 8 in terms oimprovementenablersandto elicit any which may arise
in the implementation of the PLM improvements which had yet to be considered.

Q13- Would a famework assist with the transition from ass to the to-be, if so how?The intention of

this questionwas to assess whetharframework conveying the results of the research would assist in the
implementation of PLM. kvas also intended to capture the wayn whichthe framework would assist
andany enhancements in its design and use.

Q14- What other ETO industries would benefit from a frameworRhis questiorwas usedo capture

what other industries would benefit from a framework for ETO PLM implemiemtalt wasintended that

this question would assist in identifying further interviewee candidates, areas with which the research
could be targeted to improve industrial performanead alsofor future research opportunities.

6.3 ldentification of the participants

McCrackerstated(l K G WA y (i S NI scdvieraharedNiBderstznd@ngsf aiparticitak group. The

sample ofinterviewees should be fairly homogenous and shaitical simiarities related to the resealc
questiortd134]. Reybold et alstated thatW(i KS NB adzZ ta 2F | &ddGdzRé | NB vy
constructed through researcher choicaediinterpretation. Researchers, then, should examine and reveal
GKS O2YL)X SEAGe 2F GKSANI aStSOiGA2y LINROSaa Ay 2
jdzt £t AdGF GA GBS NBheySlsostatd thaBii K NRB QWdza i 0 S lrefatiohsBi® 2 dzy (i 7
between theresearcher and those chosen to represent a re@litjney argue that participant selection is

one of the least critiqued methods in qualitative research and conduct a literature review of selection
approachesOf these they stated that: there is general agreement among qualitative researchers that
LJdzN1J2 4 STFdzf &St SOGA2Yy A& GKRBAOKAGOKE Sa-deptliBsight @1 ¥ 0 %
Ayili2 GKS adie% Bduvell fated thal plrRasalul selection is when people are deliberately
identified as they are uniquely able toqvide information as they are experts in a field or have been
observers in an event, and are therefore able to answer the interview quegtiG6s

As described ifection4.1the philosophical position of the researcher directs the research outcome. The
ontological perspective of relativism directsthesearcher to identify experts in a field as there are many

truths that aredependenton the actors in the environment. Therefore experts in the field of PLM in ETO
products will be identified for the research. TN&S & S | Njiske@dlkjical perspectivof subjectivism

means that there are only subjective truths ahgsthrough interaction with the experts that the meaning

and the findingsare cocreated TheNB & S | IdabaidiGnMNdRisi identified daterprevatism which states

that knowledge or meanin@l y 2y f & o6S 3IFAYySR GKNRdAAK I O02NRa N
selection of relevant experts in the field of PLM in ETO products is a fundamental input inése¢laech.

This purposeful selection approach has been chosen to capture thenafan required to develop the

PLM implementation frame for ETO products due to the philosophical perspectives directing the research.
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As highlighted in Section 4.2, 11 ETO products were identified from which PLM experts cdadd
approached for interview to subsequentlyenerat the information required to develop the PLM
implementation framework for ETO products. At least one expert feath ofthese ETO products was

to be approachedfor the interview processThe next step wa to ensure that each of the business
functionswere represented, including engineering, supply chain, progranmagmagement in-service
support, manufacturing planning, anufacturingand IM&T. The customer and suppliers were also
approachedfor inclusion.Preliminary engagement was undertaken through emaiéngagepotential
experts. These experts whetdentified through the researchers own experience with PLM in ETO
products and also so through wider stakeholder engagement where PLM experts were sought.

Through this proces®8 experts were identified andemistructured interviews on PLM implementation
were undertakerfrom theseETQoroductsin the UK, France, Australia, USA and Canada. The interviewees
were selected based on their relationship with PIOMEITO products either as an implementer or as a key
stakeholder in its successful use within their organisation. The interviewees were identified through the
NEASFNOKSNRaE O2y il OGa gAGKAY (GKS 9¢h AyRdzadNE
research findings, such as from other industries suggested in Q14 of the interview questions.

6.4 Ethical considerations

The intervieweesvere identified and written to explainingdpe purpose of the research. This included that
it was sponsored by BAE Systearsl the research was being undertakendanjunction with the
University of Strathclyde. Wasexplainedwhy they had been choseasking if they would be willing to
take part in sembtructured interviewsdetailinghow many questions there would bandapproximately
how long the interview would take

The research method wasxplained asvell asthe aim of the research being to createframework for

the implementation of PLM in ETO products. It was also explained that the intention was for the results
to be published Thiswasrepeated at the interview where they were also asked if they would be willing
for the interview to be recordeth audiq and whether they woul@llow any further follow up on the key
points captured in the noted he role of the reearcher was explained to the interviewesesa partime

PhD student who was also a PLM practitioner in ETO produdts wls important to establish trust,
openness and to reduce ethical problems. The interviewees were advised that the results okrehes
would be made available to them to help improve PLM implementation within their busimbasnitial
communicationwas very positively received and there was a universal request from all the interviewees
to receive the research findings.

6.5 Data analysis method

The philosophical perspectigehavebeen discussed ifection 4.1 that established the importance of
engaging witrexperts in the field of PLM he ontological perspective of relativism means there are many
truths dependant on the actors in an environment, and that through the epistemological perspective of
subjectivism, the truths are subjective and can only be established through interaction with these experts.
Therefore the analysis of the findings from the inteiws must be analysedppropriatelyandthe key
points identified across theesponses

Theresponses fronthe interviewees were capturedn Microsoft Word against each of the interview
guestionsand analysed to producthe findings and recommendation®r the PLM implementation
framework The interviews were transcribed aade includedAppendix Band are directly referenceid
the Section?.

Braun and Clé&e statel (i K [Thiemalic Analysisprovides a flexible and useful research tool, which can

potentially provide a rich and detales & S 02 Y LX S HIB7. THs @ablag ineaging fravil ( | Q
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the subgctive views of the interview responses to be generafElde phases dhe Thematic Analysis
conducted within the researc® 2 NNB a4 L2 Y R (2 . NI dzyardskoRn inTdbledN a Q LINE

No | Phase Description of the process

1 Familiarising yourself with your Transcribing data (if necessary), reading andeading the data,

data. noting down initial ideas.

2 Generating initial codes. Coding interesting features of the data in a systematic fashion ag
the entire data set, ctdting data relevant to each code.

3 Searching for themes. Collating codes into potential themes, gathering all data relevant
each potential theme.

4 Reviewing themes. Checking if the themes work in relation to the coded extracts (Le
1) and the ente data set (Level 2), generating a thematic 'map' o
the analysis.

5 Defining and naming themes. Ongoing analysis to refine the specifics of each theme, and the
overall story the analysis tells, generating clear definitions and ng
for each theme.

6 Producing the report. The final opportunity for analysis. Selection of vivid, compelling
extract examples, final analysis of selected extracts, relating bac
the analysis to the research question and literature, producing a
scholarly report of the analis

Table9 Phases of Thematinalysig137].

Braun and Clarke go do state that Thematic Aalysis is a straightforward approach tadertaking
gualitative analysis but there are potential hazattlat may impact the quality of the research.wis
important to ensure that the datavas collected and analysed across the entire content of the research,
in this case all of the interview sponsesfrom all the interviewees. Thisas undertakento ensure that
themes are spread across the entire research findings. Another potential hazattat the themes do

not relate to the research goals themselves, therefarare wastaken to ensure hat the key themes
captured relate to thedevelopment of a PLM implementation framewofike identified themes should

be supported by the data itself to ensure that they are not generated based on weakutdiasrom a
single individua® view therefore, there should be data to support each of the thenj&87].

To overcome these potential hazartdge NVivo softwarewas chosen to provide a platform to capture
and analyse the interview responses. NVivo progtideneans to demonstrateow the findings from the
interview responses relatkto each @ the themes. The ThematimaAlysis approach used to capture the
themes in NVivo idlustratedin Figure22. Theresponse&xpressed through the interviews were captured
and classified into various categorigodes and themes)hese categories provida structure through
which further analysisouldthen take placd122]. The initial anlysis carried out from the interviewsas

to capture commonality through a coding structuvehichwasthen groupednto themes These themes
were used to generate the findings which alledithe analysis and conclusions to be drawn and related
to the resea&ch aims. ThisThematic Analysigpproach will not only show how the results were gathered
but will mean that the key points from the interviews can also be captured and referredection?.
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Step 1 — Transcribe interviews
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and code
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Step 3 — Group
codes into themes
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Step 4 — Use related
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responses for further
analysis, discussion
and conclusions
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Figure22 Approach to thematic analysis using NVivo

Guest et al stated: Hata analysis software is an important component instqualitative research
studie<J138]. NVivowasbeen used as the softwateol to analy® the data and provide the means to
perform thematic analysis due to its capabilities to capture source data and almwvding andinking

of key themeg139. This enabld the provenance oftie research findings to be demonstrated as shown
in Appendix @Qvhich shows all of the codes and themes captured through the aladdysisBorrego et al.
using research from Lincoln and Guba, Tashakkori and Teddlie, and [CA@n{141], [142], stated
several factors which can be used to determine the quality of reseageinst the research aimBor
qualitativeresearchthese are:

)l
1
)l

1

Borrego et alwenton i 2

dl0dzRe YSSia [laX Skepthed NIsali® Nl Itr@stfulness can be established through

Credibility: establishing that the results are credible or believable;
Transferability: applicability of research findings to other settings;
Dependability: researchers account for the eebanging context within which the search

occurs; and,

Reflexiviy: researchergxamine thé own bias and make them known.

adras

GaKIFG

YiKS

i SNy

0NYza G Fdzft ySaa

creating an audit trail which provides a clear linbktweenthe raw dataand the findingg143. The
relationship between the raw data from thdVivosoftware outputin Appendix Cand the generated
themesprovidesthe basis f@ the trustfulnessfor this research

6.6 Summary

This section describedthe data capture and analysis approaches used as a basis to construct the
framework fa PLM implementation on ETO producEse philosophical perspectives have been discussed
in Section 4.1 which established the importance oéngaging withexperts in the field of PLM. The
ontological perspective afelativismmeansthat there are many truths dependant on the actors in an
environment, and that through the epistemological perspective of subjectiviben truths are only
subjective and can only be established through interaction with these expihis.directed thause of
semistructured interviews to capture data to develop the PLM implementation framevaorleTO
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products. The interview questions, their development and reasoning was described including how they
would be used to develop objectives, challenges arabkars for the framework.

The interview participant selection was described including panposeful selection was chosen to
specifically identify experts or those who were appropriate observers in the field of PLM on ETO products.
Ethical considerationsere describedncludingthe approach to engaging with the interview participants.
Secondary data from literature and the case study will be used to supplement the interview findings in
order to generate the signiféat contribution to knowledge.

The dataanalysis method was described including how the philosophical assumptiarsng experts
who have a subjective truth influenced the method selectidherefore the analysis of the findings from
the interviews must be carefully analysed at@ key poins icentified across the responses. Thematic
analysis was chosen using NVivo to generate codeghardeswhich relate therelevantinterviewee
responsedo generate meaning.

The next section describéhe development of the frameworkor the implementationof PLM on ETO
products. It will explain the structure of the framework including its relationship to the-saunctured
interview questions and how it was influenced by Enterprise Architecture. It also dedtolyehematic
analysis was used to generdte findings. These findingarethen described in detail.
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7 Development of the framework

This section describes the development of the framework for the implementation of PLM on ETO
products.¢ KS / I YONR RIS RAOGA2Y |aEsterREiled, Mikas, Srdelidfs tRINg YS & 2 N
used to plan or decide somethifid 5]. The framework will provide guidance to organisations on what is

required to successfully implement PLM on ETO products. Se2tam$3 have shown that a framework

for PLM implementations necessary to support the successful NPD for ETO products ana that
frameworkthat achieves thisloes notcurrently existwithin published researchVithouta framework,it

is posited thate TO NPDrganisationscannotnot fully understand their PLM ofgtives, the challenges

they will face the improvementsthat are necessaryand how theycan be enabled to ensure the

successful implementation of PLM.

As described ifection6 the results of the serstructured interviewsvere used ashe primary approach

for developing the frameworkThese interview results are supported|litgrature as a secondary means
to contribute tothe development. Ths section will explain how the thematic analysis approach described
in Section 6.5 was applied in order to generate the themes necessary to develop the framewisk.
described irsection6.2the interview questionsvere designed tddentify the objectiveschallengesaind
improvement enablersrequired for a successfuPLM implementation. This approach supports the
structuring of the framework intoPLM obijectives, challenges and enablevbich assistsin the
presentationof the guidance to improve understanding and ease of Esehquestion which relates to
objectives, challenges arighprovementenablers is shown ifiablel0.

Question | Question Relevant section in findingsection where
No response is captured
Q1 Interviewer describes the key challenges Further validation of the research aims and gaf

identified in the research and asks interviewee | in knowledge
examples where he/she has encountered them
would you add or remove any?

Q2 What are the typical key business objectives | To identify PLM bjectives
which you require a PLMhgironment to
support?
Q3 Describe your current PLM environment from | where appropriate the response was used in
your perspective? objectives, challenges or enablers section
Q4 Describe the typical challenges you experiencg Challenges
with utilising PLM?
Q5 What improvements would you make to a PLM| Enablers

environment to ensure it meets your business
objectives and why?

Q6 Can you prioritise the improvements in terms o] Enablers
business impact?

Q7 Can you prioritise the impvements in terms of | Enablers
effort required?

Q8 How could you better enable the implementatiq Enablers
of these improvements?

Q9 What typical challenges can you foresee with | Challenges

transitioning from an ass to a PLM environmenf
which incorporates your iprovements (tebe)?
Q10 Can you prioritise the challenges in terms of | Challenges
business impact?
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Question | Question Relevant section in findingsection where

No response is captured

Q11 Can you prioritise the challenges in terms of | Challenges
effort required?

Q12 How could you overcome difficulties associatedq Enablers
with these chdenges?

Q13 Would a framework assist with the transition Used to support theignificant contribution to
from asis to the tobe, if so how? knowledge- The Framework

Q14 What other ETO industries would benefits from| Usedto identify industries where an interview
framework? could be targeted

Table10 The relationship between the interview questions and the framework structure

Thefollowing sectiors will describe the development of the framework for the implementatidriP.M

on ETO products. It explarhow the structure of the framework was influenced IBnterprise
Architecture. It also describes how thematic analysis was usegtieratethe findings. These findings

are described in detail witteferencedo literature and the interviewesponsesvhere appropriateEach
subsection within the objectives, challenges and enablers section describes the themes used in the
framework.The final framework to support the implementation of Product Lifecycle Management (PLM)
on Emineer to Order (ETO) produdssillustrated inFigure23.
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Objectives Challenges Enablers

A Through life capture, integration and A Identifying, managing and presenting A Develop policies to capture what
management of all evolving product emergent complex information for information is required and how it will
information from all stakeholders. management decision making. be used within an evolving complex

- A Management of product configuration A Integrating complex product information product.
o and emergent change. throughtlife across multiple PLM A PLM information integration, policy
= A Manage security, export and IPR technology toolsets. development, standardisation, learning
g obligations. A Management of product information from experience and adherence using
= A Management of evolving product maturity and its relationship to change, suitable expertise within a dedicated
E maturity. configuration, schedule and cost. cross functional team.
< A Up-to-date, traceable, relevant and A Develop data quality and governance
configured information that can be policy and adherence approach.
accessed. A Develop configuration and change
management approach across ETO
product classes and variants.
A Support the design and build for product | A Creating processes which meet businer A PLM business process ownership,
safety and environmental objectives but are not overly development, standardisation, learning
considerations. complicated. from experience and adherence using
% A Enable quality through right first time suitable expertise within a dedicated
[ and reduction in rework. functional team.
8 A Enable product development and build A Guidelines and governance over proces
— collaboration across all stakeholders. complexity to ensure they are simple
o A Cost, profit, risk reduction and value for and useable.

money. A Mandate utilisation of PLM processes

A Enable standardised design and build. internally, topartners andhe supply

chain

A Enabling collaboration across multiple A Education, adoption and understanding A Provide continuing evidence of benefits
sites. value,and its relationship to quality. to senior management to enable

A Demonstrating to the customer that the| | A Lack of PLM expertise to enable and support and maintain PLM sponsorship.
product meets requirements. support PLM. A Develop and implement a

A Support organisational knowledge A Obligations and througtife implications comprehensive business change

() management and learning. of their actions or inactions. initiative on PLM.
ey A Enable improved decision making. A Understanding processes, toolsets and A Develop and implement a cross
(@] throughtlife product information functional PLM education programme
& integration. embedded within the core business
A Working collaboratively across all training programmes emphasising core
functional areas. values and objectives.
A Develop PLM objectives, education
approach and support to the business
using suitable expertise within a
dedicated cross functional team.
A Technology robustness and longevity to| | A Identify and implement configurable
support longlife product design and PLM toolsets with minimal
build. customisation.
S A Toolset complexity and simplicity A Drive integration and information
o balance to meet business objective. through toolset rationalisation.
° A Creating a system to systems through A Focus on toolset development on
= toolset integration and rationalisation. business objectives, priorities and ease
6 of use to reduce complexity of
(0] technology and processes.
= A Implement IT architecture
improvements to support new PLM
capability and ensure toolset
performance.

Figure23 The final framework to support the implementation of Product Lifecycle Management (PLM)
on Engineer to Order (ETO) drwts

7.1 Enterprise Architecture

The structure of the framework for the implementation of PLM on ETO products has been influenced by
Enterprise Architecture (EA). E5Aused to managte creation of informatiorto descibe the business
strategy, model, objdoves, processes and technolomyan organisation. This allowse organisation to
improveits decision making, communication and monitoring of both business and IT investiidds
EAallows a business to manage a major undertaking, such as remodelling a complicated design and
manufacturing process, bgplitting it up into smallerelements[145. These smaller eleemts are
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documented and their relationships captured, which enables an imprei@v and understandingf the
relevant aspects of the business, thus supporting an improved decision making envirddd@nThere

is astrong emphasiwithin EA on understanding thésis(problematic aspetof the business. fis effort

can be used to plan th@-beQarget environmenttherefore moving from a strategio normal dayto-

day busness[146]. It also supports the communication of the-iaproblematicaspectand the strategic
environments to the key stakeholdef$47]. This approach to transforming from an-igsto a to-be
environment supportshe DMEDI research design by assistiriil Weveloping a detailed design, which
ultimately supportghe research aims which is to provide a framework for the implementation of PLM on
ETO products.

The Information Management & Technology (IM&tinction of an ETO organisation h#ise task of
relating the business objectivego technology solutionsand making them understood by the
stakeholdersThe IM&T functionhavethe responsibility ofleveloping and maintaininthe PLM system

of systemsand planning the evolution tsupport the business sttagies.EA can be used to support this
decision making proce$$48]. One of the key challenges with EAheconnectionbetween the business
requirementsand thetechnology the lack of a cleaconnection meaanthat the full value of EA is not
apparent to all of the stakeholdefd&44]. Unlessesolved this disconnect will impair the organisati@n
ability to use EA as a means to make strategic decisions across the whole entétrilsek of a coherent
technology strategy which aligns with the organisational objectives can contribute to billions of additional
costs and delays of years for majaogucts[1]. Researchhas been undertaken to provide guidance on
integrating lusiness antechnologyarchitecturesand also to validate the importance of aligning business
strategy with techntogy investmen{10] [12], but significantly, not in the context of implementing PLM
on ETO Products.

The businessarchitectureprovides afocuson people and processn orderto meet the needs of the
product or management of the@roduct delivery and encourage relevant requirementscreation to
support themoveto an improved position. The technologychitectureattemptsto link the technology
necessaryo enable the requiremergtidentified through the business architectuta order to realise the
business value required by the technology, the investment must ensure alignment between the
organisational context and the technology itse[fL0]. Therefore the technologynust support the
strategic business requirementSAsupports the modelling of the ags position and the tde strategic
target. The methodlogies used, such abd Open Group Architectural FramewdflOGAJ; supportsthe
analysis of the gag assist in determininthe impact ofthe change and to help with the implementation

[144).

This approach helps tsupportsenior decision makeris beingable to understand and assess whether
the to-be position aligns with the organisati@ strategy[146]. The transition from strategy to daily
operations is supported through policies and metadels which describe the maimmponents ofthe
architectureand how they interactandis a critical communication mechanigid6. TOGAF hefjthe
IM&T team justify their architecture to the key decisiorakersthrough this improved communication
[147]. As there are few technology chges which do not affect business process, they should be viewed
as a business chan@#49]. This is due to IM&T beirtgghly integrated into the organisation and, also
that the movement towards the tde strategic environment is likely to be challenging involving both
technical and social aspect$50. Boddy et al. describethree main parties which affectechnology
implementationas the general management,sers and theM&T management andtaff [151].These

LI NI ASaQ LISNDSAGBSR T pleinantatiba areNdBstribal Mah@11.0 2 ( SOKy 2 f 2
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General Management Failings

Users(Failings

IM&T Management and Stafi

Failings

No clear business plan available

No clear expression of
needs and expectations

Inability to match information
management technologio

of information business needs
management
technology

Focus only on

Inability to spot strategic uses of
information management
technology

Failure to communicate
requirements to systems staff
Lack of appreciation of technical

Preoccupation with the
operational supportno | technicalities ofnformation
strategic vision management technology

Lack of appreciation of | Lack of understanding of businessg
technical complexities | environment

No contribution to Failure to market business

complexities planning and polig of successes of information
Insistence on cost justifying & information management technology
investments management

Tablellt SNODSA PGSR FlLAfAy3Ia

EA can assist with overcoming tleefsilings by providing a structure and clear communication route to
capture and align the business need with the technology implementafibis. approach will support the
research aim for the development of a Pliplementationframework on ETO productas they are
highly complex with the galpetweenthe business and technologychitecturedifficult to capture align

and communicate.

Svata stated therare many reasons fahe gapbetween business objectivesmdthe enabling technology
[152). This includeghe challenge of aligning the enteiipe goals with théechnologyimplemented to
realise the business objectiveghichmay be due to the significant differences in gaegstive between
business and technologywners.Svataprovidedan exampleof software engineering practicessed by
technolagy providers who use languages and modelling technigbasarenot easily understood by the
wider business communityon Rosing statedhére are missing links between the business model
(strategic) and process landscape (operatiotia} are necessarfor a successful Enterprise Architecture
initiative [97]. Von Rosing continukby stating thatthis missing link causea significant problem for the
technology achitecturewhich isrequired to provide an environmerthat satsfiesboth the strategic and
operational needs of the businesattempts have been made to manage this divitheludng business
process managemerjtt53 which focussesin optimising and organising processes in order to reduce
costs,reducetime and to add value, especially in complex syst¢@¥. However, these need to be
aligned with strategic objectives, information and technology.

Pereiraand Sousastated that Business, Information, Application and Technology are well understood
components in mostEnterprise Architecture Framework$154]. Figure 24 illustrates an integrated
Enterprise Architecture where the busineaschitecture is aligned with the information, software
applicationsand technologyarchitectures This ensures that thbBusinesss able to deliver the product
aligned to theobjectivesand processeand isfully supported by theechnology.
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Understand the as-is and
targeted to-be PLM

environments to meet
business objectives

Business Y
Vision Information

Strategy Objec_t identific_:atior!
Processes Information relationship:

People

Applications
Identification
Configuration
Development
Implementation

Technology
Hardware
Network

Deliver the PLM
system of
systems to meet
business
objectives

Figure24 Anintegrated Enterprise Architecture

To leverage the EA approathe PLM framework has been categorised into fdimensionghese are:

1 Information
1 Process

1 People and,
1 Technology

The responses to the questisshownwithin TablelOacross objectives, challenges and enablers were
categorisel using these four groups which not only hadigto structure the PLM framework budlso
enabla the organisation to break the PLM implementation problem into small chunks and target areas
for improvement relating to information, process, people or techiggld his approaclimed toassistin
supportingan organisatiorwith prioritisingand organisingts implementationin specificbusiness areas.

For example @ organisation mayalready have awell-establishedand effective PLM information
approach but requresspecificfocus on the people aspects

7.2 The development of the structure of the framework

For each interviewthe key points from the response to the questions were transcribéal Microsoft
Word and imported into NVivoThese key pointseflecteda summary of the response to the interview
guestion. This approach was designed to aid with future analysis by enabling efficient thematic analysis
as discussed ifection 6.5, including codification and theme generatiorA nodalhierarchy br the
interview questionsvasthen created inNViva The responses to each question for each interviess
then analysed iNViva Eachinterview responseto a specific questiowasgiven a code in NVivo which
summarised the key pot the interviewee was makinglhese codes &re created the first time this key
point was maddor that question Further similar key points made by the sameanotherinterviewee
had the existing code applietbr the same questiarJsing the same code for each gties allowedthe
context for the coddo be clear within the NVivo nodal hierarchyhen further analysis took placé&or
example a code which applied to a question on objectives would nahiseepresentedas a response
relating to challenges. Similar cadeouldbe applied but they would always be within the context of the
guestion
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Once all the interview responses for all the questions had laettysed and codedelated codesvere
grouped together and a theme generateitheme isa ‘Particular subjecbr issue that is discussed often

or repeatediQ[155. Each theme providka summary of the topics being discussed whigbre
represented by the code3he themes and codes for each question were then categorised as relating to
information, processpeople or technologyAn exampleof a theme generated bthe codes inNVivo
categorisedasrelatingto peopleis shown inTable12, thistable showsa set of codeshat have been
applied to the content of intervigs in NVivo.

Theme- Education, adoption and understanding value of PLM, and its relationship to qu
No of Interview No of
Codes
sources References
People- new ways of working 2 2
People- ownership 1 1
People- stakeholder engageent 1 1
People- understanding why its required 5 5
2 Kl G Q& A yWhatiare hebddefitsSH 1 1
engineers entering and maintaining the PLM dati

Tablel2 Example ofathemeand supporting codes generated from Q@escibe the typical challenges
you experienced with utilising PLM?

¢KS ydzYoSNJ 2F GAYS&a I O2RS KFa 0SSy LI ASR I ONZ
WSTSNBYyOSaQ O2fdzyyd® ¢KS ydzYoSNI 2F AYGSNBASsA 6KS
Nt SNIDASG &a2dz2NOSaQ 02t dzyyd® ¢KAA AYTF2NNIGA2Y 61 a dzi
individual or multiple interviewees, therefore enabling the detection of key findings which have been
GNRFy3dzE SR F ONR&a Ydz Ghowsith® naingsdaNiiz $édes agplied Thee2 RS Q
reflect a high level summary of the points being made by the interviewees. At the time of creating the

codes the researcher was not aware of what the findings would be. Once all the interviews have been
analysedthe codes for each question were grouped together into themes within information, process

people and technology. A code could become a theme if it provided an adequate description which
adzYYF NRA&Sa |y2iKSN O2 Ribcdtion addtiofe binddrdtasdingi vidlGe ofPKNE Y S W
and its relationship to qualitpy TAbjelOwas also a code, the other codes where grouped with this theme

in NVivo as they were making contributory points. This theme and codes were grouped hageople

category, as they were related to personnel challenges in PLM implementattma.approach to

generating the themes is illustrated fiigure25 Sructure created in NVivo to derive the research findings
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Nvivo

Node structure Source

Question (transcribed key points
(validation of research, from interviews)
objective, challenge,
enabler or framework
design)

Category
(Information, process,
people or technology)

<

J

A
L

Figure25 Sructure created in NVivo to derive the research findings

_

J

The interview questions wereepresentedin the NVivo nodal structure and the key points from the
interviews were transcribed and imported into the tool as shownAppendix A This allowed the
transcribed responses to be analysed in NVivo with the relevant responses allocated a code under the
nodal structure representing the question asked. These codes were then grouped into thersleewn

in Figure22in Sectior6.5. The themes and codes associated in NVivo with the question with which the
response was captured, enabling a direct relationship between themes and key point from the
transcribed interview. Thesthemeswere subsequently structured using the categories of information,
people, process otechnology. Thigprocess of mapping between NVivo coding, grouping and nodal
structure allowed the derived thaes in thissectionto have a direct relationship to the interview
responses and to each key point in order to croeference to the transcript iMpperdix A This
demonstrates a systematic approach to the aaptg of the findings and traceability of each of the
sections back to the intervievesponses.

The complete output of theNVivonodal structure developed in the interview analysis is shown in
Appendix CTheframework is theréore structured by information, process, pple and technology with
sectionheadings ofObjectives(Section7.4), Challenges(Section7.5), and Enablers(Section7.6) which

are directly derived from the interview questism Section6.2.

7.3 Confirmation of key challenges with PLM implementation on
ETO products

This section describes the responsegt@stion 1 which was designedtfurther suppot the challenges
with PLM implementation on ETO products discussé&dation?2.4. Followinghe feedback from theilot
interview, a set of PowerPoint slidéappendix Awascreated whichwasusedto provide the interviewee
with a leadin to the follow on questions and to providentextof the research including

9 An overview of PLM

1 An overview of ETO produgts

1 The research aim

9 The characteristics of the problem of PLM implementation in ETO pteds discussed iection
2.4.2 and,
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1 How their responses will be used to generate the significant contribution to knowledge
Question 1 wass follows:

Uhterviewer describes the key challenges identified in the research amkd
interviewee of examples where he/she has encountered them, would you add or
remove any®Q

The interviewees provided confirmation of the key challendescribed inSection 2.4 which were
capturedin the interview responsei Appendix BThe following statements provide summary of the
responses

1. Wrecognise a lot of these challenges particulanaritimeQB.23

2. Wou captured itwell, y@@ @S LJdz(i A (marief;from m@ Bagk@a@urd@usd experience it
is relevant and expected, | would note because of your background or research you touched on
key points which would have occurred to me natur@i;26

3. Wi Qa |y Ay doBkabitathierssf 8f challeriges ihat you articulated definitely apply to

large bespoke projectsa lot of these issues apply in part to less complex projectstainlythe

scale of the projects differentiagethemfrom other system engineering projex®B.8

Uh summary theyare really good ones intermsBfOandk S RAFFSNBy (i [BNR RdzOG &

WY ff NBf S dlagiéad prad@ctc@npl@XitylaBsolutely true, no brainier. Custr high

NAaiz,Bl2I3NBSRQ

6. W ¢g2dzf R FINBS 6AGK UKS Y. BiggasseigyShe yel@PcdsibiiaNSE R | f f
FNRY LINPINFYYSBI2 LINRPINIYYSQ

ok

7. WAl sounds very familia¢B.2Q
8. Wouldn't remove an@B.25
9. Wl relevant An exampleis no prototype, key challenge as a business, something we have

struggled with over my care©B.14
10. Everyone lecognis&B.7.
11. Challenges are valid and have been encountered on many projects | have @6rked
12. Whe challenges are accur§B.16
13. Wompletely, particularly inur area, we design and continually develop while the manufacturing
is ongoing, equipment would bsix years old by the time we deliver the design if you choose
COTS, hence why we evolve the design, develop and design while the ship is being
designed/manufaturedQB.18
14. Wes | definitelyagree with what you've said. Nét's comes to mind, as well as the project being
long teem and expensive, therare few organised businesses who can do this Q&9
The aboveresponses provided confirmation of the key challenges with PLM implementation on ETO
products.The responses tQuestionl provided confirmation that the challenges identified through the
literature reviewwere relevant to the industrial exgéence of the intervieweeslhese challenges are an
important input to the research as it differentiates PLM implementation on ETO products from other
product types such as ATO. They also provide an important doiateie subsequent questions which
identify more detail on specific challenges and how they can be overcome. These provide the basis for
the creation of the framework as describedS3ection?7.

7.4 Objectives of PLM implementation within ETO

This sectiordescribes theiterature andsynthesisathe interview responsem relation to the objectives

of a PLM implementationo meet the organisationatequirements Literature is used toidentify the
objectives ofPLM ando provide support or opposition to the interview respses.lt will also support

PLM objectives which may be taken for granted by the interviewees and not raised widely in the
responsesThe sectiordescribesin detail the objectives of PLM with the interview responsgsthesising
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what aspects are importano the intervieweesThisis not to state that those described in literatytaut
not highlighted in the interviewsare not important, but that theyvere acceptedy the interviewees in
a mature PLM environmentAs shown in Table 10 in Sectionimterview Question 2was used to
contribute to defining the key business objectivaduestion 3was used tddentify additional business
uses of the PLM environmentvhich were not necessaly key objectives ofthe individual being
interviewed

The following subsctionswere structuredaroundthe objectivesof the PLM implementatioframework

with respect toinformation, process and peopldhe analysis of the interview responses did not
synthesise technology as being an objective for the interviewees. Technaésgyentified as a challenge

for PLM implementation on ETO products and as an enabler to overcome these challenges to meet
organisational objectives. Therefore technolaggsnot defined asan objective but regarded instead as
being the means by whidlo meet the information, process and people PLM implementation objectives

of an organisation

7.4.1 Information objectives

The management of information is a requiremeftPLMin any NPD environmemaind this is reflected in
literature which supports the informain objectives in this section. The information objectives in ETO
products differ at a detailed level as they must mankgge volumes of information with various levels
of importance which are not stable throughout theNR R di#®ph&sés This sectiordescribes those
information objectivedor the implementation of PLM on ETO produafisich have been identified from
literature and synthesised from the interview responses through thematic analpssresults of this
analysis are consolidated withsubsections which describe the information objectives.

Theseinclude the hrough life capture, integration anshanagement of all evolving product information
from all stakeholdershroughout the lifecycle of the NPD process. Ensuring thatgespoint of tuth is
usedto capture evdving product information onceand used many times to reduce duplication and
increase qualitywas identified as an objective. The management of product configuratiorerailgent
changewas identified a anobjective in multipleinterview responses due to thimpact this has on the
NPD process on schedule, cost, risk and quality. The management of security, expmtiebactual
propertywasidentified as hecessatg ensure that the organisation responsibilities relating tgistation
and commercial responsibilities are adhered to.

The management of evolving product maturityas a requirement on ETO products due to the long NPD
lifecycle and the gradual development of the information to support the stakeholders. Ensuringhtbat
information is y-to date, traceable, relevantconfiguredand can be accessadas establishes asn
objective as this ensures that the information quality is maintained and that those who consume can
easily interrogate and consume The informatia objectives in the framework are illustrated Figure

26.
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Objectives

+ Through life capture, integration and
management of all evolving product
information from all stakeholders,

+ Management of product configuration

and emergent change.

+ Manage security, export and IPR

obligations.

Management of evelving product

maturity.

+ Up-to-date, traceable, relevant and
configuredinformationthat can be
accessed.

Information

Figure26 Information objectives

7.4.1.1 Through life capture, integration and management of all evolving product
information from all stakeholders

Throughout is entire lifecyclethe evolving ETO product information from all the stakeholders must be
captured in a structured way to ensure it can lnederstood it adequately describes the product, the
programme statusncluding qualityand any risks.

The literature described iBection2 has established the importance of information managentenbugh
PLMincludingBrunsmann and Wilkegho stated that the main goal of PLwbs to provide an information
backbore to the businesf29]. Thishas been reflected in the interview responsesludingB.2who stated

the importance of BoM management as a key business requirement for B.RBdiscussedis role as
understanding the performance of programmes from a design perspedaive that while he was in
project managementthere was a hug focus onrisk with BoMmanagement and BoM MaturityB.22
highlighted the importance of process to manage data includiagfiguration, change and BoM
integration and its flow into the production environment. A key objectit@@4was not to track data

but to understand the meaning of the information with regard to quality, risk and overall performance
measures for the programm@ue to the large volumes of ETO informatiibiis important to undestand

what information is useful for what context and lifecycle phase. For example there will be supplier
information, such as weight data, which provides important input into the overall weight management of
a Naval Ship. This information is requiredot® captured and understood, while other data such as raw
material information for pipes will not have the same value to the overall design.

The control of the BoM enabled throudifie was identified by) as an objective witfPLM enabling this
through product structures and associated metadd&a/ made a similar point when it was stated that it
is important to understand how to structure the data by breaking it down into managectilinks to
suppot the build. his leads to the creation of the engineering BolMe importantinformationon ETO
productsconsists othoseinternally generated within the programme and that provided externally such
as from suppliers. This includes, but is not limitedtbe BoM, documentsdrawings,3D modelwhich
describes the product maturity and the configuration status of the prodact change management
information.

B.18statedthe importance of PLM providing a means to integrate ithfermation to product artefacts

adzOK & aOKSYlI GAOa G2 SyadaNB ( Kektle blisks tRigacttdy WK |
emergent challenges due to information provided by the supplier which helps the development of the

LINE RdzO(G =z W& KSy 8A y S 82NH § B.23Bl2ZandB 27albhighlightedink iddortarce

of PLM througbut the lifecyclegensuring thait promotes integration of informationiirough to inservice
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support and disposalTherefore theinformation must be integrated to ensure it provides a complete
representation of the product and assists the programme in understanding its status and for managing
emergent challenges, such as infation changes from suppliers which impact the design

B.5specificallyraisedthe importance ohow controlling data throughhe design and builgphaseenables

the leveraging of this investment when-service.B.10stated the importance of being able teetrieve
information on components once they have been installed in order to establish when it requires
maintenanceand also to replace the item with another with the sarfeem, fit and function. The
environmental information is also critical witB.10 having to consider the radiation that these
components have been exposed to when planning maintenafbés establishes the importance of
planning and managing the informan throughlife so that each life phase can be supportéd. ETO
products have a lontifecycle there may be a focus on early phases such as system design to the detriment
to later phases which may be years' later, such as manufacturing asevite suport.

7.4.1.2 Single point of truth to capture evolving product information once and
use many times to reduce duplication and increase quality

Evolving product information throughout thidPDlifecycle must be captured and managed in a single
point of truth to ensure that it is not duplicated innintegratedmultiple environments where there is a
risk of misalignment and resultant quality issues

Akey objective as described bB.3 isto capture, organise and share information toadshe immediate
response to business needs.7 statedthat there is a need to collect data across the proddiifiscycle

such as concept, build and commissionagywell ago review information captured throughout the
productsQifecyclewhich was supported big.14 B.1statedan objectives tosource everthing fromtheir

PLM environment through writinthe dataonce usingmanytimes, and having aingle point of trth.

The importance and challenges of information reuse is also described in literature including by Brunsmann
and Wilkes Baxter, Ball et al., and Sivaloganathan 8hdhin29], [34], [49], [51].

B.2spokeof the importance of being able to trusthe information and of it being from a single source.
B.4describel the problemsthat their businesgaced with various ithouse developed datsystemsand

how they arecurrentlymoving towards a single integrated approaBh25spoke othis experiencesvith

BoM misalignmentcross different PLM systems which were using the same inform&t®gavean
exampleof where the procured BoM diaot align with the design BoM. Each BaMough the evolving
lifecycle of an ETO produist managed at a different level such as with the procured BoM being at the
parent level but the design BoM broken down to levels to support ufecturing. When these become
misaligned, such as due to design change, it causes quality issues and rework which has significant cost
and schedule implications especially in buBd7 stated that it has been recognised thatére havebeen

data quality issues across tgstemsused,but this is nowbeing addressedith activities underway to
improve alignment across the toolsets, including CAD, PDM andTBRFntegration oinformation,
processand technology was identiftkas a requirement in the Type 26 case study as discussed in Section
5.4.

Gonzalez andlonsodiscussed the importance of PLM systems integration with CAD and PDM in Naval
Ship and Submarine NPD and how it improves qualityraddces cost§54]. Therefore vinere there is a
requirement to share information through multipfeLM systemghese must be integrated to ensure that

there is a managed gateway to share from the single managed source where quality is assured. This
information must be trusted and easily accessible and retrievable to ensure an immediate response to
business needs.
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7.4.1.3 Management of product configuration and emergent change

Due to it long lifecycle and complexity the configuration of ETO products must be managed and baseline
captured at appropriate points to provide assurance of completeness and correctness of the bdgsign

described Configuration Managemeas ¥ management discipline 8R G2 Ol LJi dzNB, I yR Oz
and went on to say thatt is required for managing information in an extended enterprie is

challenging for people, process and technol@@jy CIMData described the importance of configuration
management in ETO products as thésea high volume of change which affects lasgale, complex,

products, resulting in a critical need to capture, understand, communicate and action change concurrently

with the design, maufacture and support phas¢s].

The capturing of the configuration baselines alignedwith the lifecycle phases of the ETO product such
as when a design area hagolved toa level of maturity to enable it to progress. An example is when a
design area progresses from the assessment to the demonstration phase as illustr&igdrigB. The
baseline will be captured showing the status of theide that was used as the basis for the stakeholders
to make the decision to progress.

B.8stated thata key objectiveavasbeing able to control and understand the various engineering baselines
and beable to refer consistetty backto them. This configuration of the design as it evolweas also

stated as a key objective of PLM Byl4 who also highlighted the importance of configuration
management in the PLM environment due to the time it takessthe design to evolve through the
lifecycle.B.11describedhow the management of multipleonfigured baselingersions should be from
cradle to graveAn example of this statement is to ensure that baselines are captureddtimportant

design lifecycle phase and can be reviewed if there is emergent immaturity issues discovered at later
phases. Another example is to demonstrate to the customer that the configuration of the design is being
managed throughout the lifecyclenpses, improving qualityf the product

Capturing baselines for evolving design areas at the relevant lifecycle phase enables change management
to be progressively deployed. This approach supports control of the design when it has reached the
appropriae maturity level to enable the next phase to use this information to further evolve the product,
without uncontrolled updates by other stakeholdeEorexample thesystem design ofraarea of anaval

ship cannot be updated without a formal change ondasi$ progressed through the assessment phase.

B.8described howonfiguration managemersupports coherencesompleteness and correctness of the
datawith a key objective beingn efficient design with the minimal number ofiisgionsafter the design

is constraired into change managementheassurancef completenessvasalso statedas an objective

by B.16 B.27 describedthat their PLM environment ensures the configtiom management of their
product ismanaged effectivelyHfective configuration and change management ensures the customer
has a design which has been agregmbn and any differenceto the agreed baselinare sibsequently
managed through aobust processThis also supports the organisation with proving that they have an
agreed evolving design with the customer. This is important due to the long lifecycle of the design where
different customer representatives can be involved in the s@®sign area acrossany years.

B.24stated that tradng information and the implicationsin terms of measuringnaturity, quality, risks

and performance is a key objectiveef PLMand B.4 stated that effective configuation and change
YIEyYylF3aSYSyld SyadaNBa (KS Ay T2 N¥regiiverfeyits R asideigeNdg & Y S S
BoM which they can use to plan maintenanBel1lnotedthe importance of configuration management

in the conext of variant and applicability managemento@monalityis required to be managed across
variations of products such as withgasturbine room which could be theame forthree variantsof a

product, however theweapon systemscould be different. The Gobal Combat Ship (GCS)s a good

example of thisthey are based on the same product with the Type 26 being the reference ship, but the

UK, Australia and Canada all have different radar systems. The differences in these design configurations

are required b be managed.
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Therefore the PLM implementation must be able to manage differeng@cross variantdased on
customer driven changes or obsoleace As discussed ifection 3.5, change management is extremely
challengingvithin ETO products due to the iterative nature of the new product development process and
the emergent design changes tipiesents Section3.5describes the long lifecycle of the development of
the product and how the impact of ehge increases as the desigmtures;often these changes can be

of a high volumevhichwas raised byB.1 Thiswas supported by the interviewsvith B.23emphasising

the importance of managing engering change, regardless of the size, andabtresequent cosimpact
Without the effective management of change the cost to the programme will éatgr than that of the
change management process. Tiisnt wassupported byB.25 describinghis experience with significant
cost implications due to changence productiorhadstarted

These cost overruns can be related to the level of change late in the lifecycle which result in rework in the
manufacturing phasefor example when there is a late or poorly managed chan@acethe design is
authorisedthat it ismature enough for manufacturing to begitne design is configured intolzaseline

and locked into change controAfter this pointthe cost implications cdny rewok can be considerable,

as shownin Figure6, in Section2.4.2 Thereduction in rework is dusinessobjective of PLMn ETO
products

B.2and B.23both highlightedthe importance of a configuration management approach to manage the
product with project management principles to manailpe changeprocess This ensures that control
mechanisms can betilised to ensure downstream processes, such as detail design, planning or
manufacturing, can be executed using stable information. It will support the understanding of the impact
of change and that the embodiment of potentially large volumes of emerghahge is managed
throughout thelifecycle It will also ensure that the customer agreement on the status of the product is
agreed and captured

7.4.1.4 Manage security, export and IPR obligations

The PLM environment must ensure that the information is appropiyatéassified with regard to its
security, intellectual property rights and export with the access constrained to those with the appropriate
rights. These PLM requirements atiscussed in literature iection2.1suchas withTaucherwho stated

that managing export information is a critical business objective with PLM being a key enabler for meeting
these requirement$24]. Others such as Jatt and Taylor discussed the regulations of those who operate

in the defence sector that face heavy fines for bread@8k These regulations include security and export
controls.{ (i 2 S Lét ay diskudsed the importance of managing IPR and the implication of it falling into
the wrong handg26]. ETO products have multiplerganisationsthat operate across the extended
enterprise These organisations may be partners ia #xtended enterprise but competitors outsifi#.

The management of export and IPR in ETO products increases when there are multiple variants, such as
with the GCS. The UK, Australia and Canada have different security regpiserasulting in careful
consideration required when sharing information. Each country will also have their own IPR as will the
adzLILJX ASNR& Ay @2f OSR Ay LINRPGARAY3IA AYTF2NXIGAZ2Y 27
Some of these prodzts will also have export regulations, such as ITAR, which are required to be managed
to ensure only those with approval can view the information.

B23 highlighted PLM will help to manage the challenges associated with .IBAR describedthe
importance of security and resiliencéherewere limited interview responses relating to security export
andIPR dueo the interviewees discussirtge specific objectives they required their PLM environment
to support Scurity, export and IPBre standard objectives which amequired across an ETO product
such asmaval shipbuildingThese obligations are a critical requirement of PLM especially in the defence
industry where the existence of the business épendent on being able to manage security and export
regulations.An example is witlB.1who raisedIPR asa PLM challenge but did not raise it a$LM
objective.
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7.4.1.5 Management of evolving product maturity

Measuring the maturityf the evolving design is critical ETOproducts. Maturity is managed to support
decision making and to fully understand the status of the programihés is due to the design evolving
throughout the long lifecycle of the product based thie phaseddelivery of informationfrom suppliers
which isused to progress the desigiicksand McGovern described maturity managemead an
objective of PLM in ETO produd8 and Lee efal. stated that PLM must be able to cope with the
management of the evolving maturity of the product, especially as there is no physical pe[ag}p

During design reviewsas stated byB.2 they use maturity levels of the information to understarisk;
therefore, they can determine whether a level of maturity is suéfit to allowthe design topassthe
review,or whether itis deemed too immature to proceed.

The design maturity information is used by the programme to define the schedule, to meigsure
performance against the plan, to uas criteriafor progress totie next phase of the programme, and to
understand and mitigate riskhe maturity levels for the product are aligned to the prognagnschedule

so specific aspects of the product are identified as having a target maturity date for specific design
reviews. This ensures that the evolving design supports the agreed manufacturing dates with the
customer, andthe programme risk due to immaturity can be identified and targeted for resolution. An
example is the maturity othe propulsionsystemwhich must reach devel of maturity to allow other
design systems tmature, such as HVA@quiringthe mature wild heat data fronthe gas turbine.The
maturity of thegas turbinemanaged in the PLM systeemables theprogramme to reach a decision at

the design reviewasto whether the programme schedule is at riskhe management of maturity to
support the evolving product development and to manage the costsamgdule wasglso identified in

the Type 26 case study as discussed in Sebtibn

B.5 supported this link to maturity and programme schedule by stating that they use the PLM
environmentto understand the status of the developing maturity of the product, includifigthe
information required for the next phse of the contract, includindesign artefacts, supply chaémd the

cost information.Managing maturityn the PLM environmentas further supported by.16who stated

the importance okstablishing a matity level to definea standard of completeness for entering the build
phase B.20stated that they take a hard line on maturity before manufacturing; therefore the maturity
status of the product must be fully understood by their programme managgme

It is critical that when elements of the key maturity targets for the product have been reached,
configuration management rules can be established to constrain the product into change control. This
provides a mechanism for stability for the next phadehe programme. An example is between the
system(assessmentand detail desigridemonstration)phases. Once the system design has reached
maturity, the relevant information is constrained to change control to allow the detail design to progress
with the knowledge that any changes will be driven through the change process. The same principles
apply for each phase of the programrmech as entering the manufacturing phase

The importance of maturity management was also highlightediywho describedhow maturity is
raised in every programme discussion by senior managemetB.24stated that akey objectivewas
the trackingof maturity information

7.4.1.6 Up-to-date, traceable, relevant and configured information that can be
accessed

PLM must ensure that the ETO programme can capture andagea product information and st
provenance using a methodology which ensures it is configured, easy to access and understandable by all
stakeholders in all geographicacations.Matsokis and Kiritsis stated that the PLM environment must
capture information and provide traceability throughout the lifecycle of the product and also that it must

be useful and not just a data dunfp2]. Tang and Qian hidjghted the importance of version and audit
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management of the product informatioi33]. Brunsmann raised the importance of being ablectivieve

and undersand the information easilylhe interview responses suppdftese requirementincludingB.2

who statedthe importance of othebusinesdunctions being able to access information provided by the
owner. The examplprovidedwasmanufacturingplanningwhich uses the master information provided

by engineering to plan activitie®LM must ensure that multiple stakeholders across the lifecycle have
access to mastereahot duplicatedjnformationand thatit canbe utilised at the pant of need. This also
relates to theconfiguration and change management objective discussed previausére any changes

to the information must be communicated to thoseho are utilising it for downstream activities, sua$
engineering changes whichffect planned manufacturing activitiesThe capturedhistory of the
information in the PLM environment enablésose who utilise this information to understand at what
point it waschanged and why, therefore supporting the impact of any changes, or deggjation,on

their activities.The integration of the BoM, its level of detail to support all the business functions and its
relationship to product change management was identified as a requirement for the Type 26 case study
as discussed in Sectiob and5.3.

Thestakeholdergequireefficient and easy accessinformationacross the entire lifecycle and extended
enterprise Thesestakeholders within a naval shipbuilding contéxtlude the cutomer, engineering,
supply chainmanufacturingplanning, nanufacturing programmemanagementfinance, safety, testing

and commissioimg, and inservice suppottB.17describedthe need for helpingo enable geographically
dispersed teamdo collaborate which is important in an extended enterprise such as Type 26 and has an
even greater significance in the GCS where the stakeholder will be in different time Bd3satedthat
capturing, organisig and sharing information to support immediate responses from stakeholders to new
or updated information as the prime purpose of PLM. This is to ensure that new information is
promulgatedthroughout the extended enterprise and its impact assessed andtstdod by all relevant
stakeholders across the entire lifecyclénis is critical in ETO products due to the emerging information
throughoutits long lifecycle and overlapping phases in gasplanning and manufacturinghich if not
managed will resulin incorrect or out of date information being used wihbsequenguality, rework,
schedule and cost implication€onsequentlyupdated information isrequired to support evolving
maturity but may alsaesultin a quality impact which may have further e¥pussions in manufacturing
rework. An examplasa change to an electrical interface point on a gas turbine which results in the CAD
model update of the part and the related electrical routing design. If this information is not easily
accessiblethe chagenot understandbleand the impact cleato the manufacturing planningeamthen

it could be overlookedThiscouldresultin rework in the manufacturinghase wheret is expensive to fix

with the subsequent cost and schedule implications

B.6describechow the ETO product is developed based on information provided by suppliers and that the
PLM environment assists them with relating to unanticipated probleBrssuring that albusiness
functions communicate &ctively through PLM was raised %.15 as being a key objective.
Consequentlywhen data is capturedit must be configured in a wafat is understandable by lathe
functions. Eamples of this are througthe use ofmetadata against the part whichlefinesits key
technical parameters and are used by numerous stakeholders in the design and manufacturing of the
integratedproduct

Having easy access to the relevant information is also important to not only allow the customer t
interrogate the product to determine alignment to their requirements but also to demonstrate that there
is a robust approach to information managemgmhich is an important enabler to customer satisfaction
as raised byB.26 B.5 describedhow this alsohelps to sell products as it provides evidence that
information is managed which improves cost control and lowes price. This was an important
consideration with the success of the GCS as the alisstrand Canadian customers clearly expressed
that the management of the product information was a key requiremdéhti4 stated that the PLM
environment supportglesign collaboratiomcross a wide range of stakeholders anthiasrepository of
information across the lifecycle of the produand which again was an important factor in the GCS bid
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7.4.2 Process objectives

EffectivePLM businesgrocesses arenportant for any NP@&nd those objectives identified in this section

are supported from literature which can relate to ETO or other product types. ETO products differ due to
the complexity and uncertainty throughout the lifecycle which requires these processes to be adapted to
support thesdlifferences This section describes th@procesbjectives for PLM on ETO products which
have been identified from literature and synthesised from the interview responses through thematic
analysisThisenabled subsections to be created which describepraessobjectives.

These objectivesntlude supporting the design and build for product safety and environmental
considerations. Enabling quality through right first time to reduce rework is an objective due to the lack
of a physical prototype which would otherwise mitigate build issues. €3g@s to support product
development and build collaboration across all stakeholders in ETO products is impast@ensuring

that the schedule and cost is managed to maximise profit, to reduce risk and provide value for money
for the customer. As BD products are highly customisddentifying and enabling standardisation in
design and build is another objective discussed in this seclioa.process objectives in the framework

are illustrated inFigure27.

Objectives

+ Supportthe design and buildforproduct
safety and environmental
considerations.

+ Enable quality through right first time

and reductioninreworl.

Enable product development and build

collaboration across all stakeholders.

+ Cost, profit, riskreduction and value for
maoney.

+ Enable standardised design and build.

Process

Figure27 Process objectives

7.4.2.1 Support the design and build for product safety and environmental
considerations

The design, build and #service support of an ETO product must ensure that Safety, Health and
Environmental (SHE) adphtions are managed. PLM will support this objective through providing
processes which enable the necessary SHE information to be captured and managed throughout the
product@ lifecycle As discussed fBection2.3, PLM suppadss NPD in relation to meeting Sk#fjulations

Stark stated that not only will PLM assist in capturing and formatting information to meet SHE regulations
but will also provide audit trails as why decisions were tdR&h Duqueet al.andBarretoet al.discussed

how PLM supports green manufacturing and sustainability by tracking materialsiruskd product
throughout its lifecycle. This is supported through the interviews such asBuitvho statedthat PLM
provides evidence with regard tihe management of inform@on to support product safetyProviding
evidenceof design for product safety is an important element of NPD and PLM could provide this evidence
when required. On investigation of previous product failures such as with the Nimrod crash, a lack of
evidence of design for product safety has been identifaetd included in recommendations for
improvement [57].
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The challenges specific to ETO products describ&ldtion 2 require robust PLM processes relating to
SHEsuch as ensuring correct datarfatting and attribution, but as stated .24 PLM also supports
involvement from the product safety team to ensure they can influence the deshga is achieved in a
number of waysncludingaccess to the emerging produictformation across the extended enterprise
throughout the lifecycle. As the data is structured in a configured way with a full audit history displaying
how the data evolved, then it makes it considerably easier while undertaking the bupimessses to
understand any SHE implicatiols20also statel that safety considerationare a key business objective

for PLM This enables the NPD stakehold&rsupportand monitor the evolving product development
ETO productthroughou its long-lifecycle and provide SHEports directly from the PLM environment.

It will also provide evidence to the appropriate regularity bodiest SHE legislation is being met.

7.4.2.2 Enable quality through right first time and reduction in rework

As discussd inSection 2.4, ETO productkack a physical prototype and have overlapping life phases with
design areas reaching maturity as different times with emergent product development behaviours
impactingthe programmeHicks and MGovernstated that ETO products are subject to product change
through the lifecycle of the programni8]. These camesult inquality issuesvhichcan have a significant
impact on the programme schedule and cakie to rework The cost of quality increases as the
programme matures, with resultant cost, schedule and reputational damage.

Quality is a topic whictvas consitently discussed in both the literature and in the interview responses.
The literature inSection 2 highlighted the role thaPLMhas inimproving quality and reducing rework
throughout the lifecycle of the producB.2 and B.25raised akey objective for PLMo support the
reduction in rework due to improving quality, therefore reducing cost to the progranBri2provided

the example ofifed items, which are those&eomponentswhich have a specifiife thenthey are required

to bereplaced e.g.,hosesconnectingequipment items. The information and related processes must be
managedeffectively, including item description, location, fittingitd and maximum life span before
replacement.

In ETO productghese componentsnumber in the many thousandso a poor PLMimplementation in

this respectwill result in considerable cost in the manufacturing phase as the prograstakeholders
attempt to understand what items need replacing and whBriLlOandB.20both stated that inhazardous
ETO environments such asuclear facility om particle collider the qualityconsiderations are criti¢as
rework has a considerabtmst oncean item has beefitted in aradiatedenvironment itcamot be easily
removed.PLMsupportsimproving quality and reducing rework by managing the evolving design, build
and maintaining the product iservice and assiss with the management of emergenproduct
development behaviourthroughout the produc® lifecycle. This includes identifying the implications of
thesebehaviourdo ensure that quality is not impacted and rework is reduced

Using PLM as an enabler meet quality objectives and reduce rewakowsorganisations not only to
better protect their cost and schedulbut also to protect against reputational damage associated with
poor qualityand cost and schedule overruns

7.4.2.3 Enable product development and build collaboration across all
stakeholders

PLM is required to assist with the mobilisation, integration and collaboration of stakeholders throughout
the lifecycle of the ETO product. Due to the scale and-libegycle of the ETO product there are
thousands involved who have various skills and functional objectives. They will be in different
geographical locations and from different organisatiomhis objective has increased in importance for
the GCSas Australia and Canada will integrate their spegifimduct requirements into the Type 26
reference design. As discussedsattionsl and 2.2, enabling collaboration throughout thePDprocess
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is a widelyconsideredand fundamental objective of PLM the literature Gomezet al. highlighted how

PLM removes traditional problems of silos of information and will enhance collaboration across the
extended enterpris¢35]. The ability to mobilise disparate and physically dispersed stakeholders towards
collaborating on a desigmasalso captured throughout thenterviewsby B.14andB.17 Examples include

the integration of engineering processes with those of manufacturing planning to ensure that the design
can be effectively built. This also allomsnufecturing planning to have visibiy of the design to allow

them to undertaketheir planningprocessearlier, therefore reducing the lifecycle of the programme
and as a result reducing riskhis was raised as a specific requirement on the Type 26 azdeast
discussed irBection5.5. The same can be said for other business processes such as collaboration with
engineering, product safety and the commissioning of the asldaised by.2 The inerviewees did not
widely raise collaboration as an objective of PLM considering its importance and relevance. This may be
due to collaborationusing PLMeing a fundamentalequirementfor their organisationsand accepted

similar to security, export andPR requirements.

The PLM processes deployed must ensure that each stakeholder understands how to achieve their
deliverables including the interfaces withe processesised by other business functiorishese processes

may be used by thousands of stakehaklacross multiple geographical locations. ETO products will reply
on PLM to support understanding of the emergent process behaviours such as product change, and its
impact on the various business function processes.

7.4.2.4 Cost, profit, risk reduction and value for money

There is a history of significant cost and schedule overrulasge scale compleprojectsasdescribed in

the literature in 8ction2.4.1and illustratedn Table2 in Sectior2.4.1 These overruns include public and
private financed projectsin objective of PLM is to assist in the management of risk through processes
which enables the capturing and presentation of the programme information. This supports the
management team in identifying and reacting to programme performance

Theneed for cost managemeiais an objective for PLias also capturedvithin the interview responses.

B.22 stated that PLMmust support profit for the busines providing more for lessand supported by
appropriate metricsB.5statedthat information isthe building block to drive and sell your produand

that if you can control your informatigryou can better control cost and énefore your price Without

PLM there would be no effective approach to the management of the programme cost and schdwtule
importance of profitability to an organisation is raisedtg6as a key objective of PLNhis iglue tothe

ability of PLMto reducerework andasa risk reduction for exposure to warranty codBs26statedthat

PLM is a key resource for customer satisfaction through providing value for money and improved
assurancethatK S LINBP RdzOd Y SSGa K SB.2@stediti2atPISVNEIES toNdsldradahodNS Y Sy
customerrisks;therefore, they can be managed more effectively which will drive risk reducliberefore

PLM will also assist imanagingthe programme performance and fgeroviding assurances to the
customer that they are receiving value for money by proving appropriate metrics on programme
performance, such as with the design maturity against the plan or the status of identified risks

7.4.2.5 Enable standardised design and build

As describedin Section 3, the literature on PLM for ETO produdts sparse. fie objective of providing
standard design and manufacturing processes to the design and build ofsieaige commx products

given their unique challenges not widely discusse®ulkkineret al. discussd how PLM can enable the
standardisatiorof manufacturing processes, batso commentedhat further research was requireit

order to achieve thi$156. PLM enables standardisation of processuch aswith the Siemendrocess
Frameworl157] but these do noprovide guidance on the challenges of ETO products and the difficulties
with standardisation These challenges include the highly customised nature of ETO products as discussed
in SectiorB.4. This results in difficulties witstandardising design and manufacturing processes. The lack
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of a physical prototype as discussed in Sec#agh8 means that design and manufacturing processes
cannot be refined using prototypeBue to the highly customised nae of ETO products and the lack of

a prototype, there are a significant number of processes which arestemmdard and therefore not
repeatable, especially in the build phase. This leads to inefficiencies and risks to quality and safety due to
the limited opportunity for continuous process improvemert requirement was identified in the Type

26 case study for repeatable standardised manufacturing processes as disicuSsettbn 5.8.

An intervieweecapturedthat a key objectte of PLM was to enable standardisation in the design and
build. B.12statedthat there was a needb introduce standardisatioasthe wholeproductcould not be
prototyped; instead prototyping aspectsof the product examplesinclude identifying repeatable
manufacturing processes in build and refgtiback to the design procedis is discussed further in the
Type 26 case study in Sectibr8. Therefore anobjective of PLM is to assist in the idiication and
management of processes which can be standardised, with the resultant opportunities for continuous
improvement. These improvements can be used to influence other stakeholder processes, such as
improving design for build or support.

7.4.3 People objectives

For a PLM implementation to succeed on any NPD those objectives which relate to its people must be
understood. The people objectives described in this section are similar to those in other NPD projects but
there are specific differences with ET@gucts compared to other product types which require the
objectives to be tailored to meet the ETONE R de@ds.(This section describes thadgectives for PLM

on ETO productwhich relate to people. Theseve been identified from literature and symsised from

the interview responses through thematic analygsulting in the creation of subections.

The people objectives includeabling collaboration across multipteswhen the ETO product has
many thousands of personnel interacting acrosstipld geographical locations who have different
skillsets and experience®emonstrating to the customer that the product meets requiremeastanother
objective as the ETO product is highly customised to meet the needs of one or a few customers. This is
also important as there is a long design and build lifecycle and neither the customer nor the organisation
responsible for delivery can wait what could be many years before the product is complete, to determine
whether it meets requirements. Supportingrganisational knowledge management addarning is
important as the programme personnel will have different skillsets and experience which will require PLM
to support the integration of their business functional output with that of others. Using PLM to stuppor
the improvement of decision making is another objective in ETddyuts as this can be difficult due to

the multiple business functions and the large volumes of information which without PLM would be
difficult to manage and interrogatd.he process objéiwes in the framework are illustrated Figure28.
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Objectives

+ Enabling collabaoration across multiple
sites.

+ Demonstratingtothe customerthat the
product meets requirements,

+ Support organisational knowledge
management and learning.

+ Enableimproved decision making.

People

Figure28 People objectives

7.4.3.1 Enabling collaboration across multiple-sites

The increase in globalisation has resuliadthe growth of engineering collaboratiofl58], and ETO
products are no differenfETO productsequire significant facilities for build and highly skilled personnel
which are difficult to obtain. To gain access to these resources raaultakeholdersbeinglocated in
geographicallydispersediocationswith many thousandsollaborating,include industry suppliers the
customer, and the userThere are benefits for ETO products but the difficulties are considerable because
of the unique chadénges of ETO products as discussed in Segtibrrhisgeographical dispersioaf
facilities and personnel, such as with the GCS who have resources throughout the UK, Canada and
Australia,can result irdisconnecs such as vth new information through the evolving product or change,
and communication betweerngineers irthe design process. These disconnects can occur throughout
the lifecycle of the programmes those involved do na@ngage irphysicallyinteraction or are £parated

by time zonedo progress the design and build, identify issues and resolve problems.

PLMsupportscollaboration across mufile sites through capturing and sharitige right information at
the right timein a structured wayo those who hav@ermission resulting in improved and more accurate
decision making[158]. This does not replace the personal interaction thas irequired between
stakeholdershut rather is a foundatiomo provide appropriate and effective suppddr information and
process orientedcollaboration. Examples of collaboration can be on 3D models where visigalisat
technology has improveproduct development across locations both nationally and internatiofh8§)].

An example of this is with 3D CAD visualisations being used by the GCS to improve design reviews by
reducing travelling and giving stakeholders access to the @Aadel in a 3D environment. The€&AD
models are enhanced by relating engineering and manufacturing metadata such as attiibb®gs
related documentation or change informatioThese reviews can engage AOAD specialists duo the
high performance but low network bandwidthsualisation toolsvhich allow interrogation of the 3D CAD
model integrated with the BoM. These apackaged in most industifgading PDM systems, such as
Windchill and Teamcentdd58]. ETO produstsuch aghe GC®enefit as hugly complex spatial CAD
models can be shared in lightweight formats with stakehad@eross the globe, improving collaboration
in the design, manufacturing and customer acceptance proce3ses cdaboration will differ depending
on the objectives of the stakeholder; it may include cajtg and sharing of informatioto progress the
electrical design, tsupportdesign reviewgfor progressiveeustomer acceptancer for collaborating on
3D CAD deatopment
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7.4.3.2 Demonstrating to the customer that the product meets requirements

PLM must provide the customer with the assurance that the product development meets their
requirements and that it will be achieved to cost and schedule. ETO products are higfomnised and
must ensure that it meets requirements before the prodisctomplete, which may be many years after
contract award.

B.24describeda key PLM objective wder information to confirmthat the solution beingdevebped
meetsthe customerrequirements andhat it will be achievedo time and budgetThis isparticularly
important with ETO productthat are often government fundeas theyrequire evidence of taxpayer
value for moneyandthat they meet the strategic rezls of the nationThisisimportant as they are often
scrutinisedcarefullyby politicians and the national audit officEherequirementof providing evidence of
taxpayer value for moneyasalsoidentified byB.20as a key bjective for PLM.

B.18indicated that equirements decomposition and management is a key PLM obje&ld can assist
with not only requirements decomposition but also relating the design solution to the decomposed
requiremens assisting with customer acceptanéglating the design to enable customer acceptance
was stated byB.25as teing a key objectivelt was stated that the design definitioras managed and
presented by the PLM system of systemvben handed across to the customehould help to maintain
the product through life This isa key requirement for any ETO product whalesign for support anah-
service support is hugely expensiv®.25 also stated that this design definitionwill help to be
internationally competitive for export bid$staying ahead of competition iscansiderablebenefit given
the major export bidvins for the GC#hich had competitive bids bimajor Naval Shipbuilding companies
for the Caadian Surface Combatant (CE®0 and the Australian SEA 5000 programibél]. Howeve
B.25also warned that it must be efficient and not addcost for no return.

Therelationship betweernthe requirements andhe design supporta quality product withcustomer
satisfaction and aids in customer acceptance aodcluding contractual obligatiorss raised byB.2],
B.26andB.27. Customer acceptancedballengingn ETO products due to thdiighly customised nature,
longlifecycle and complexitylndustrywould prefer a progressive acceptance process as early in the
programme lifecycle as possibkes this mitigates a considerable risk of the customer rejectiagents

of the finished productRejection of the finished produét anextremely difficult and expensiyaoblem

for industry to resolve. ETO products f@wa considerable amount of customer interaction in the
programme lifecyclas discussed iBection3.3. Relating their requirements to austomised product is
extremely complex. PLM can mitigate this by progressive acceptance using the 3D CAD model and the
integrated design information providing evidence of requirements being met. This can be achieved before
manufacture commencewhich mitigates expenge rework in build The results of acceptance can be
captured in the PDM systeiand related to the requirements systerwith the appropriate approvals,
yearsbefore the actual handover. This approdebsenghe risk at customer handover whichay beten

years after the design igreed and where different personnelay have different perspectives on the
requirement, design and finished produdt. will assist with monitoring the design and build which
provides ongoing evidence to the custonaerd enables lifecycle phases to be passed. This evidence based
approach is important due to the loHiecycle of ETO product development where personnel will change
and agreements otherwise potentially misinterpreted or forgotten. This progressive acwepiaill
contribute to the customehavingthe necessary mechanisms for them to maintain the product threugh

life, as any support issues can be identified earlier in the product lifecycle.

7.4.3.3 Support organisational knowledge management and learning

PLM mustsupport the capture of knowledge withithe organisation and enablesitreuse to improve
business performance. The huge investment in the ETO product means that efficiencies in sharing
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knowledge can enable significant benefits through improvements dirdotlghe product itself or
indirectly through enhancing the skills within the business.

This reuse of product knowledge with PL&hablesproduct knowledge capture and sharing across the
programme® lifecycle[162]. An example is with product change management whichseduto drive
improvements through correcting identifie differences from the baselin@lesign. Implementing
improved methods to the product development process to capture knowleagjag PLMwill bring
benefits to the product development procelsg capturirg, structuring and processing information that is
generated and therefore transforming experiences into knowledge that can be used by the business
stakeholderd163.

B.6 describedhow PLM can be used to capture and configure knowledge from etigineering
environment, in order to suppornanufacturingThe PLM environment will provide mechanisms, such as
the change management process, to capture arahage improvements to the ETO product design, build
and supportAs ETO products start manufacturing before the design is complete, there is inevitably a risk
associated with the volume of product change to the configured baseline. This may be due thicosre

to resolve issues identified later in the lifecycle, or it may be to include additional maturity information
which requires the design to be updated from what was agreed through the design reviews.

The knowledge used to manage changes can be capaumd reported through means such as attribution

and relationships to the affected product artefacts. As ETO products hawrgent challenges
throughout its lifecyclecapturing why these changes occur will help withir resolution and for future
avoidance. This knowledge should be used to directly enhance processes and information management
approaches. These may be within specific functions, such aswaittufacturing planningor capturing
knowledge from manufacturing back into the design through ifuatjueries or formal change
management. This will improve the quality of future build sections where engineering has not yet
completed due to the phased lifecycle of the ETO product, i.e. manufacturing starting before the design
is fully complete.

7.4.3.4 Enable improved decision making

PLM provides a managed and structured approach to present configured information which can be
trusted. This enables the stakeholders to make informed decisions on the ETO product. The information
must be captured from the variolmisinesgunctions and have appropriate reporting mechanisms based

on the requirements of the stakeholderSadksvuori and Immonestated that PLM improves decision
making and decreases approval time by capturing and sharing information in a structuré¢tidvay

PLM providesccurateinformation from theBoM which includes supplier delivery lead timesiah is
used to leverage the market for the best possible deashighlightedby B.17 This also supports the
customer value for monel?LMobjective in Sectioi7.4.3.2

PLM enables multbusinessfunction integratng across detail design, supply chain, manufacturing
planning and system design by publishing the physical desigevimw by these stakeholdees stated

by B.14 Themore informed decisionthat can be mde by these stakeholders using the information
managed in the PLM environmeasthe greater the benefit to the ETO NPD

B.24raisedthe importance ofgenerating and usingeports fromthe PLMenvironmentto integrate the
design and enaltes an improved understanding gfogramme statusPLM can assist witheducing
decision making and approval timescales by leveraging the structured information through the reports to
provide an immediate, upo-date status of the programmeB.24went on to highlightthat identified
issues came usedat the gate reviewsandused toevaluatethe desigrand agree whether the product is

at a level of maturity to progress to the next phase
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7.5 Challenges of PLM implementation within ETO

This sectiorsynthesises the interview responses in relation to the challemgbts PLM implementation

on ETO product#\s shown in Table 10 in the Section 7 introducti@uestion4 wasused to capture the
typical challengeg$aced by the interviewee when utilising PLM. Question 9 was used to capture any
further challenges which the interviewdselievedwould impact the transitioning from an as PLM
environment to one which incorporates the improvements they require. Tipisraach was designed to
capture any further challengehbat the interviewee may not have consideredQuestion4 asthey had

not yet been asked and considered what improvements they require in a PLM environment to meet their
business objectives. Questioh® and 11 were used ftprioritise their challenges in terms of impact and
effort if there were more than onechallengeidentified. This was used in the thematic analysis to
determine what challenges had the greatest significance.

The following subsectionare thechallengesf the PLM implementation frameworknd are structured

by those which relate tenformation (Section7.5.1), Process(Section7.52), People (Section7.5.3 and
Technology(Section7.5.4). There are related to the challenges with PLM on ETO products as described in
Section2.4.2but are captured at a more detailed level based on theegiences of the interviews.

7.5.1 Information challenges

There ardnformationchallenges relating to PLM in any NPD environment but those which relate to ETO
products differ at a detailed level as they must manage large volumes of information with variolss leve
of importance which are not stable throughout the various life phases. This section describes those
information challenges for the implementation of PLM on ETO products which have been synthesised
from the interview responses through thematic analysis.

These includegdentifying, managing and presenting emergent complex information for management
decision making where there are large amounts of information which have various levels of importance
throughout the lifecycle of the product. Another challengentified was integrating complex product
information throughlife across multiple toolsets where the same information is used to support a
business objective in different technology environments by different business functions but can become
misaligned de to the evolving design or through product change

The management of product information maturity and its relationship to chaogafiguration, schedule
andcostwas identified as a challenge. This is due to the maturity of the product information bsétp

to understand the status of the programme but is required to have configuration management and
change control applied to provide stability to the design. This presents difficulties due to design evolution
and emergent change resulting in additiovedrk-scope which had not been planned or costdthe
information challenges in the framework are illustrated=igure29.
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emergent complex information for
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through-life across multiple PLM
technologytoolsets.

+ Management of product information
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Information

Figure29 Information challenges

7.5.1.1 Identifying, managing and presenting emergent complex information for
management decision making

There will be difficulties witthe identification, management and presentationgbduct information in

the PLM environment for management decision making in complex ETO productss dhés to the
information which can relate to areas of significant programme importdngeare difficult to identify

within the large volumes in the PLM environmemhe importance of information will also vary as the
programme progresses through the lifete phases. For example, information on the 3D detail design
CAD model will be of minimal importance in the system design phase of a Naval Shipbuilding programme,
but will become increasingly important as the programme progresses.

As highlighted by B.§ there is achallengein understandingthe status of the programmeand the
identification and resolution gbroductissuesvhich may impact the programm#&Vith ETO productshe
schedule is aligned with the product developmetiediyde phase Therefore if there are emergent
product issuesuch ador example the identification late in the design phase afgas turbinecooling
requirement for the HVAC design on a Naval Shipbuilding programme welgjaliesrework, then this
will have a direct impact on the schedule.

B.26 stated that there were different approaches to supply chain procurement across partners within
their project, which impacted production activities; the simple example used was bdlfittimay nuts.
Therefore if information relating to supgichain activities is not managed effectively, and the issue is not
identified through the PLM environment, then thebnsequentialimpact to the programme can be
considerable, with the impact incasinglater inthe programme lifecycle, as shownRigure6 in Section
2.4.2

Identifying what information is important to the programme is challenging when tlaeessuch large
datasds with thousands of personnel interacting witthem. B.5 stated that turning data into
management information is problematic and that they are better at capturing data as opposed to turning
it into management information fromwhich they can make decision3his is due to a lack of
understanding of what information is important to wimand at what point in the lifecycle.

B.13describedthat their product isdata rich and peopleften lose sight of wht is important He went
ond2 ad0rGS GKS OKFftSy3as 2F ARSYGATeAyd 6KSy RIGI
with limited valueand with a big overhead to mainta®§ SAy 3 (GKS g22R FTNRY (KS
Measuring the programmeerformance is based on progressing product development butldnge
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volumes of information and themergentproduct issuesmpact the schedule. The later the emergent
issuesare identified the greater impact to the programme. Identifying what informatiot impact the
programme is difficult due to thiargevolumes and the thousands of stakeholders interacting with it.

The PLM environment can capture the information but identifying what is important and presenting it to
management for decision making dgficult. The PLM environment can become information rich but
finding what is important at the specific lifecycle stage to identify and resotaergent issues is
challenging.

7.5.1.2 Integrating complex product information through-life across multiple PLM
technology toolsets

There will be challenges with integrating the ETO product information throughout its lifecycle. The huge
volume of information is constantly evolving and changing including at the point when it is required to be
consumed by the large numbef stakeholders from multipleusinesgunctions at various points in the
programme® lifecycle. The information is required to be integrated from the authoring environment to
the various systems which require it for their specific requirement. Exampéesraineering data in the

PDM system which is required for planning and procurement in the ERP systetion2.4.3describel

the levels of complexity involved with ETO products which results in challesgesiatedvith providing

an integrated information environment across the progran@idecycle B.5 stated that their single
biggestchallenge was providing a single point of truth at any one tinfglst B.18explanedthat she can

guery the functional anghhysicaldesign but requires to sean overall view of th@roduct development
across multiple PLM technology systems suchas the design in the PDM system is supporting the
safety case in thatystem Due tothe significantinformationvolume and the multipléechnologysystems
whereduplicateinformation is utilised by the programméhere aredifficultieswith understanding where

the single point of truth isTheinformation is changing in ortechnologysysem but is being concurrently
consumed in another. Examples are engineering data changing in the PDM system but this information is
being used for procurement in the ERP system.

As identified byB.12 the challengds howinformation flows from the engineering environment to the
ship build, and how informationis utilisedthroughout the lifecycle of the programme. Hgated the
example of the codification of parts in the desiljfiecyclewhich isunderstoodby the engineersbut
within the build it becomes difficult to undei@hd what the information mean3his may be due to design
engineergossessing different mental model of the product than manufacturing enginegéferefore

as informationevolvesthroughout thelifecycleof the product those who usdhe informationare from
different businesdunctionsand may not understand what the descriptions me&nl2provided the
example of High iéssure Sea Water system which was coded as HPSW iashamd was understood

by thebuildteam. Howeveras the codification changes to meet other business needs this has an impact
downstream

B.15statedthat thereis a challenge with integrating iservicesupport requirementsnto the design in
the PDM environmenas there is a focus in their businessthe engineering lifecycle.

As the engineerindifecycle phasecan be close to a decade duration there is a challenge with
identifying and enabling information managemergtrategies for downstream activitiessuch as
manufacturing planning, build and-service supportThis is du¢o the uncertaintyin the programm@
lifecyclewhere information is constantly changing.24stated that not only isit difficult to understand

each othef data, but this gets harderasthe teamgrows in sizeand when you have a team of 1000
people split over a number of sitagsbecomesverydifficult. Ensuring thatdownstreamrequirements are
captured in the engineing phase is difficult, especially if the engineering programme has cost and
schedule challenges. Any quality issues or additional requirements that are identified by downstream
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information consumers, such asthe build phase has a significantly greateffect than if it was identified
in earlier phasess it will require rework with resultant engineering schedule and cost implications

B.4statedthe challenge ofeducingduplication within PLMandcitedthe importanceof usinga common
sharedparts library. Duplicationis achallengeof PLM in ETO productiue to the large volume of data
and the long lifecycle of the programmBuplication can ocur due to the same or similarformation
being incorrectly created mortan once. Wing the part library as an example if one engimeguestsa
particular part to be created, e @ valve, anédnother engineer createthe same part, there is duplication
which will result in quality issues as battaybecome misaligned due the differing technical attribution
applied This can alscauseissues withthe supply chain as the same part is ordergdce. Aother
example is withncorrect information usedy manufacturingplanning causing rework in thmuild phase,
with the wnsideaable expense this causes

With ineffective information management and integratignthere ae many other instances where
duplication willoccurthroughthe life of the programme, as there will ibousandsof staff creating and
consumingarge volumes oinformation over manyyears such as 15 years for a first of class Naval Ship
build. 0 discussedhe problems of dataccuracyon previous programme$ut believesthat the correct
integration across CAD, PDM and ERP wiitassliminatingmanual translation and datategrity issues.
B.16describal the challenges of misalignment between CAD and P&ddthe significantcost involved
with aligning data if notorrectlymanaged. CAD and PDM aasilybecome misaligned on ETO products
asthe engineering phasmcludesyearsof designwith the phases overlapping, as shownFigure6. In
the system design phasthe informationis mastered in the PDM systemwhichis then utilised by the
detail design teams in the CAD system to createpthgsical3D model. If the PDM system is updated,
such as througkmergentchangeand the CAD user is unawatikeen both the system angbhysicablesigns
havebecomemisaligred. This lead$o problemssuch agpoor engineering qualityesultant significant
cost increase and a schedule impact to the programmeQontrolling the integration of product
information, whilsta key challenges alsca key objectivas discussed in S&mn 7.4.1.1 This is suppoed

by B.14who statedthat a keychallenge of utilising PLM is data alignment actbesCAD, PDM and the
ERP systems.

7.5.1.3 The management of product information maturity and its relationship to
change, configuration, schedule and cost

ETONPDprogrammes have teensurethat maturity isappropriatelymanaged to support decision making
and toaccurately reflecthe status. It is also critical that when elemewf the keymaturity targetsfor
the product have beemeached configuration managementules can beestablished toconstrainthe
productinto change control. This providesraechanisnfor stabilityfor the nextphaseof the programme
an examplebeingbetween the system rad detail design phase®nce the system designak reached
maturity, the relevant informatiors put under change control t@lowthe detail design to progress with
the knowledgethat any changes will be driven through the change procésssameprinciplesapply for
eachphaseof the programme aslustratedin Figure6 in Sectior2.4.2

Whilst configuration management isvaell-practised discipline in many product typescluding ATO
product providers such as Airbuwere are specific challenges wiEirO productsThis is due to large
volumes of data having a variety of interconnection across various systems which are subject to increased
W@aSt 2 OA G & 1. Zhks is@éelto/idFd@niation changes impacting the darat reattime which

affects themanagementi S I abditRto undersandthe maturity status, and therefore the status of the
programme schedule. Therefore there is a challenge with providing stability and control mechanisms
without impacting the progressn of the design and buildlhe interview responses provide further
information relating to these challengeB.25stated his beliethat his programme ovecomplicates
maturity, including in the system and physical designsalde statedthat maturity management adds
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value butstatedthat the progressive refinement of a system design does not nedgssaanthat it is
immature, just that the system maturity is progressively increasing.

There is a risk that the maturity apgach can be overcomplicated resnd in configuration controloo

early in the programma@ lifecycle with the further consequences of approved change management tasks
required to update the design. This will result in additional burden to stakeholdersanddrying to
improve the maturity of the design and an increase in unnecessary change on the programme.

What may seem a simple change to one system may have a significant impact on another. This was
supported byB.18who descibed how technologyannotbe used to understand the impact to product
relationships and how they have been affected, therefore manual investigation is required. This is due to
engineering effort being required to understand the impact of a change, tdoggaan help to identify

the relationships but knowledge is required to understand the impact to the programme.

The timing of applying configuration control is important as while the impact to the evolving design should
be consideregit is important to understand the effect of product updates on the various interconnections

of the design system3his is a difficult challenge as if a design is deemed mature enough to pass the stage
gate to go into he next phase of the programmthen a level of configutson control should be applied.
Howeverwhen additional informatioris added to the system desigthen the formal change process
shouldbe applied. This is due to the level of complexity in ETO products where it is difficult to quickly
establishthe impad of a design update to the various interconnections throughout the lifecycle of the
product

0 stated the challengeis with how and when change management is implemented in the prdddct
development,asinadequate informatio which was used ta@esolvedesignand immaturity issues has
resulted in changeTlhe relationship between what is design evolution and what is change was also stated
by B.16as a challenge with PLMigperspective was from pgpamme managemenivhere there is a

team size agreed and the appropriate budget and schedule decidedengineering schedule is linked

to the maturity of the product and there are difficulties with identifying what is valid design evolution and
what is avalid change which requires additional time and budget. As emergent changes affect the design
the agreed schedule and budget is impacted as work which was deemed contpletehas to be
updated. herefore the challenges of maturity, change and configoratnanagement is not just with
developing the product but also with ensuring that the product can be delivered to cost and schedule.

7.5.2 Process challenges

This section describéise challenge ofeating processethat meetbusiness objectivesndare not ovely
complicated This challenge waynthesised from the interview respses through thematic analysasd
wasthe only processes related challenge for the implementation of PLM in ETO pro@inetanalysis of
the interviews identified that creating prosees to meet business objectives was required but that it is
difficult to align this with processes which are manageafiexibleand easy to understandue to the
level of complexity and uncertainty in ETO produt@tse processhallenges ardlustratedin Figure30.
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+ Creatingprocesseswhich meet business
objectives but are not overly
complicated.

Process

Figure30 Process challenges

7.5.2.1 Creating processes that meet business objectives and are not overly
complicated

Thereare numerous examplefom the interview analysisthere PLM processs which were developed

and implemented to meet ETO business objectives have been over engindgizsdtated how they
incorrectly made their electronicprocessworkflows in the PDM system overly cptitated and
prescriptive resulting in difficulties when something went wrong and needed to be fixedrdhdtwas

that they had to reenginedheir workflowsto makethem simpler.The creathn of complicated processes,
including those which are replitad in the PDM workflowss understandable given the complexity of
ETO productdut flexibility is required tananageemergent product process behaviours such as change.
Also, an objective of PLM in ETO prodisto managesecurity, IPR and export ofpitions as discussed

in Section7.4.1.4 and these require PLM processes with multiple stakeholders and strict rules which if
breached can have significant consequences.

B.1 stated the difficulties associatedwith identifying IPRinformation that camot be shared awss
different ETO programmes. Hesedthe example of a iésel geneator which might have information
embedied in the detailwhich cannotbe sharedwith other programmes. Aonsequentialfailure to
implement processsto manage obligations may result in a breach of security, IPR or export controls.

Another exampleof the challenges of managimyocesscomplexityis with non-recurring activitiesATO
products typically haverepeatableprocessesthat can be refined andmprovedafter many useswith
considerable learning reused in the next generatiBnl6 highlighted the difficulties associated with
planmning for nonrecurring taskghat are typified withinthe novel nature of ETO producteherethe
processes may beefined andused for the first time.He spoke of the difficulties with creating a
programme plan if processes are at a highel and cited the examglof managing produgeviews.

The challenges therefore to achieve an appropriate balance betwe®erly complicaéd processeshat
lack flexibility, angrocesses which are tammpleand do not support the business objectivesoceses
should also not be constrictive du# the level of uncertainty in ETO product.17 discussedthe
challengesrelated to the focus on schedule adherence when implementing improvememtsthe
programme, one of whiclvas not enough attention paitb realising strategic objective$his balance
between having the right level of process dettdl manageuncertaintyin the programme anchaving
processes which can @ppliedto accomplish programmebjectivesand tomeasurecost and schedule
adherenceas well as the overall programnperformance isa challeng that needs to be addressed

B.12discussedhow ther business iduilding a bespoke product which is tailored neeet customer
requirements.He goesonto say that theirrequirementis more uniquecompared toother similar
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products, this necessitatestailored business processeB.12 introduced new processes to identify
productsthat can be manufacturecepeaedly. This vasa new approachvith a greatedevel of flexibility
required in order to adapt their business procesasshey learn through the ETO programme lifecycle
Ensuring these processes are not overly complicated is difficult when they have beerapplied
before. Another difficulty witrensuringprocesses meethe business objectives guaranteeinghat all
the many stakeholders in the ETO programme are using the same appr@ditaring nonstandard
processes resulh a significant impadb ETO product delivery.26cited an example wherpartnersin

his programme have different specificationsfor testing resulting in constant rewrites of the test
specifications to meet business objectives.

It is also importanto adhereto processes that have been agred®l2 describeda challengefor the
successful usof PLM is with process documentatioss peopleoften work around processedailoring
them to sdisfy their need,and therefore problems or improvements are not captured as these
workaroundsare local and not documentede goes oto say there needs to be more focus on processes
adherence to support the PLM deploymeBt27describal a challenge with standardising processes
that they have abusiness model which was developed befdheir PLM implementation and the
associated technologyHe added thatit is a challenge to standardigbeir business procgses not least
becausethere are manydifferent opinionsacrossmultiples programmeswhich go through different
lifecycles.He statal that understandingwhat those processes are and what dasarequired to be
managed is difficujtparticularly for those who are new to PLMTherefore there is a challenge with
integrating and standardising processes to meet the objectives of different programmes.

Ovety complicated process will not only inhibit the ETO product design and build but will also lead to
failures in meeting mandatory regulations such as safety, health, environment, security, intellectual
property rights or export controls as onerous processes are bypassed. Where processes are bypassed
workarounds are not documented and potential improvementslast with problems not communicated

to the responsible stakeholders. Due to the customised nature of ETO products and the lack of a
prototype, processs may require to be created as the businesdbjective or challenge emerges$his

results in a novel appaxh which may have been used for the first time. Therefore there are difficulties
with ensuring a process is fit for purpose before deployment, sugmasagingsecurity maturity, design
reviews or with business improvement initiatives in design or buidher product types such as
automotive manufacturing have repeatable processes which are proven and enhanced through testing
on prototypes, and continuous improvement techniques such as Lean. There is also the challenge of
ensuring that processedo not strip out necessary detaiind aretherefore not fit for purpose in an
attempt to ensure they are not overly complicated. Proessshould manage the uncertainty in the
programme but also support the schedule and cost to ensure overall programme perfoemahis is
difficult as each ETO product has differing customer requirements, such as esulamiarine warfare

frigate hawnga focus on managing underwater radiated noisjchresults in tailored processes.

7.5.3 People challenges

Thissection describes tchallengs relating to Peopléor the implementation of PLM in ETO products
and weresynthesised from the interview responses through thematic anagrsibling subsections to

be created The analysis of the interviews identifigtat there were a sigficant number of challenges
relating to people These include @ucation, adoption and understanding the value of PLM and its
relationship to quality was identified as a challenge due to the difficulties with people recognising the
importance of PLM to théusiness. Lack of expertise to enable and support PLM is difficult due to the
various levels of skills required to ensure PLM is a succesariel's understanding of their obligations
and throughlife implications of their actions or neactions in reltion to a successful implementation of
PLMis another challenge identified though the interview analySisderstanding processes and toolsets
and its relationship to throughfe product information integration was also identified ashallengeas
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werethe difficultieswith peopleworking collaboratively across all business functional areas in FDO N
The people challenges are illustratedrigure31.

Challenges

+ Education, adoption and understanding
value, andits relationship to quality.

* Lack of PLM expertise to enable and
support PLM.

+ Obligations and through-life implications
of theiractions er inactions.

+ Understanding processes, toolsets and
through-life product information
integration.

+ Working collaboratively across all
functional areas.

People

Figure31 People challenges

7.5.3.1 Education, adoption and understanding PLM value, and its relationship to
quality

ETO product design and manufacture typicallyhuge multibillion programmeswhereeducatingthe
necessary stakeholdeemd ensuringhe adoption of PLM is a significant challenBLM means different
things to different people and this lack ofnsistentunderstanding impacts the adoption of PLM. PLM
can be perceived differently depending on the stakeholder and ensuring that the value of PLM is

understood and is meaningful to tley RA @A RdzZ £ Qa4 NRBfS yR 202SO0AQBS A3

resolved there will béssues with data quality as tleformation in the PLM environment must be entered
correctly and managed effectively

B.23highlighted i K I (i  Ld8raptaheSsidf PLM is a keghallengethey askedheir employeesif
they understood PLM andiscovered thait means different things to different people. Hgated that
getting an appropriate business definition was difficultherdore, ensuring that thee is a unified and
consistentdefinition of PLMwithin the businesghat employees camelate to andis aligned withthe
business objectives is criticl.3alsostated that user adoption is a challengehenutilisingPLM as data
qualityis linked to user adoption as you need people to use it to ensure the informatamriant. Ifthe
stakeholders in the ETO products have ootrectlyadopted the PLM approachignificant problems will
arise with itssuccessful tilisation and this will have aimpact on PLM meetintipe business objectives.

B.14describecdthe relationshipbetweenpeople, data andjuality as a challengeHe embellished this by
stating thatPLMinvolves getingthe right quality measures in place as data is more important than, ever
as you havemore people manipulating it. Haddedthat the biggest challengés getting that quality
culture into the organisationso theyrecognisethat poor quality causes probms further down the
programme? lifecycle. These problems are dependent on what information ehgineerhas been
generating Due to ETO products having a hugenber of interconnectionsamongst their subsystems
these quality problems can have a sigmfit impact on the programme. As shownFkigure6, these
decisiors can incur significant costs to the programme, such as poor quality resulting in rework and the
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resultant cost and schedule impact to the programnas, well as reputationatlamage.Without full
stakeholder understanding of their role withersuccessful PLM implementation and how this information

is used by other personnel to enable the business objectives, there cannot be an effective data quality
culture. Achieving this business understanding and quality culture is challenging due to the scale of ETO
products, the high level of change and the large numbers of diverse-skilléd stakeholders interacting

with S OK indeSdsXaid informatiorThe longlifecycle of ETO product design and build also
contributes to these challenges as it can be difficult for stakeholders to understand other personnel's
requirements for the information throughout the lifecycle. Examples of this are relationshipatto
sources for exampleearly desig information to manufacturing rwings, or with information required

by the support teanthat wasnot provided in the design phase. These interconnections thrdiigitan

impact stakeholder@inderstanding of what thir responsibilities are and can cause quality issues such as
rework in the build phase with the related significant reputational damage that causes.

B.6discussedhe challenges relating to the amount of metadata at a parélend how this can be used

to determine whenl y Sy 3 A y S Sher K2 GiQ asbR{R#yEBhere aredifficulties in providing
support to engineeswhen some are traditional and others are integratoffierefore thereare those

within the organisatiorwho will work in a traditional unintegrated way to progress their objectives and
there are others who will integrate engineering desidbifferent stakeholders in the ETO product
development have diverse roles, such as a radar systems engineer who issibpdor the functional
system design and another 3D CAD detail designer who is responsible for integrating this design into a
physical CAD modeThereneeds tobe sharedsituational awareneswith clear, consistent and agreed
understanding of whainformation is important, what the interconnections are, and what rules are
required to measure the data quality

B.8 expressed a clear understanding thie importance of PLMand of providing technicalSuitably

Qualified andexperiencedPersonnel (SQERd technologyHowever he addedthat the value of PLM is

not widely understood and that @an be undervaluednd not seen aanenabler to the design intent. He
alsostatedthat, for a nonspecialistA G OF y 06 S & SBANNE ME @ YI2\what i$ BEIRG LIS N.
done, and why it is importantis notexplained. This includes the importancEunderlying data quality

checks which some may see as an overheadlisteissedhe balance between the time and expense of
PLMwiththeNB (i dzN}/ Ay (KA a A yleSindudsognefEs inimdrifaciutiolg &ith be@ey Q @
quality and accuracy thaoould be achieved in dess constrained emvdnment He also linkd the
importance of people adopting and recogngithe value of PLNb overallquality of the product

The benefits to overcoming thesshallengesare improved quality throughout the lifecycle of the ETO
product. This includes the multiple disciplines who are involved wrgating andconsuming the
information at variouspoints in the lifecycle. Examples are supply chain procuring material based on
information created by engineering or a CAD detail designer modelling based on information provided by
system designershese activities can be separated by years.

B.4raised business change management as a key challenge ard tbieeimportance of incremental
implementation with initial deployments followed by the next challenge. These incremental step&d
assist with demonstrating value to teewho are required to succesfully use the PLM environmenatther
than with a large single deployment which takes longer and can have difficulties in showing value early.
B.13stated a key objective of PLM should be linkingvith how users intend to use it.dbaysthere are
some in engineering who understand PLdt there are those in other functions who dwmt, such as
within manufacturing engineering or in supply chdite cited an exampleof the supply chain team who
purchasepartsbased on the information from the PLM environmeHe statedthat the businesslo not
alwaysequiptheir personnelith the skillsio ensure the are integrated with PLMNd that people often
see it as a toolset, but policy, process and peapéekey requirementsThiswas supported byB.15who
statedthat a challenge is including all the functions in the programme and havingwgking with the
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same process. é¢laddedthat process i&ey, and itdoes notmatter what toolsetis usedout you have to
convince thenof the importance of PLM

B.4 statedthe first andbiggestchallenge is thaindividualsdo not understandthe concept ofPLM and
they see it as a configuration management santiHeadded thatthere is no effective education as to
what PLM is and what it can do for thegrthe individuals that should be engaging with PLM are not
sufficiently educated in itB.19describel a PLM challenges thatthe teams are disconnected, with the
3D detail designef3oolsetis not integrated with the system designéds (i 2 Hetadiléltinat the teams
sometimesdo not see thebenefit of PLM and they need morteaining. The CAD team are thoseéno
undertake detaildesgn with the 3D CAD systemhd PDM team are those whandertakethe system
design within the PDM system. The main activities of these two teams csepbeatedby years with the
system design being undertaken firéhen at an appropriatematurity, the detail design phase is
undertaken.Due to the size and complexity of ETO produttisse phases involvenany hundredsf
individuals and a undertaken over several years.

0 stated a challenge with utilising RLis one of peoplead ownership within engineeringith B.27also
statingthe challenge ofhangingorganisatiorcultureand trying to convince theompanyto use PLM. &
addedthat they are new to PLM and it is difficult thhange the business modds.1commentedthat
educating staffs a key challengand headditionallydescribel that thereis anassumptiorthat everyone
understands top level PLNind are motivated to populatet with information. He askd, W ¢ K SNBX A & (K¢
NE ¢ lahdRi®d an example of part ownerwho was required to populate data and as¥hat is in it

for themQasthe data wasonsumed by others. He stat¢hat there is an assumption that everyohas
bought irto the bendits of PLMand its adoption but heis not always convincedlherefore peopleare
required to be educated so they fully understand what PLM is, what the value is to them and the
organisation and whatis required from them to achieve these goakhis isa challenge givethe scale

and complexity of ETOproducts but developing and implementing an education and business
management approach is critical to the success of PLM.

B.12discussed the challenge of changing the cultuwerédmove working in silos but warned against
W2NBFYAAlI GA2y L+ (GKdzyRSNDh2ft1aQ 6KSNB GKSNB Aa Sy2!
managed effectively. There needs to be a balance between cultural changéeing able to undertake
the progranme effectively Major business changes will cause disruption to the programme impacting
schedule and cost as people are trainadhich takes themawayfrom day to day activities, also that it
takes time to become experiencenh the new approaches8.15describedthe importance of managing
transformation and thata major objective is to withe heartsand minds of the peopleHeaddedthat

the variots stakeholdersypicallydo notunderstandS | O K &diviki&s Wdd &hallengedue to the size

and complexity of the programmdéieusedthe example of those in themanufacturingphase whado not
understand theinformationused in designlhis design information isigh-value and requires changes to
work practices which have to be anaged effectively, which mhy transformationalprojects take
between three and fivgears.The cultural changes describedByi5are difficult to overcome due to the
size, long lifecycle and complexity of ETO products, twitiake it difficult to convince thousands of
stakeholders whya change is happening, and what they are required to do to support it. Often these
changes have implications which are not well understood at the pghayt were initially implemented

B.1lraised a cautionary point with regard to providieducation to the stakeholders.a@believes the level

of understanding should be appropriate to the needs of the programme to ensure that people are not
overloaded with informationHe elaboratedthat the programmeassumea that there is integration and
understanding across dhe areas, but the product is so largieat peopleonly understand their parin

the process Thischallengewas alsoraised byB.2 who stated that asthey have such #&ong product
lifecycle peoplecannotunderstand the whole integrated flow.

B.8raised the challenge of people undertaking the same activities for yaadswhen transitioning to a
new PM environment the PLM architectswusto S | 6t S G2 | yag S Nuekiéhthabg KI (4 Q&
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is typically askedHe addedthat to sell it you have to satisfgelfinterestby explaining eithewhat the
advantagdsto the individua) or how it is nota disadvantagdo them.

B.14 stated that a key challenge teealisingthe benefits to the enhanced PLM environment is the
behaviour aspectsand the requirement of commitment from major stakeholdersto ensure the
implementationis successfuHeembellished this point by statinttat it is important toensure thatkey
individuals are exhibiting the righiehavioursasit iseasy to take a negative viewhis correct behaviour

is required to support PLM information managementogesses and technology approachBs23also
identified the challenge of business change management in implementing the PLM environment to
achieve business objectivesHe discussedthe importance of ensuring that the message the
stakeholders is corregas his experience was that PLM implementaticsoisimonlyseen as an IT project

and stakeholders subsequentlyait to be told what to do by the IT function. This experienceB33
requires a planed implementation of PLM to include ensuring thhis is a busineswide change and

not an IT driven activityPLM must be viewed not just as a software system but as a means to manage
processes, information and technology to enable people to functifiacgvely to achieve business
objectives. Programme personnel must be edudat¢: the appropriate level to support their day to day
activities. This is required to ensure they understand piagt they play andhe value of PLM in ETO
products. Tis wil be challenging dudo other priorities, diversity of skillspersonnelin different
geographical areas and the lofifpcycle of the programme.

B.1lraisedthe challengeof gettingcommitmentfrom stakeholdersdue to othercompeing prioritiesin

the programme for examplewhen there is dack of attendance atvorkshopsand less than optimal
engagement tha this can weaken the programmideaddedthat if these stakeholderare not engaged

then they will later question aspectwith which they were not initially involved. This problem of
conflicting priorities is a challeng€areful consideration is requireeigarding how to ensurengagement

and buyin to the PLM implementationB.2discussed his expnce with having commitment and buy

in early ina PLM implementation projecHoweverwhen mistakes or other challenges emergeople

will typicallyrevert to old ways of working especially with underestimating the cost and schedule of the
project whichmay result in an impact tthe programme such as with meeting payment milestone
based on a date.his is a challenge also raised ByLl4who statedthat overlayingPLMimplementation

on top ofa challenging programme schedwlill result inobjectiveswhich are not always achievable
PLM implementation objectives may become less of a priority if the overall ETO programme has issues
relating toquality, cost or schedul®.2supported this by statigthat it is easiefor the PLM teanearlier

in theimplementation projectas all the personnel in the programme have ltadnmunication sessions
from senior managemerdndare committedto the transformation projectwantingto do thingsearlier

with enthusiasm He states that you can make rapid progréisat is best achievedvith a small group of
peoplethat cancommunicate easierHe thendescribedhow the next phase is more challenging with
programme personndbecomingdisillusioned makinghe implemenation moredifficult.

At this point within the implementation,there are more stakeholders and it becomes harder to
communicate.This challenge becomes evgneater as morepeople join the ETOprogrammefrom
previousprogrammeswhere there PLM environmermin which they may have been working on for many
years may bevery different. These stakeholders wilalso not have been involvel in the initial
communicationsmeaning thathey are not familiar with why the PLM initiative is beinglertaken, and
also that the process and technologyill alsobe new. Theseadifferencesculminatein resistancdrom the
stakeholdersB.2then describedthe current state of their PLM implementatipwhereit is hopedthat
people have realisethat WNBS & A a | ¢nOiSis alk far th@irdzairnigbof. Q

B.24describedhat there canbe focuson driving an integrated approach throughocessesindtoolsets
but there is a clear requiremenb focuson people, as they hauifferent needs. Heslaborated that
there is aneed to get the righbalanceto understand where people fit in to the approadte alscstated
that sincethere is less focus on downstreamtivities tharthose upfrontthere is a tendency téocus on

129



thosethat areneeded now, notlater. Hedescribedhow as the team attempt to implement the solutipn
they discover further business challeng&éhe complexity and long lifecycle of ETO products means that
creating a holistic view of a PLM transformation peof is extremely challenging, especialg
improvements are implemented concurrently with the actual product development. This provides
additional challenges where resourpeessures exist to support the implementation project but also to
ensure the progimme schedule is maintainedhe delivery ofPLM business change and education
cannot be a on®ff and should be embedded in the business culture or people may resort to old ways of
working.

7.5.3.2 Lack of PLM expertise to enable and support PLM

Due to the compleity of ETOproducts it is difficult to ensure thatsuitably qualified and experienced
personnel areembeddedto ensure thesucces®f the implementation anabngoinguse of PLM to meet
business objectived3.14 stated that they have very limited resourceithin the organisatiorof those
individualswho have the knowledge and experience of eEM processes and toolsetde addedthat
they can get other reaarces but questionedwhether those appointedully understand the detds such
as the processes and the challengeshiglighted the challengthat this is not knowledge which is held
externally due to uniqueness and complexity of their product. The skills required for PLM pr&iLiots
are significant due to the large mber of processes angupportingtechnologyin use. As PLM is an
integrated system of systemiien each element within PLM wiiavean effect on the others. An example
of this is with theproductchangeprocesswhich, due to the emergent issues with Ep@ducts means
change managemens critical to the programme.

B.16statedthat they havehundredsof changeghat are agreed but are latan being embodied into the
design Hestatedthat the change manageido notprioritise from an internal customer perspectivend
typically donot recognig othersheeds Heusedthe example ofinderstanding changemanagementnd

what it meart to others inengineering and build. The consequence of change to engineering and build
are signifcant as this may require rework with the resultant effect on the cost and schedule. Ifighere
sufficientunderstandingof the PLM processes and toolsets and how they relate to the wider business
stakeholders then this willsignificantlyimpact on the access of the programmeéNot only are there
limited personnelwho understand PLM and its use on ETO products, those who do greatdemand
across the entire programm@. 14highlightedthe challenge o$killed PLMesourceavailable to support

the PLM implementationB.20expandedon thisby explaining thathe expertise challenge is also with
the suppliers who have to be convinced to inveghim development and training dheir own personnel.

Due to the complexity, scale and loflifigcycle of ETO products there are a large number of processes,
information objects and technology systems required to support the programme. Locating SQEP who
understand these elements and how they relate to othesimess functions and the business objectives
will be difficult.

The example of the large amount of product change which the ETO product will experience and the
importance of the resources understanding the implications of this change on other busineseriaris
significant. These resources must assist with the successful embodiment of the changes and also ensuring
that they are correctly prioritised. These skills have traditionaéign builtup through experience by
undertaking the roles defined by tHausiness, as opposed to defined training on PLM in ETO products.
For a new PLM implementation there will be challenges with leveraging these SQEP into the PLM team,
as they will be required to undertake their day to day roles and there will be restrictiontheir
availability. Convincing the various business functions involved in the programme to invest in th& team
PLM skills development will be difficult.
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7.5.3.3 Obligations and through-life implications of p e o p laetidorss and
inactions

There will be chadinges with ensuring that programme personnel understand what is required from them
to ensure a successful PLM implementatidhey must also understartde implications of their actions
within the PLM environmenor when theydo not fulfil their obligatiors. Due to the challenges of ETO
productssuch asvith scale, complexity and the number of interconnections throughout the liéecycle
entering integratingand maintaimng the required information to a higljuality standard is vital to the
success oftte programme.

The Interconnectedness information provided by the programme personigtomplicatedto manage

and the implications of incorrect, out of date or missing information can be signifiBalfistated that

whilst there are technical challenges with PLM, the behaviours, interactions and judgemiettie
individuals using iare important.B.1 highlightedstakeholder buyin and education as challengdsut
ensuringthat allunderstand wiat is expectedrom themis difficult. Haventonto say that iisimportant

to ensure thatthe thousands of peoplénvolved in the programmenderstand maturity management

and that it is the language of the programntieis hastaken two years and that &y are still noyetthere.
Therefore linking business change, education and what is expected from the project personnel is
important, as is explaining aspects such as how maturity management provides the management team
with the information to gauge whettr the programme is on schedule or not, and how their inputs are
critical to this processB.12statedthat the first challenge is witlpolicy development to create vision

that peoplecanunderstand and followsuch aslesignfor manufacture B.5describedthat a challenge is

how people likehim and othersdo not understand what it takes taesign and implement th€LM
environment. In additionthose whodo understand the associatezhallengesypically do not understand

what his needs are.dHfinished this point byaskngwhether thesedichotomiescanbe brought together

The implications of incorrect, owtf-date or missing information can be significant and the longer this
continues in the programeQ lifecycle without resolution the greater the impact. It is difficult to ensure
that people understand what is expected from them, especially when there are thousands on the
programme who all have different roles and responsibilities. An example hsmaturity management
which is used to manage th@ogrammestatuson a naval shipbuildingrogramme througftits lifecycle.
Maturity management requireprogramme personneio populate their maturity status for the various
information objects on he progranme, such as BoM andalvings. This information is then reported to
provide a status of the programm@&herefore each persowho populatesand manageghis information
requires an understanding of how it is usadhe ETO NP&nd what the implications ar®r not providing

the correct and ugo-date information.Another example is with providing information used é&volve

the design,such aslectricalinformation from a navigation systenequipment owner which contributes

to the overall electrical desigif.the information is missing or incorrect this will impact the design of the
ETO product.

7.5.3.4 Understanding processes, toolsets and through-life product information
integration

The successful delivery of the PLM implementatiah be impacted by peoples undg#anding ofthe
relationshipbetween informationobjects, processes and enabling technoldgl 1raiseda key challenge

as beinghot understandinghe PLMtoolsetsdue to the level otustomisation employed which has overly
complicated the PLM technolog$.7 highlighted thata typical challengés ensuring that people work
correctly within the PLM environmenEnsuring thapeopleuse the PLM processes and toolsabsrectly

to support throughtlife information integration to meet the needs of the programme is challenging.
People are required to understand how the toolsstgport the business processes ahd information
objectives.
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B.17statedthat ensuring that confjuration management works effectively across people and pracess
manage the BoMs a typical challenge he has experienced with FRBIdiscussedow manypersonnel
operate byensuringthat they have done their technical tasfor exampleentering the BoM for their
design,but that is not enough Sheadded that individualsnust bemade aware of the relationship
between their tasks and the overalusinessobjectives Shealso stated that as the personnebnly
understand theirown scope of workthe chief engineer has the challenge of the overall integrafidre

scale and complexity of ETO programmes means that there are highly complex information integration
requirements which are required to be supported by integrated tecbgigisand associated processes

This is a requirement from &Type 26 case study as discussed in Sebtiyrprimarily for the integration

of the PDM and CAD systems, but also for an interface between the PDM and ERP Seabt@hesare
required to understand how the toolsetsra integrated, such as with CAD aR®DM and how the
information relationships function. They also are required to understand the processes for ensuring that
the integration functions correctly. This sHdwot be just for their specific activity but also how it relates

to overall programme objectives, such as when to publish from the CAD to PDM systems and how it is
consumed downstream in manufacturing planningeRP.

The success of the integration isgatted by the longifecycle and overlapping phases of ETO products,
for example thedesign to manufacturdife phasescan be spilt across physical design areas at different
times. This is further complicated by the programme personnel having to undergtancklationship
between information integration and configuration, change and maturity management processes.

B.10supportedthe challenge of personneinderstanding the processand tookets and i implication
for throughtlife integration He explaired that peoplefocus on theiown work scope areas and gave the
example ofelectricaldesigners where they beliewbat as PLMunctions wellfor them, then it should
work forothers. This highlights a lack of understanding of/Rirocess, toolsets and information and how
it used to support business objectives.

7.5.3.5 Working collaboratively across all business functional areas

Due to the complexity, lontifecycle, no prototype, high customisation, various geographical locations
and scée of ETO productghere will be challenges with ensuring that the personnel work together
effectively. There are numerous business function roles which in many cases become more important at
various points in the lifecycle. This results in business inmetrecruiting different skills at various phases

of the programme. For example there are more system designers earlier in the programme lifecycle
compared to manufacturing planners, who become more numerous the closer to the start of build.

B.17stateda challenge witln ETO prduct developmentis thatpeople with varyingskillshave to work
effectively together.Thereare large number®f people working together inorganisations across the
world but, as discused inSections2.4.5and 2.4.8 ETO products are highly customised there is a
limited number of repeatable process and no prototype. It is therefore difficult for collaboratidre to
improved through continuous improvement of the same repeatable tasks with the same personnel.

As ETQproducts havethese unique challenge this mears that personal have to react térequent

emergent challenges and are required to work collaborativelgesolve these issues. These challenges

include where immature suppligrovided designs have to be integrated witlhet supplier systems and

then incorporated into a 3D physical model, all KW OK K| @S {2 Y @§uieméntsf& Odza G 2
cost and sbedule. Thosevho are required to workollaboratively can be across geographical boundaries

with various skills and experienbeS a dzf G Ay 3 Ay (GKS AYyONBIF ASR LRGSYGAl f
information is not shared. Impacting design evolutigmoblem resolution, change impact assessment

and change embodimenthere will be continuing emergent challenges which require addressing by the

various stakeholders. This requires collaboration and it will be difficult for each functional role to
undergand and address the needs of other stakeholders to resolve the issues. Examples include where

3D CAD data is created by detail designers to provide information for manufacturing planning and build,
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which can be subject to product change due to supplietaigs. All of which has to be understood by the
programme planning team to manage the cost and schedule commitments

B.25statedthat they have difecycle phase defineboundary between peopleithin the progranme. H

uses system and detail design as an example where there are lifecycle gates within the programme to
manage the transition to configuration control to enable stability on downstream activities. An example
of this is when thesystem design will be bught under configuration contrpbncethe maturity criteria

has been reached, to allow detail design to commence with a degree of stability as changes to the system
can only be undertaken by the change proc&25addedthat the data handover betweedisciplines is

not well integrated He provided anexample where theCAD team demand information from system
desigrers, whereasa more appropriate mechanismould befor them to get involved themselvesHe
regarced these as organisational barriersTherefore the lifecycle phasesntroduced to support the
management of the programmehave presented organisational boundaries which aneegatively
impacting collaboration across th@ogramme.Without effective coll@oration the business objectives

for PLMdescribed in Sectioi.4 cannot beachieved.

Introducing configuration control across these lifecycle boungleases results in the need to use change
control to update he design. Therefore thettempts to introduce stability through the lifespan of the
programmeusing lifecycle gates;onfigurationcontrol and change managemeatre required to be
understood to ensure they do notsult inadditional impact onto the progimme and restrict the ability
of personnel to work collaboratively

7.5.4 Technology challenges

There are challenges relating to technology when implementing PLM on ETO prodduth are
described in this section. These challenges w&ysthesised from the intwiew responses through
thematic analysis enabling sigections to be created. The analysis of the interviews identified tthet
challengesncluded thoseelates to the technology robustness and longevity to support-lifegdesign

and build which cae measure in decade#nother challenge isresuring thatthroughout thislong
lifecyclethere is a balance between the complexity and simplicity of the technology to ensure that it
meets business objectives including ease of use by the programme perkdiime creation ofa PLM
system of systems througkchnologyintegration and rationalisatioto support business objectives was
also identified as a challeng€he technology challenges are illustrated-igure32.

Challenges

+ Technolegyrobustness and lengevity to
support long-life product design and
build.

+ Toolset complexity and simplicity
balance to meet business objective.

+ Creatinga systemto systems through
toolsetintegration and rationalisation.

Technology

Figure32 Technology challenges
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7.5.4.1 Technology robustness and longevity to support long-life product design
and build

This section describes the challenges to a successful PLM implementation faced by ETO products due to
the longlife of the programme and its relationship the supporting technologyeTO programmes have

a long design and build lifecycle which relies on PLM technology providing supgatrtanagement of
complicated process antthe information. This technology muse robust enough to ensure that the
functionality and performance meet the needs of the programme. It must also evolve throughout the
programme® lifecycle to ensure that does not become obsolete and can be upgraded with the latest
functionality and T architecture The sameore PLMechnologysystems such as CAD and PDMuesed
throughout the design and build programme which can be decades in some inst&aitding a class of
Naval Shipgor example cartake 30 yearswith the first of classalone typically 15 years There are
businesscritical technologies which arextremely difficult to replace within this lifecycle, therefoie

must be maintained and aligned with technological advancesaamgpgradestrategy from the vendor.
Awell-establish&l example is with the CAD system where migrating from one §A&i@mto another is
extremely difficultdue tothe proprietary data models limitg conversion from one CAD tool to another
[164]. Moving from one CAD version to anothean havealso havesignificant implications to the
programme due to thalata modeldifferences incorporated into the version whienay have unknown
implications. Arillustration of this challengés with the failure in the Airbus A380 programme between
version 4 and 5 atheir CAD technologyGatig leading to significant delays and billions of lost revenue
[169). Therefore there is a reliance on the ETO programme for PLM toolset vendors to havertang
commitment to their products and also that they have quality control relating to version managetfient.
PLMtoolsets are changed for any reason, such as commercial difficulties with the vendor, quality concerns
or toolset obsolescence this would result in ttpsnd risky translations into a new format.

B.12providedan example where they migrated from one CAD system used on a previous ETO programme
to a new system for a later programme, and they found that the machines used iprttiction
environment had compatibility diiulties with the CAD system®.3 specifically highlighed the
challenges between transferring data between CAD sysiefa3 O products. Hdaboratedthe challenge

of accessing da many years later aniinporting this legacydatainto their latest product development
systems Other examples include those stated By26where theywould make a design changiaen

often found it difficult to exporthe information properly intocustomer or partnesystemsdue to their
in-house customised proprietary toolsets. B.20also highlighted thigpoint stating that dallenges can
commonlybe related to versionconsistency across the sujf @ OK sydtemORi11spoke of the
difficulties of movingto new technology due to the level a@ustomisationemployed in their legacy
toolsets and how they are nowo longer supported by the vendoETO products can ksgnificantly
affected by PLM toolset vendors changing or retiring their products while they are being used to support
longterm complex design and build activities. It is extremely difficulafoETOprogrammeto change
toolsets duringts lifecycle PLM toolset issues can have a significant effect on the ETO programme due
to the risk to the schedule, information quality and resultant cost implications

B.19stated the importance of flexibility within th€LM technologyo ensure t can be configured to meet
the emerging needs of the programme and the objectives of the busittsaddedthat it must be
adaptableto support the new ways of working which peojplave notthoughtof yet. B.19supporied this
need and usethe terms‘ddaptable and flexibl@ des& aremportant pointsas the level of customisation
of the technology musbe kept to aminimumor it further restricts the flexibility of the toolsets to support
the programme An example ishiat upgrading to thelatest versionsof PDM software become more
difficult with more customisationAnother exampleincludes when customisationof ERP software has
impactedthe maintenanceof the toolsets[166].

B.2describal the challenge with integratiobetweenthe CAD and PDM systems which was identified as
a key element of theitransformationalPLM implementationHestated that when theyimplemented the
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integration there were lots of errors when the data was published from GABPDM. Theaeasonsfor

these errors include data quality where ttechnologyinterface willreject CAD data which does not meet

the criteriafor use within the PDM systerbue to thelargevolumes of CAD data in ETO prodwstteh as
equipment, steelwork, piping and HVAtBe publishing of information across the interfaces can be
extremely challenging. These challenges include implementing ITtemtcine to manage the large
volumes, capturing, understanding and resolving the publishing failures and managing the updates and
republishing caused by design evolution @hd emergent changes in the design.

B.23identified ane of the biggest challengdisey faced isa demand forcustomising theoolsetsto meet
their objectiveswhichisamassive overheadde emphasised thenportance of buildingtabilityinto the
technology B.10 explained that software providers do not have sufficient understanding of ETO
businesse$o provide solutions that satisfy all of the functional requirements of the ETO progratine
elaborated that the solutions the software providers propose are not appropriate for ooplex
environments Thechallenge of externaPLMsoftware providersnot understanding the ETO products
requires those in the internal ETO business to configuré firecesses and thechnology to neet the
business objectived his requires workingith the softwareprovidersto balance their toolset capabilities
andto understandthe needs of the programme. Thiscludes toolsets that are stable, easy to use and
have the necessary performance to mandagedatasets.

The robustnesand longevityof the PLMtechnology is important to ensure that business performance
can be maintained. When the technologies are integrated to support business objectives, such as with
CAD and PDM, the sharing of information from these toolsets must be efficient. Due toalkeo$ ETO
products, the evolving maturityand emergent changesharing of information across technologies will
involve huge quantities of engineering dathich constantly changeJherefore if the technology is not
robust and this sharing fajlg will have a significant impact on the programme schedule and therefore
increase costs. The causes of these failusegh asIT infrastructure not coping with volumes or
information quality issues resulting in errgnsiust be understood and mitigated.

7.5.4.2 Technology complexity and simplicity balance to meet business objective

There is a risk that to support complex ETO produhtstechnology implemented becomes excessively
complicated to be used effectively by the personnel on the programme. ETO products grexand

as a result have a business architecture which contains thousands of processes, policies, standards and
other guidance used to meet the business objectives.Alkdtechnology such as CAD, PDM or ERP must
have functionalitythat supports these buress activities and as a result will have a scale proportionate

to the size of the programme. Therefore it is expected that ETO products will have a technology
infrastructure which will be largscale, manage significant volumes of information and usechagy
thousands of stakeholders from variobsgsiness functionthroughout the longlifecycle.

B.11describedhow the output from their PLM environment to their customer i®m® complex than it
needs to beB.3describeda challenge he experiencahentheyrefinedthe toolsets tospecifically satisfy

their requirementswvhichresulted inamore complex environmentThis complex environment is a result

of implementingtechnology to support the complex NPD of ETO products. There are large numbers of
personnel from different business functions who require the toolsets to support multiple processes and
information management requirements which can result in technology emphtations being overly
complex.B.26discussechow the size of thé& programmewasa challengewith different variants and
design streams which neededntmanagedrom the same PLMystems He usedexamplesf international
export orders for their ET@roducts which all have to beconfigured differently for their specific
requirements. Variant management in ETO productdifficult due to the complexity of the products.
Each requirement change for a baselinegsign hasonsequentiaimplicationswhich are difficult to
understandand manage duedo the scale of the informatiopits interconnectionsand the complexity of

the design B.26 explainedhow this will bemanaged in their PLM environment which will have to be
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configuredto suittheseobjectives Consequentlybalancingsimplicityof the PLMenvironmentwith that
of a complex business environmentcisallenging There is an additional challenge relating to adagti
the toolset to meet business objectives which is due to the emergentlopmentchallenges of ETO
products. When there is a new PLM implementation on a customlaege-scale ETO produdhere is
inevitably new functionality which hae be introducel at short noticevhich may not have been captured
in the PLM strategy. Therefore when these technological improvements are introguoegédures must
be in place to ensure that they meet the business objectives and are notj&rieeeactions tasolve
emergent programme challenges, which may lead to customisation and complex tooké&stated
that the cycle time of change within the toolsistnot aligned temporalljo meeting business needs and
addedthat they need to improve the agility of the development, rollout and testing.

There is a danger thathe PLM technologyenvironment becomes excessively complicated as the
technology providers attempt to meet the requirements of the business. If programme meesoannot
understand how to use the technology due to it being overly complicated, they will adapt and bypass the
toolsets such as capturing and managing information in offline spreadsheets. This will result in
information being ouof-date or unavailald to other stakeholders. The effect on the programme can be
considerable as ufp-date information is necessary to support the schedule. This will have further impact
if there is a variant of the ETO product which is being designed concurrently as tirg wallirely on the
emergent information from the reference design beingtopdate. Therefore there is a challenge with
balancing the supporting of business technology requiremevith ensuring that the technology remains
simple enough for the programenpersonnel to use.

7.5.4.3 Creating a technology system of systems through integration and
rationalisation

The objective of reducing information dugdition and increasinguality as discussed in Sectigm.1.2

relies on technology ding integrated. A PLM environment should have a minimum number of toolsets
which are integrated in order to remove stovepipe software which promotes information duplication,
manual translation and misalignment. Whitghinimal number of PLM technologyadvantageoughere

will also be a core set of software which performs specific functions during the lifecycle. No one PLM
toolset can provide all the functionality required by the ETO programme. The minimum toolsets include,
but are not limited to CADfor 2D drawing creation and 3D modelling, PDM for managingtbduct
informationand ERP for managing planning, supply chain and manufacturing execution

ETOproducts require technologies which must manage millions of data iteragy of which are utilisi
across toolsets throughout the lifecycle of the programme, as shoviigire3. B.13stated that when
managing the definition of the product, there are always différeoolsets and they are specialised for
different reasonsall ofwhichmust beunderstood In addition asit is not possible, or preferable to have
a single monolithic tool, it is necessamyunderstandhe interfaces He alscstatedthat their PLM syems
are challengingand ever changingnd that theystruggled to definghem at the outset ando manage it
accordingly Heelaborated this statinghat they do not manag and align those expectations gras a
result, there is a level of frustratisdirected atlT support and integratioto the pointthe toolsetsare
retired.

O stated that a lack of appropriate integration woultthuse dataaccuracyissues andited anexample of

a major ETO project he was involved with wdhénere was dackof integration across key technology
systems which causegignificantproblems. He alsetatedthat he has seeimprovementsrecently with
integration between CAD, PDM and ERP systelnsinating manual translation andreducing data
integrity issuesB.16alsodescribedexperienceof a lack of system integration, specifically with Giid

PDM misalignment and how they incurred significant ¢ostreate ateam to align the dataThis was
further suppored by B.14 who describedexperience with data alignment across CAD, PDM and ERP and
how that was a typicdPLMchallengefor them.
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Many of these systems were created and evolved for different product types which present difficulties
with their integration.B.11 describedhow their current environment is an amalgamation of different
systemsand whilework gets doneit is not integratechndthereisa considerable amount of manual effort
required B.19statedthat for their CADand PDM integrationthey are linking two tools which were not
designed to workogethersothea 2 T i 6 NB OSYR2NE KI @S RS@OShecustS R |
the design principles which a CAD tbak may not be compatible with the PDM system. &tiledthat

there is always a compromise in how the toolsetsiategrated.

These toolsets are specialised and have been designed to perform specific functions throughout the
lifecycle and cannot be achied with a single solution. Often these technologies are from different
software providersand are long established in tHETObusiness so have not been designed to be
integrated. There will be difficulties with ensuring that the PLM technoloiesiewed by the business

as being as a system of systems to support the glb@rammeobjectives, and not as independent
toolsets performing specific functions.

CADand PDM integration is common amongst many product types, but gbOucts have different
information managementequirements due to the largecale designThe information includestructural
steelwork large systems of pipewodnd HVAC. They also haaphisticatecdcustomisedequipmentwith
integrationrequirements whichare often unclear during # design phase, such as immature power or
cooling requirementsSpecialised CAD tools artlised, which oftendo not have a pedigree beyond the
CADdesignelementsof ETO products. For exampleey do not manage configuration and change
effectively, anddo not integrate well with systems that do have thiactionality, mainly the PDNystem.
Therefore when ®eking to implement #£LMsystemof systems, there is thehallenge of integrating
technology whicthasnot been designed tbe integrated.

B.15stated that it is not just CAD and PDRkbolsetswhich requires integration, but otheechnology
systems across the lifecycle of the programmel8supportedthis view stating that there should be a
PDM system, a tool for requirements management, another for the functional modelling of the design, a
performance modelling toolset for the product developmgeanda desigrfor-safety tool. These toolsets
have differing integration levels which have tolmaderstood and mappedhe addedthat there is good
integrationbetween someand less so for others.

The level of integratiobetweenthe technologies should align with the needs of gregramme;assome
ETO products requira greater degree oihtegration than othersdueto the level ofcomplexity of the
product.B.22highlighted that they have twd-OGshipbuilding programme®ne of which is ofar greater
complexitythan the other Thefinancial overhead one programme caafford in order to meet its
objective is greatethan the other. Therefore the levels of integration must be reviemand agreed for
each programmeo ensureit has the necessanyeansto maintainthe integration.

B.23stated that they have suffered due to the effort and considerable time it has taken to move from
their legacy toolsets t€OTS technologgnd that this is reflected in the cost and schedule estimatttes
described the impadhat this has resulted in them not begrable toimprovetheir new PLMcapabilityas
their resourcesare stillfocussedon the migration from their legacy environmeritherefore there must

be sufficientplanning and controlsnplementedio managethe migration project to ensure that business
improvement can be maintained. As ETO programhaeemergent challengesnechanisms should be
implemented toensurethat available resources are only working on technologiativesthat relate
diredly to the business programmes.

Understanding thathe PLM technology is a systeofi systems ismportant; otherwise there will be a
focus on individual toolsets as oppasto their overall integrationB.27for instance stated that they
view the PLM environménas tootcentric and that forthem it is the PDM systentie agreedthat he
knowsit ismore than that but it isthe capabilitiesof the PDM systenwhich is important to him, such as
the developmen of the product, documentontrol and management of supplier informatioffhis single
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PLM system viewpoint is a challendecause ifthe overall systems of systems approach including
technology interfaces, informationna processesis not understood,it will encourage a stovepipe
disparate view of PLM resulting in difficultilsroughout the lifecycle of the ET@rogramme.The
integrated toolsets must manage emergent requirements where new information must be passed from
one software system to the next. An example is with a new attribute in the CAD toolset which has been
identified as necessary to allow manufacturing planning to schedule welding activities early in the design
lifecycle before final equipment placing. This will require the interfaces to be updated to share the new
attribute.

B.19raisel the challenge of forcecchanging working practices due to the integration of systasshis
dictatedcertain practiceso be useddue to the interfaces requiringertain criteria to be met blere they

will work effectively B.8highlightedthat everybusiness improvemerthey put in place can benabled

but also constrainethy whatever toolsethey have.This loss of freedonwhichpresentsa challenge to

the people, process and information approach to the programoas ato be used as leverage to force
improved practices. An example is thatior to the improved integration of technology systenp@or

data quality or unauthorised immaturity may have been used in downstream systelnishmayimpact

the overall programme.ferefore technologyintegration maybe an enablerand support the resolution

of significant challenges with the successful implementation and utilisation of PLM to meet business
objectives as discussed further within Section6. Achieving an appropriate level of technology
integration is challenging as ETO products require the management and sharing of millions of information
objects. These objects will be broken down to various levels of detail by different stakeholdergtbubu

the lifecycle of the programme to support different programme objectives. Without technology
integration then these objects would become misaligned due to evolving design and emergent change.
Thelarge volumes of informatioand complexity oETO prductsresult inchallenges with understanding

the level of integration required. If the integration exceeds lingit of the businesses ability to manage

the information, or is greater than theolsetscapability then there will be arunsustainabldevel of
overhead This includes managinthe information integration the software interfaces and thelT
infrastructure. Mie to emergent challengebere will be rew requirements for information integration

that will be identified throughout the lifecycle ohé programme Thismay result in the technology
providers having to respond quickly. There will be difficulties with understanding priorities of new
requirements and ensuring that the technology providers can focus resources on appropriate business
needs.

7.6 Enablers for PLM implementation on ETO products

This section synthesises the interview responses in relation to the enabler for PLM implementation on
ETO products. As shownTable10in the Sectiorv introduction, the interview questio® was usedo
capturewhat improvements the interviewee would make to their PLM environment and ®lxgstions

6 and7 were used to prioritis¢he improvementsn terms of impact and effort if there were a number of
improvements identified by the interviewed his was used in the thematic analysis to determine what
improvementshad the greatest significanc@uestion 8 was used to capture how the implementation of
the improvements could be better enabled.

Question 12 wausedto capture how the challenges which have nbeenidentified by the interviewee
could be overcoméerhis approach wassedto capture any furtheenablerghat the interviewee may at
have considered iQuestiors 5, 6, 7 or &s theymay not have yeidentified all of their challenges with
PLM implementation.

The following subsections are the enablers for the PLM implementation framework synthesised from the
interviews using thematic analysis and are structured by those which rel#tétonation (Section 7.6.1),
ProcesgSection?.6.2), People(Section7.6.3 and Technology(Section’.6.4).
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7.6.1 Information enablers

This section describes thoseadniation enablersfor the implementation of PLM on ETO products which
have been synthesised from the interview responses through thematic andiaenabled subsections

to be created which describe the informati@nablers which include the developmeat policies to
capture what information is required and how it will be used within an evolving complex product. Another
enabler is PLM information integration, policy development, standardisation, learning from experience
and adherence using suitable expige within a dedicated cross functional team. The development of a
data quality and governance policy, team and adherence approach was also identified as an asable
was the development of configuration and Change Management approach across an BUE andl its

variants.The information enablers are illustratedkigure33.

Information

7.6.1.1 Develop policies to capture what information is required and how it will be

Enablers

Develop policies to capture what
informationis required and howit will
be usedwithinanevolvingcomplex
product,

PLM information integration, pelicy
development, standardisation, learning
from experience and adherence using
suitable expertise within a dedicated
cross functional team.

Develop data quality and governance
policy and adherence approach.
Develop configuration and change
management approach across ETO
product classes and variants.

Figure33Information enablers

used within an evolving complex product

ETO products have large volumes of information at various levels of detail which are used by multiple

stakeholders throughout the lifecycle of the programme. It is important to understand what information
is importantand to whom. An agreed set of policies should be identified, created and managed for the
AYF2NXIEGA2Y 202S004& YR GKSANI Fdzy OlA2y GAGKAY
required to meet business objectives should be establisBe2éstatedil KS A YLIR2 NI yOS 2 F
the information tounderstandwhatisthe status of the programmso that risk, safety and schedule status
can beunderstood and allow him toarticulate this appropriatelyto his cusomer. He assedd that an
improvement totheir PLM environment would be to make the data more digestible which would allow
better decisions to be madmore quickly. Heited an example of a dashboattat shows thestatusof

the informationin terms of ke risks such as with the scheduile support this improvementhere must

first be anunderstandingpf what information is requiredmongsthe volumes produced in ETO products.
B.18described theimportance of understandng information andits impact on the programme. She
providedexamples of wha&ppeargo be a change to the product whidfitially has little impacbut may
actually havéhugerepercussions. Steuggestedhat guidanceis requiredto help people understand
implication of changing the information arid effecton the products. Shprovidedanother example of

a weightrelated designmargin wherethe location ofan equipment item may have a significant effect
and that when an investigation of thmpactof the changds undertakeneventhoughit hastaken a long

time, the results mayot be correctSheaddedan example of a complex change where teamraised
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changes to electrical datdheelectricalteamthen respondedto say thatthere wasnot enough pwer.
Thisin turnlead to a bigger changehich hal a major design impactvith the HVYAQeam stating thatit
had brokentheir designassumptions in an are&hecommentedthat they did not have the prompts in
the system to get correctimpactassessmentand thatthere is a need tamprove the identification of
the interconnections between thénformation impacted bythe changeShe statd the importance of
being presented with the righhformation on the changevhichwouldallow it to go through theltange
management system quickemd highlightedthat, standardising thechange impactpproachwould
reduce the time taken to process it

If apolicywas created tacapturethe information that is important then this could be used not only to
aid the stak@éolders but alsoto add valuableattribution to the objectswithin the PLM environment
stating theimportance of the specific artefacts. Aeaxampleis with a part which is identifieds an
important element withina navigationsystem of a shipwhichwould aididentifyingwhether a change
will have a significant impact or ndttribution within a PDM system is common place, the key enabler
is the policy whicldentifieswhat informationis important

B.18alsostatedhow repotts are important to her tainderstandthe impact of a changef. the information
identified in the policy is appliedto the technologythen report generation from the toolsets can be
configured to provide the information required by the programmel7identified product change and
anaccurateunderstanding ofts impact on the supply chaas an improvement to their PLM environment.
Headdedthat they also need to understand whtite supply chairbusiness functiotis requiredto doin
order to support thechange. Terefore the impact of change in the design will need towaerstood
acrossthe programme functionsSupply chain have a particular challenge in that they need to go to the
market to procure the materialeequiredto support the product. AETO products have challenges with
procurement due to the bespoke nature of the product and the customer value for money restrictions, it
is difficult to react quickly to a product change when the material cannot be easily sodittek:forean
accurate understanding ahe product information andhe change implication is critical, especially due
to the bespoke nature of the ETO produCobnsequentlythe supply chain may have to seek concessions
from the engineering community vém material specified bghe engineer cannot be sourcéxait a similar
item can.

B.1 describedhow he believesthat there isa disconnectbetween the engineeringand supply chain

business functiongind that an improvement to th&LM environment is that amprovedintegration

between these twofunctionsin the programme. Heited an example when supplierinformation is

provided into the programmghe requires an understanding of how mature it is fromadzLILX A SN a
perspective for exampleis it used in other programmaey is it developmental and itherefore a risk to

the programme as it may change. This can have a significant irapdlee programme as this supplier
informationis used in thelesignand integration of the producand changes due to supplier immaturity

can have a significant effecfherefore the policymustprovide guidance on not only what information

is required but also guidanceon maturity and how it relates to the interconnectionacrossthe
programme.

ETOproducts can behugely complexand, as describedin this researchan understandingof what
informationisimportantand how itinterconnectdo each other i€hallengingTo enable the information
objectives of the product and to overcome the challengeth providing this informationrequires a
policy to be created which helps the programme stakehddenderstand what is important. It must also
inform what it will affect and what is required to be presented to the stakeholders, such as through the
charge management systerB.5supportedthe importance of identifyingvhat information is important

and provided an example of when there are a number of new occurrences in the BoM and how
understanding what it means is difficuue to the large volume of BoM information in ETO products,
understanding the implication of its growth is difficult. The polayould provide guidelines to the
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stakeholders about what information is important and any change needs to be articulatedde thiao
consume thenformation and those who managke overall design, cost and schedule.

B.24 describedhow important it is to uderstand what information otheistakeholdersrequire. He
provided anexample ofthe electrical @sign team requiring information from others on their electrical
requirements. t¢ also gve anexample of the combat design team not understanding the implications of
weight to the product design. Hstated that they areeffective at entering informationnto the PLM
environment but they donot put the right information into help others in the programméhe overall
programme team doesot alwaysunderstandwhat ismissing Consequentlynot only will the policyhelp

in providinginformation relating tadentifying implications of a changbut it will also help in the design
process to aid with evaluating what data is missing or insufficient to meet the requirements of the
stakeholdersTherefore the policy must be aligned with the information requirenteof the programme,
how the information should beapturedin the toolsets, arappropriatebusinessntelligencereporting
approach and also a means to be able to measure and present the quality of the information.

B.5 stated how important it is to relate thecapturingof product information with the programme
management requirements to suppats presentationin a formthat the senior management team can
understand anduse. Hequestiored whether the product information andits use for programme
managementare close enough and whether thaynderstandwhat information can be used for this
purpose. He alsstatedii KS Yy SSR FT2NJ Sy adzNAy3 (K HyhamitdaSughttt Sy a Q
meet the needsnot just of today butin dewY 2 y (i K & @henithe Yr8gramme is at a different phase.

These policies will assist with establishing how the information will be presented to meet the needs of
the programme. An example is to identify and report on the information which providem#magement

team with the cost and schedule status of the programme. Another example is to identify what level of
detail is required in the CAD model to enahleEngineering Bill of Material (EBoM) to be created which
can be have emergent change applidfiokently. Too much detail will impact the speed in which changes
can be applied to the EBoM due to the time it takes to update large volumes of information.
Understanding the information which is of valaenongstthe large volumes will assist with proind
management focus to manage maturity and identify risks to the programme and technology can be
applied to report on these high value items. Understanding the information ownership will help with
assessing the impact of change the design. It will als@nable the impact assessment to be more
efficiently processethy the correct personnel. What may seem as a simple change to one discipége

have a significant effect on another. Examples are within the engineering teams where an electrical
change on a equipment item placed in a physical location imeaal shipmay have a significant effect on

the overall electrical design for that area. This may result in a significant redesign and additional power
generation requiredwhichmay havea consequentialmpact on weight management to meet customer
requirements and spatial design where there may be no room for the additional equipment.

The interconnectiondetween the information will include other disciplines such as manufacturing
planning and supply chawhere the impact of change can be significant. Therefore being able to have a
thorough understanding of the information, how it will be used and its ownership will assist not only in
managing the evolving design, build and support but with managingfbemation interconnections and
emergent change. This understanding will also assist&dticatinghe programme personal in providing
updates to the information which is particular value to the programme, therefore assisting with
understanding where ther is missing or out of date information. These policies will enable a more
effective business intelligence strategy as the reporting cafobessedon appropriate information at

the relevant programme lifecycle, concluding current programme position aretésting the status in

the coming months and years

This supports the need for policy to understand what information is required, nainly for product
design andchange managementout for allstakeholdersin the ETO product throughouts lifecycle
including programme management.
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7.6.1.2 PLM information integration, policy development, standardisation,
learning from experience and adherence using suitable expertise within a
dedicated cross functional team

This section describes howdadicated crosgunctiond team with SQEP personnel can be established to
enable PLM information integration, information policy development and information standardisation. It
will enable the learning of experience from within the programme, previous programmes, academia and
from the wider industry to ensure that PLM objectives can be achieved and that related challenges in PLM
implementation and utilisation can be overcomgwill alsoensure that the informatiofrelated policies

and procedurswill be adhered to across the extded enterprise of the ETO programme.

0 statedthat an improvement they would make to their PLM environment is to ensure the highest level
of integration of information which is used by different business functions in diffefeLM technology
systems Heprovidedexamples of aligning common information which is used across the lifecycle of the
programme, including CAD informatiowith that within the PDM system and that usatthe in-service
support environment in order to novide a througHife solution. B.15 agreedwith the throughlife
approach to information integration but hetated that hewould like to see improvements with
downstream integration so that the focus is not just on the desimn,includesthe manufacturing and
in-service support elements as this would provide improved customer satisfaioighlightedthat the
management of this master record is criticaihd thatthis must beembodiedin the technologysystems

to ensure thatit is a cradle to gravesolution with appropriate business rules and interfaegpliedand

that third-party software vendors arappropriatelyengaged B.14 supportedthis view stating that a
improvement to his PLMnvironmentwould to align the keydata that the business requirasith the
relevanttechnologyintegration. Heprovided an exampleof a previous programme where there were
information alignmentissues which incurred significantatdo the programme, specifically between the
CAD andhe PDM systemThis resulted in action to resolve the misalignment and resulting data quality
issues as the information was passed to manufacturihgdescribedhow there need to be a more
proactiveapprovalto ensure the information iéit for purposefor manufacturing and added thathey
haveexperiencedt A Ay A TA OF yi WLI Ay Ghe éoiettinfonmgtiBrSsNBNatlsystBM. Yy 3 6 K |

B.26stated how an integratedriformation environment would be a significant improvement for them
how highly he regards the BAE SystaBw@V, and how the information is captured from suppliers for
improved population into the PLM environmerithis is described further in the Type 2&eastudy in
Sectiorb. B.10statedthat he would like to see an improvement in the way that PLM informationasae

to maintenance managemenfs a consequencéhe information used to design artlild the product,
must also be used for maintenance both within the build lifecycle, fagmaintaining equipmenfitted
but not yet inservice with that of the information providd for in-service support.

B.27 stated that an improvement to their PLM environmemtould bethe upfront design of the PLM
system itself; they have experienced problems in the past when not enough atteftaanbeen given to
the design of the PLM environmerA dedicatedPLM team with SQEP perswi from the business
functionswould enable thesémprovementsand those described above to be managed effectivEhe
team should have theexperiencefrom previous programmes andcrossindustry to understandthe
objectives andchallengedo produce paicies for the information as described $ection7.6.1.1 They
should also be able to understand theearning from Experiencé&KE from within the programme,
previous programmes and across industry and academia and willthexdedicated time and resources
to undertake these activitiesThe team should berossfunctional to ensurea complete understanding
of the interconnections of the informatiomcrossthe functions Theyshouldbe able to produce the
requirements for theechnology development and resultant reports to support the policies and ensure
they are adequately tested and validatedtlherence across the extended enterprise of the programme
should be ensurednd supportprovided when there are issues with the infoation.
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7.6.1.3 Develop a data quality and governance policy and adherence approach.

Quality of information has been raised as an objectiveSaation 7.4.1 and there are significant
implications to the success of the ETO NfRbis isnot appropriatelymanaged. This is due to the large
number of interconnections of the information which is created and used by multiple business functions
throughout the lifecycle of the programm@&o support this objective a policy to manage the quadity

the data, its governance and also to ensure adherence of the policy is required.

B.2raiseddata quality asanimprovementto his PLM environment to meet their businessjectives. e
statedthat whenthey went live with thér integration betweertheir CAD and PDM systentisere was a
considerable amount of errors when the data was publisheddé$eribel the rules in the interface which
will stop dat publication ifthere arenon-conformances and these should be validated source. He
statedthat theyshouldhave putmandatorycoding iio the CAD system to stop the data being published
rather than letting the interfacadeal with them. As ETO products have huge volumes of data items,
includingequipment,pipe spools, steelipce partsand HVAC, then problems arising from publication can
take a considerable amount of time to resolve, impacting the cost and schedule.

CAD and PDM integration has an important business function to ensure alignment between the system
design in thePDM system and its spatial integration in the 3D model on the CAD system. Due to the
complexity of ETO products anideir scale, if data quality is not managed, then significant issues will
occur with the interface such as publishing failures between W gystemsThis iscompoundedoy the

level of emergent change which will haveubsequeneffect with CAD/PDM, for exampliarge volumes

of data may have been published from CAD to PDM which may then have to be republished due to product
change A closerelationship between datauality and the level of maturity of the produés required

before CAD to PDM publishing commenaogkich should beapturedin the data quality policy0 stated

the importance of master record magement with integration, which is important to understand where

the master source of the dat@sides As discussed ifection7.4.1.2 there is a PLM objective to manage

a single point of truth of information even though stused in multiple PLM systems by various business
functions. The master data is where the pointrftth of the specific information resides.

B.3statedthat there is a relationship between data quality and usetoptionasthere are issues with
guality whichimpactPLM toolsets and processeichwill have an effect olits successful usédue to

the large volumes of data which require quality managemeanteam with theappropriate resources
should be created to manage the @pach to data qualityThis team must understand the interfaces
across the PLM systems of systearsd put in place a policy to ensure that data can be published to meet
the needs of the programm@&hispolicyshould includevherethe master dataesidesand what form of
validation should be enabled for successful publication@rsumptionby theprogramme Appropriate
business intelligence reports should be created in order to understand the success of the data quality
publication and also to aid in thesolution of any issues. The team should also ensure that the policy is
adhered to by the business such as with pursuing any quality issues at source and any IT issues relating to
unsuccessful publication across the systerfise dataquality team will asist in overcoming those
information challenges identified irSection7.5.1.2 and in enabling improved resilience of the key
information required by the programméhe data quality and governance approach will be supported by
the other enablers described in Sectid:.

7.6.1.4 Develop a configuration and change management approach across ETO
product classes and variants.

This sectiorconsidersovercoming the unique challenges of ETO productddwelopinga configuration
and change management approaghich meets the objectives discussed in Sectighland overcomes
the challenges discussed in Sectibb.1 This approach shouldclude asingle prodict and its design
variants.Due to the highly customised nature of ETO products and the resultant evolving maturity and
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change which impacts the information, a specific approach to configuration and change management is
required. Maturity criteria areclosely linked to chage and configuration managemeas there is an
overhead toconstraininghe design into change managemewWhenconfigurationcontrolis applied and

the desigrenterschange management, any updates must firbte approved by a change &al. Due to

the largevolumesof data in ETO products artde emergent challenges which will occur, this can be a
time consuming and resourcitensive activity. Each change must be thoroughly investigated to
determine its impactThisrequires identificaibn of the affected items which amelated to the change
objects. Ppically the market leading PDM systendsdzOK & t ¢/ Qa 2 Ay ROKMillf | yR
have configuration and change management integrated with the product artefacts, enalliogatic
configuration lockdown or unlocéfter the approvalof the change. This has a further impact ore th
product development processf mistakes are made for exampleaffected items being missed through

the change lifecycle, then they will have to beisged which will incur further delays resulting in schedule
and cost implications.

B.18stated how important it is for her to understand how the various design artefacts are affected by a
changeihis canoften take days and ¢w they are always missing thinggheenquired whethetthere is

a way for the technology to help a person understand what else coulaffieeted;this could be very
helpfulif a solutionwasfound. The challenge with this request is that while technologuld identify the
relationshipsof the objects within a changejt would be difficult to design technology which would
understand the implications of the change in terms of its interconnectiaaghis would requirssome

form of intelligence to replicatehe knowledge requiredThere must therefore be a balance between
technology, process, people and information management when applying configuration and change
management.

B.13describechow the change processust be easy tose andachievethe balance between maintaining
configuration control through change managemeltit it is overly complicatedthen it impacts the
flexibility and speed of response from the programniberefore developing a configuration and change
managemat approachacrossthe ETO product is criticd.13explaired that the changeprocess works
until changeis embodiednto the productdesign.He stated that ownershipof the endto-end change
process igequired due to the muliple functionsinvolvedin its executionfor exampleengineering,
guality, manufacturingand programme management.

B.16statedthat 60% ofprogrammecostresidesin the supply chain an@é huge amount of data comes
from supplers. He added that it is important to understandthat the designis integrated with the
suppliers and thatthe programme must ensure th#thtey can manage and understamtiangeacrosghe
business functionsTherefore with configuration and change managent, the approachmust include
ownership of the processand ensure that it provides guidance on the responsibilities and
interconnections of change across all the functions in the progranB8statedthat managing multiple
configurations of a product to assist with the design development and decision making would be very
advantageousThe management of desigariationis important not just in theontextof asingleproduct

but alsowith the winningof new orders such as wittxportmarketopportunities An example is with the

GCS where there are UK, Australian and Canadian variants. This requires configuration and change to
manage the evolving design and build across multiple variants in various geographical locations.

Whilst configuration and change management is a wedearched topicETO products have specific
challengeswhich require careful consideratio.he change and configuration management approach
must align with the other enablers discussedSaction7.6. For example the policyregardingwhat
information is required by the programmes discussed isection7.6.1.2 will greatly assistin the
successfulexecution of the configuration and change managemeapproach by helping to identify
important productartefactsand their relationshipsThe approach will also be supported by tvecess,
people, and technology enablers discussed in the following secfldwsapproach must also ensure that
the baselinepoint for configuration and change control supports the evolving product and does not
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constrain the programme into costly and tirgensuming change management too early. An example is
with a FOC naval ship which may require configuration control to beyeliater in the lifecycle phases

than subsequent ships due to immaturity. This must be balanced with the risk of instability of the
information impacting those who use the information in downstream activithes.example is with a
pipework system in a nav ship build programmehe system designas updatinghe functional design,

the detail designer is updating the 3D CAD model to reflect these changes but the manufacturing planner
is in the process of placing work orders for build based on the predesign.

7.6.2 Process enablers

This section describes thopeocessnablers for the implementation of PLM on ETO products which have
been synthesised from the interview responses through thematic analysis. This enabled subsedt#®on
created which describéhe process enablersThese enablers include the ownership of PLM business
processes, their development, standardisation, learning from experience and adherence using suitable
expertise within a dedicated cross functional teaBnsuring gidelinesand govenance over process
complexity to ensure they are simp@dusableis another enableas is mandating thatilisation of PLM
processes internally, to partheesxdthe supply chainThe process enablers are illustratedHigure34.

Enablers

+ PLM business process ownership,

development, standardisation, learning

from experience and adherence using

suitable expertise within adedicated

functional team.

Guidelines and governance over process

complexityto ensure they are simple

and useable.

+ Mandate utilisation of PLM processes
internally, to partners and the supply
chain.

Process

Figure34 Process enablers

7.6.2.1 PLM business process ownership, development, standardisation, learning
from experience and adherence using suitable expertise within a
dedicated cross functional team

The PLM busines processesused to supportETO NPD shoultdave appropriate ownership for
development andnaintenanceto supportthe various business functional activitiggt they represent.

The processes should also be standardised to support the various intercoansctif the business
functionsto ensure that disparate processes which only support individual programmes or activities are
not created.A dedicated cross functionBLM teanrepresenting the businedsinctions willenable both
ownershipand developmenofthe processes but also integration with the other business units. This team
will alsoensureadherencewithin their own business functions and targety disparatgorocesses which

do not support the PLM objectives of the business. Ensuringléiaahing fom experience is captured
from within the programmeany legacy programmes and across industry and acadenmilaalso be
enabled by the team
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B.14statedthe importance of ensuring thahe PLMstrategyis not diven by an ind/idual programme

but spans all programmes within the businesle addedthat they have used PLM differently acrass
numberof programmes asachistailoredto individualprogrammeneeds.Theytypicallystart PLM from
YPEONI §OKQ F2NJ Slestltingsi2cdhaying & slighflyidieretit LM system for each
programme. He statéthat PLM should be owned by the business and not driven bytbgramme but

with a central function managing PLMhere should be standardised businessde proceses and
technologywhich will drive consistency with the way people behave and will assist in eliminating data
quality issues experienced by the programmdeprovidedexamplef how, across programmegeople

bring their own ideas which results wariatons inthe processes, technology and in the designs
themselvesAs a result ofhese variationsthe business does nailwaysget the benefits from translating
design content from one programme to another and thatcordingly people become frustrated He
providedfurther examples that if there is standardisation of PLM across the business then it would reduce
the time to undertake tasks, resulting in improved schedcadwerenceand makinghe businessnore

cost effective.He alsodescribedhow the requirement for training would be reduced if there was
standardisatioracrosshe business as mongrocessvariationusuallymeans more training.

In order to ensure standardisation across the businassross functional PLM process teamith the
appropriate auhority and SQEP should be creatddhiswill include process development, ownership,
ensuring adherence and also providing central communication to the technology providers to ensure that
requirements meet wholdusinesobjectives and not just those of ¢hindividual programme. This will
reduce technology variations across the business regpuiti reduced customisatiomgwer risk to the
programme and will enable the IT function to better focus their resources on the key business
requirements.

B.13 describedhow an enhancementto their PLM environment would be to have improved team
integration with different functions embedded within teamsaddvancehe way they work together; this
would also enable quick access to the rigkillsets. The ETO product is complex so there are skilled
resourceswhich support thevariousprocessesacrossthe functions such as systerdesignengineers,
detail design engineers, supply chaiprofessionals programme managys, finance personne]
manuacturing planer, manufacturing enginees, test and commissionersand inservice support
engineers Havingepresentationfrom thesefunctionswould assist with the success of the PLM approach
by ensuring that the processes aadabling PLM technologyeet the needs of alfunctionsacross the
lifecycleof the product.

A central PLM team was also supportedyho statedthat to resolve the issues associated with PLM
delivery, itwould bebeneficialto have a centralised tea to provide PLM administration, standardisation
and ensuring it igonsistentlypracticable. Haddedthat they would provide economies of scale where
the overall programme would benefit by utilising key resources centrally to leverage their skillsetstto
programme objectivesHe also statd that this central team can be usetb enable learning from
experience andhat; ultimately, centralisationwould provide benefis which ensureghat the same
problemsare notrepeated which has beenhe case on mvious programmed-e cautiomd that this
may be seen as empire building by sqrbet that can be mitigated by gaining biry from across the
organisationnot leastby explaining the benefits centralisation will bring.

A.l4statedthat they do nothave asurplusof resources who have tHanowledgeand experience in the
PLM processes and technology and that it is difficulteitruit SQERIue to the unique nature of their
product and its complexity. He questiethwhether external resources woulthderstandthe difficulties
with their productand whether they would understand the processesernal skilled resourcesowever
have otherdemandsplaced on them to meet the challenging programsahedule andhat they often
rely on resources for the PL¥hplementation that haveother responsibilitiesTherefore there is a lack
of dedicated focus on the PLM implementation from these skilled resouktespeculatedthat their
organisationdoesnot do enough to establisthe relationship between the issues and thechnology
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requiremens, causing difficulties with implementing a solution into the PLM environment which
addresses thee requirements. The solution is typically implementedvhilst undertaking theproduct
development activitiesHaving a dedicated PLM team would enable the focus to be on the PLM
implementationwithout beingdistraded by other activities Therewould also need to be a balance
between replacing these skillsets and building up experience in other team members.

B.10described the difficulties with using the technolgmyvidersto assistas they dahot understand the
requirements of the ETO produycthey have a very IT approa@mdthey focus on selling their products.
B.3statedthat animprovement to their PLM environmethat meetstheir business objectivesvould be

to use PLM earlier in the lifecycleoweverit must be appropriate to the needs of the programme and be
scalable to support business proceswith the necessary control hededicatedSQEP PLM team would
provide this improvement by introducing repeatable processes and enabling technplogen in
previous programme This team would have the necessary skills and experience from across the business.
B.2alsosupportedthe use of adedicatedPLMteam. He statedthat his organisatiornas processwners

but that theyalsoundertakeETCOproduct development activitiesowill not havethe capacity tocreate

these processes. Haddedthat they ovecame this challenge by creating a central teatnich create

and maintairs these processes, in alignment with the core PLM architecture and principles that can be
explained to the busines3he dedicated process team would be within the same PLM orgamisasi
those described in Sectio.6.1.1 enabling integration with PLM processes and the information
management approach.

7.6.2.2 Guidelines and governance over process complexity to ensure they are
simple and usable

The challenge ofnsuring that processes deliver business objectives but are not overly complicated was
identified as the only challenge relating to processes, as discussed in Seé@&idrl O stated the
importance of ensuring simplicity with the processts, exampleensuring thatelectronic workflowsn

the PDM systermare not technologydriven with vendorsdirecting the solution.He added that if a
dedicated PLMeam is created and there are integrated processand systems with a master record
approachthen this will assist with process simpliciB/16cautioned that the business shouldt be too
prescriptiveand thatflexibility is required toassistwith the complexityof the programme B.7described

how there is a need to ensure that there are no local approatinasing PLMsthat may result in quality
issuegesultingin a lack oinformationrequiredto understand the oot causeHeaddedthat PLM can be

used to mandate howhe business operates

B.14statedthey must not havgrocesses which are too onerodisy examplewhere electronic workflows

are too complicatedHeaddedthat they keep the procegssimple andendeavourto continue to do so.
B.2alsohighlightedhow they made their electronic workflows in their PDM system too complicated and
prescriptiveasthey believedthat everyone woulduse the same workflow. This led to it becimg too
largeto support all the procesgariationsandthat if something wentvrong in the workflow itvasdifficult

to fix. Hedescribedhow they had tocompletelyreengineer the workflows to make thesimplerand

easier to supportwith the key beingto keep things simpleAs shown from the interviewesponses
discussed in Section5.2.], therewasevidence todemonstratethat due to the complexity of th&TO
product, processsare created which reflect this complexitgnd subsequentlynake them unusableA
balancemust bestruckbetween ensuring that the processare robust and meet theusinessieedsbut

that they are also simpleisableand are easy tonderstandacross the large number personnelin the
programme fran variousfunctionsand backgroundsrhis simplicity will also aid with ensuring that those
electronic workflowswhich are based on the business processes, can be maintained and are flexible to
meet the emergent needs of the programmeherefore, there sbuld be guidelines and governance
managed by the central PLM team to ensure that the processes do not become overly complicated when
attempting to meet the business objectives.
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7.6.2.3 Mandate utilisation of PLM processes internally, to partners and the
supply chain

There is minimunadvantageto the ETO NPD HLMprocessesre created to support business objectives

but these are not made mandatory for use by all those involved in the extended entepri&aised a
supplier perspectie to describehow importantit isfor supplierdo understand the programnt@ maturity
managemenapproachandthe relationship withthe productinformation they provide The information
provided by suppliers is used to progress the evolution of the desigroften this is at various levels of
maturity at different life phases in the programme depending on the level of customisation, as discussed
in Sectior2.4.5

He stated thatas a suppliethey want more knowledge of the desigystems their product will interface
with across the ETO produahd howthey can helpwith the integration This relationshigpetweenthe
supplier information and maturity management is an important enabler for successfulPLM
implementation on ETO pducts as the suppliers providechnicalinformation used toevolve the
product development in the programme. To ensure a successailrity management approackey
suppliers especially those for critical design systestspuldunderstandhow the informdion they are
providing is being used by the programmerédlectthe maturity of the product.

B.26describedhow he would start from the beginning of the programme and ensure that the contracts
have clauses stating thatakelolders and relevansuppliersmust adhere to the PLM approach. Biéds

that it shouldbe stipulated that they must use the sameedgtated environmentand that they canot
subsequenticreate theirown technologysystens. This is an important point to assiwith the objective

of a single point of truth discussed in Sectiba.1.2

As there are many stakeholders in ETO programmes, having contractual obligations is important to ensure
the prevention ofdisparate unintegrated sgtems, with the resultant information quality issuds.
conjunction withthe contractualobligations the stakeholdersnust al® be supported by the RLteam

who can provide support and help to ensure bnyof the programm@& PLM approachThe PLMteam

can also aid with assuring that adherence to the PLM approach is maintained.

As describedby B.21, suppliers would be willing to support the Plagproach if they understood it.
However,without the contractual obligationsas sated byB.26 there is a risk that when costs and
schedule impact the delivery to the programpnibe stakeholders may fail to follow the PLM approach.
Having a appropriatebalance between supplier engagement ameerly constraning themby the PLM
processess important.B.17highlightedthe importance of allowing suppliers to innovate to assist with
the product development proces$his would also assist with the collaboration objective as disdusse
Section7.5.3.5

B.20 stated that they would prefer longterm collaboration withsuppliersto build relationships and
highlighted the difficultieswith having to go out to thenarketfor each rw programmaen order to meet
value for money conditionsetby the customeans discussed th4.4 Hestated a preference foa healthy
supply chain which isot relianton their businessSinceETO products have a long lifecythere is a risk
that if a supplieris too reliant on a single programmehey may become insolvent within the product
development cycle. This would impact the information used to progress the product developsesrl|

as the final delivery of the hardwe during the manufacturingphase. In addition tengaging with
suppliers on theiresponsibilitieswvithin the PLM approach, monitoring the wider health of their business
is important. Through this engagemetite skillsets of the supply chain and the widstakeholders will
increase, improving the understanding of PLM in the programme.

7.6.3 People enablers

This section describes those enablerkating to peopldor the implementation of PLM on ETO products
These havébeen synthesised from the interview remmses through thematic analysighich enabled

148



subsections to be created@hese enablers inclugeoviding continuing evidence of PLM benefits to senior
management to enable support and maintain sponsorship. Another enabler is developing and
implementing a omprehensive business change initiative on PLM. Establishing a cross functional PLM
education approach embedded within the core business training programmes which emphasises core
values and objectives was also identified. Another people related enablethwabevelopment of PLM
objectives, education and support to the business using suitable expertise within a dedicated cross
functional team The people enablers are illustratedfigure35.

Enablers

* Provide continuing evidence of benefits
to seniormanagement to enable
support and maintain PLIM sponsorship.

* Develop andimplement a
comprehensive business change
initiative on PLIM.

+ Develop andimplement a cross
functional PLM education programme
embeddedwithinthe core business
training programmes emphasising core
values and objectives.

+ Develop PLM objectives, education
approach and support to the business
using suitable expertise withina
dedicated cross functional team.

People

Figure35 People enablers

7.6.3.1 Provide continuing evidence of benefits to senior management to enable,
support and maintain PLM sponsorship

The sedbn relates to the importancef ensuring that the senior management team is fully supponive
the PLM imm@mentation through the lifecycle oits implementation andutilisation on the ETO
programme.Without this continuing support the PLM implementation will be put at risk as pewjle
by-pass polices angksort to old omon-sanctioned approaches.

B.8statedthat if management loseconfidence in PLM then it can be seen as an overlqgghd challenge

is selling tle investment and getting buiyn. Howeverhe goes orto say that senior management in his
programme ae always emphasising the strength of their PLM implementationthatithe benefits will

be realised downstream in the program@difecycle This support from the senior management team is
important as initial activities may provide the greatest benadibther stakeholders later in the lifecycle.
Without senior management team support explaining these bengfitsre is little incentive for people
who donot directly benefit undertaking the tasks. An example is with the identification of repeatable
managdng processes as discussed in the Type 26 case study in Se&idie engineers are those who
are being asked to capture this information within the PLM environmieuat the benefitswill not be
realised untithe build phase which is years after the commencement of the design phases.

B.4 stated that it is important to be able toquantify the benefits of PLM and explairio the key
stakeholderswvhat the business isefting from the effortappliedto its implementation and utilisation.
The identification and communication of the benefits of PLM is required or people wiltstade faith
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in the implementation and resort to old way of working, or complairthe senbr management team
that they are not meeting their objectives due to time taken on PLM activiBe$9 describedthe
importance of the senior management team understanding the architecture of the PLM envirbamekn
how it benefits the busines&.his will enable the senior management team to understand how PLM is
utilised and where the business investment is being targeted to achieve value.

B.23explainedhow it is inportant to gain sponsorship from the business and to have an owner from the
senior management teanputting effort into winning the hearts andhindsof the senior management

team is worthwhile He described thdlifficulties with their PLM implementatiomnd that people in the
progammeda SS A0 Fa 'y L¢ LINE 2 S buiexplajiRthatifdt yde2wfodg tleh i S Q &
can impact the programmeéiestatedthat adesignated®LM owner would help focukeir organisational
approach is required to engre a single methodologyand reduces the risk of disparate customised
systems simple processes and integrated information

B.25highlightedthat PLM must provide efficiencies astiouldnot be anaddedcost fa no return. his
isproblematicas explained b.8who statedthat the value of PLM is not widely understoaddcan be
undervalued An enablerfor ensuringthe continuing support from the senior managementia is to

provide evidencefrom across industry and LFE from othmogrammesof why PLM is importantThe

senior management team in ETO programmes are aware of the risk of cost and schedule overruns typical
of these product types. They will require suppog evidence that the approach being undertaken is not
high cost and risk with little returnThe framework developed in the research is a good example of
evidence which can be used to provide support to the senior management team of why PLM is important
and how benefits can be realised and risks mitigated.

B.23stated that they can us¢he approachundertakenby similar programmesuch as Type 26 and $hi
wassupported byB.27who explaired that learninggood practicefrom acrossndustry will aid their PLM
implementation.The success of the GCS export programme provides evidence of PLM practices which
have provided value to industry.

The crossndustry benchmarking ad LFE is aimportant enabler to gain the support of theenior
management team. If thenanagement teanbelievethat their PLM approach is based on learning from
acrosdndustry, then this will provide confidence tinem that the risk of a failed PLM impteentation on
their programmeuwill be reducedThe implementation of PLM on ETO produsta costly and complex
projectand, without the support of the senior management teairwill be difficult to receive the support
from the rest of the stakeholderst Will also be difficult when the PLM implementation inevitably
encounters challenges which regeibusiness focus to overcomki.is also important that once senior
management have had btig, that this sponsorshipis maintained throughout the lifecyclef ahe
programme

7.6.3.2 Develop and implement a comprehensive business change initiative on
PLM

It is important that all thekey stakeholders in the PLM implementation understand why the project is
being undertakenwhat they are required to do to support éndto ensure that they are fully engaged
and have a stake in its succe$e.achieve this objective a comprehensive business change management
initiative is required to be developed, implemented and maintained as part of the core culture of the
organisation.

B.6 stated that an improvement she requires in the PLM environment in otdemeet the business
objectives is to developthe cultural elementsincludingthe skillsand awareness of the importance of
information. This was supported blgoth B.4 and B.17who stated that business change management
would be an improvement they would make to their PLM environm&he businesshange initiative will
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assist with overcoming the people challenggsunderstanding PLM value and the importance of their
input as discussed in Section®.3.1and7.5.3.3

B.8statedthat a weakness itheir PLM implementatiothat requires improving is withriefingthe wider
programme team on thdenefitsandthe necessitieof what thebusinesds doing with PLM. Hadded
that he believesthat the senior management havéought irto their PLM implementation but he is not
alwaysconvincedthat those who interact with PLM on a day to day basisderstand He questions
whether they see the PLM approach asuadenand that if they understood the big piate, they would
seeit is worthwhile. B.Z7 stated that in his businesshe had difficulty withensuringthat the senior
managementeam understood the complexity of the PLbhallenge andthat hisexperiencesthat the
seniormanagement team just want it done. Helded that it is necessaty be clearupfront as towhat

is being undertakenThe senior management team must therefore not only understand the value of PLM
to gain their support, but they must also bemmunicated as to the level of effort and resources required
to support the implementation.

B.1explaired the importance of the programme stakeholdanaderstandingthe benefits of PLM and
what is in it for tem. He questioed whether people understand the benefits of their PLM
implementation andhe improvementsit will generate for the programme downstream in the lifecycle.
0 alsodiscussedhe importanceof peode issues witlimprovingthe PLM environment. éldescribe how

it was possible tdvave a great systenbut without buy-in, then there will bechallengesB.11stated that

an approach tmvercomechallengesvith PLM implementation is to hava@dedicatedbusiness change
manager. Hexplainedthat, initially, he wasscepticalbut that he nowseesthe businesdenefitsthis
brings. Headdedthat the business change manag@ovidesengagementndtested understandingand
resistancdevelsof the stakeholdersn the businesdHe alsalescribechow the business change manager
identified intervention areas to bring people on thehangejourney and focussedinteractionsin these
areas.

Not all ETO programmes with Pliviplementations haveéhad the same positive results with business
change management &@.11 The experience dB.23was that when they had cost issues and had to
reduce the personnel involved in the Plitplementation, the business change initiative was targetsd

it was seen as low valughe resultwasthat those people who the change initiativeastargeting then
alsosee it as low value, impacting the success of the Pementation Hestatedthat he would put

more effort into organisational change and ensure that they have the necessary resources to support the
change initiative B.8 explainedthat when implementingmprovementsto the PLM environment it is
important to sellthe benefitsof PLM to those at the front end of tHdecycle He explainedthat this is
difficult as those who reap the rewards aséien downstream, such as with manufacturing, and that it
can be seen as a burden unless they understand the impoe.

B.2 stated that with their PLM implementation they have changedbeing much more information
centric than previous programmesand addedi K I (0  LJS 2uniferStanRigaytliey have to work
differently. In previous pragmmesit was CAD model centric and thats wherepeople looked for the
master data.He explaied that it is now PDMecentric and the information is structured differently,
including the materials used for manufacturirgi24mentionedthat it is necessaryo inspire levelf
ownership within the team@&nd commentedthat on some occasionghen in maturity management
meetingshe feels that people dmot care enoughabout the importance of maturity informatianHe
stated that it is necessario inspire not just individuals butholeteams.

If project personnel have not understood the importance of maturity managentbanh this presents a
risk to the programmeo not onlythe criticality of maturity to manage the complexity of thepgramme
but alsofor understanding and adhering to the programme schedule and cost commitmBri§.
suggestd that the way to win the hearts and minds of the stakeholders is to use success Sidrikss
B.6advisedinvestigating the current culture and the level of understandingnfdrmationand technical
level. This would allow for dargeted change management approach focuson the areasthat are
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required to support the PLM implementatioB.15commentedthat overcoming difficulties with PLM
implementation would be enabled by a top down and bottom up business change appfiratly.the
management team should beonvincedit is theright thing to dq and secadly a bottom up approach
should be undertaken. Hatated that, in his experiencgpeople have lesgesistancgo changewhen you
have their buyin andthey canthen create pressure from thbottom upto contribute to the changerhis

he believeswill helpto convince the majority of stakeholderde explainedthat they areattemptingto
usenew mobile technology into the manufacturing environment to assist in improving the quality of the
asbuilt BoM. He explainedthat this willimprove quality as all theelevant dataare inputted into the

PDM system in thenanufacturingenvironmentand believes that this iwhere the business should be
targeting.This approach to improved build completion activities based on PLM information was identified
as a requiremenin the Type 26 case study as discussegeation5.9.

Promoting business change management from the bottom up was also raisB®bgs an important
enabler to overcome the challenges with PLfpiementation. He explained that change agents are
important and that they can be used to articulate the benefits to the business and the indiviBukds.
also supported business change management as a key enabler to sut&ddgdfimplementation. He
stated that the change should demonstrate the cost and the benefits to allow people to understand that
the improvements will be realised on the programme.

There is a risk that the benefits of PLM introduced throughout the lifeayicthe ETO programme could
be impacted ithe stakeholders do not fully support the concelftthe manufacturing personnel do not
embrace PLM and undertake the activities required to capture the build statusstghe engineering
information then the management teamcannot determine whether the huge volumes of artefacts
managed through the design phakave beeninstalled correctly. If not undertakenthis will result in
significant investigation activities to ensure the build is completed to spetiifiggrior to inservice and
handover to the customer.

7.6.3.3 Develop and implement a cross functional PLM education approach
embedded within the core business training programmes, emphasising
core values and objectives

EmbeddingPLM education as part of the mobusinessraining programme willassistwith ensuring that
the personnelunderstandwhy PLM is importantit will also enable the stakeholders tioderstand how
it must be used and what pathey play in ensuring its succe§dis will assist with oveoming the
adoption challenges identified in Secti@rb.3.1

B.1lexplained the importanc®f educationin improving the PLMapproachand describedhe steep
learning curve for people when theyiustlearn a new approacfrom somethingthey may have been
doingdifferently for over a decadeNew programme personnel may transfer frather ETO programnee
where they may have been performiagimilar roleover the lifetime of the design and build program
using different PLM processes and technologlgissustained duration of work commitmemesults in
individuals possessing a clear and wagfined understanding of the PLM approach on the previous
programme, which may iffer significantly from the neweETO programme PLM approach. These
differencesaredue toindustry PLMapproachesadvancingover the duration of the previous programme,
which can only bé&ully leveraged at the start of a new programnieéhis resultén the businessntroducing
improved PLMbased on LFhich will affect the information management approach, processes and
technology Attention mustthereforebe paid toensuringthat new programmepersonnelunderstancthe
differencesin the newPLM implementationB.11statedthat if appropriateeducation isnot undertaken
then the personnel may operate in the PLM environment incorrectly andqdssptimal practiceon to
other colleaguesB.27agreed witheducation as an erder to improvements with PLM. éexplairedthat

it is his intention to ensure that those who have a stak®limMunderstand the importance of doing it
right from the beginning and that training can help with improving the processes and technology
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expertise.B.16expressedcaution that when he first joined the ETO programnfe was given a good
understanding of thémportanceof maturity managementut the programmehen started to dilute the
approach and questionedhe impact that ths will have on the build programmiewas concerned that
there is a danger thathe management teanwill convince themselves that the diluted approach to
maturity management viimeet the business objectivgsut they will end up with aegativeimpact hter

in the lifecycle as the new approach is not what they originally set out to achieve.

Therefore a PLMeducation programme explaining businessbjectives information management,
processes and technology must persisbughoutthe lifecycleof the programme and not allow itself to
be diluted if problemsarise with cost and schedule challenges. Hueication approach should be
adaptableto meet emergent needbut these should not conflict with the business objectives of PLM.
B.22stated that technology should not be the priority of improving PLM, but rather people and processes
require focus to meet business objectives and customer requiremdnigroving the skills of the
programme personnel is important and that some peopik understand PLM more than others and that
there should be an approach to ensure there is an explicit undedstgrof PLM within the business. In
addition, it should also be linked with business chamgenagemento ensure the behavioural aspects
areaddressed. He also describhat when implementing an education approach it should be tailored to
ensure that those involved are given the appropriate level of understanding reqitessiddedthat the
business shoulddentify those who can be taken to kigher level ofknowledgeand focusadditional
training for them as thee could be the new PLM leadeBs4alsoraisededucation as an improvement
he wauld make to his PLM environment. This is consistent ®iftBwho statedthat they need to pend
more time educating people on what is expected, where it is and how to accébwsits again confounded
by their PLM approacheingdifferent from other ET@rogrammesn hisbusinessand people needad be
able to operate in the environment correctly.

B.17raisedthe importanceof the persistence oknowledge within product development as when people
retire their knowledge is lost. Haso statedhat the more complicated th product isthe more difficult

it is to make decisions due to the interdependencies inmitthe product developmentifecycle He
cautionedthat, when improvirg PLM and leveraging knowledgenovation should not behampered.
Therefore while educationto improve knowledge skills and culturés important, the rules associated

with effective PLM should not constrain the innovation proceé®4 describedcommunication and
training as improvements they would make to their PLM immment Moving from a traditional
documentbased approach to one which is datacentric is not insignificant and should not be
underestimated as it is a significant change for peopl& LINRE GARSR |y SEI YLX S 27
traditional training pogramme for engineers does not cover PLM which means that the engineers do not
support his requirements-He explaied that the businesssiill equipping engineers to work within his
programme. He explainedthat engineersmust understand therelationship between maturity and
programme management in order tmrrectly managéhe productdevelopment. Heontinued by stating

that there aredisconnectsacrossthe functions in the business such as between supply chain and
engineeringPLM is seen dseingorgani®d by engineering angderceived as being engineerkegntric

but it must be crosgunctional and that an integration and understanding of the needs of each function
within the PLM environment must be managed.

B.16identified improvementsthat must be made to the wayhat the business functions within the
programme work togethemcludinghow the desigrprovidedby engineeing integrates with the supply
chain.B.26describel how they engaged with smal partners in their ETO programme to help them
understand and comply with their PLM approach and to assist with their integration into the programme.
Educating the stakeholders in the use of PLihjgortant in meetingthe objectives of the programme.
Stakeholders, including the suppliers, must understand the implications of information that they either
provide or consumeRPLMtraining shouldbe embeddedwithin the core business education programme
acrossall of its functions and stakeholdersin the exterded enterprise and shouldnot be seen a
standalone environment for engineers.The training mustensure that PLMsupports the business
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objectives of the ETO produttprogramme personnel do not have PLM knowledgeeh as the approach

to managing maturit, then theycannotbe expected to ensure that they understand the impact of the
information they provide on the overall integration of the design and its relationship to the programme
schedule.

B.24 also raised the importance of education in moving fronmraditional environmentswhere CAD
information wasthe focus to onavhich isproduct datacentric. Heprovidedan example of a current ETO
programme which has been progressor decades where drawings were the main produceéatts for

the product development and buildHe statedthat people need to understand data amdhy its quality

is so important. He explagd that if people understood the consequences of their informatibrvould
encourage them to improvéenformation quality. B.10provided an example from his ETO programme
where his colleagues do not understand the information architecture and that if this was addressed it
would improve the success of PLhis headded A Y LJ- OG & Uit wdtless@rid artd dvdrk with

the PLM system.

B.12 stated how they introduced a new approacfor engineering tosupport the manufacturing
requirementshoweverit was difficult to explaimnd transitionto support thisinitiative as they were used

to do something different. Hexplainedthat it is important that the needs of the variogsakeholders

are understoodand that this ignstitutionalisedwithin the businessHe stated thatto overcome these
difficulties it is necessary tatrain and coach people on the consequences of their actions, their cause and
effect. Heprovidedan example of someone designing equipment into the CAD model and how they
should be considering how thisowld be installed, e.gensuring thereis enoughspaceto allow access

for its installation.B.18alsocommented orthe importanceof education and how helping engineering to
understand what the consequencestheir actions areSheembellished this statinthat there needs to

be educationon what the effects are of actions and their impact to the ovgsedgramme. 8e cavean
example of a desion which had a big impact oneight even when there has been documentation to
explain what the weighgjuidelinesare.

When dereloping andmplementinga PLM education approach it must cover all of tequirements of
the various sti&eholders within the ETQIPD Each of thébusinesgunctions suchas engineeringsupply
chain, manufacturing and programme management will haveedfit objectives which are required to
be supported by PLNMhese requirements should leenbeddedwithin the education programme for the
business toensurethat those required toprovide the necessary suppounderstand clearlywhat is
required and why itis important. Due to the size and complexity of ETO programntigs will be a
challenging endeavour which will require the nssary funding from the businesst only to create the
education framework, material and trainerSut also to ensure that the emy personnel involved are
given the necessary time off thesther commitmentsto undertake the training and gain the necessary
knowledge.

B.8describedhat, due to the londifecycleof ETO productst can be difficult fopersonnelto be able to

track andunderstandhe value of PLMnN larger projectshan it would be on smaller projectbe believed

that there isan educational element to thisand added thatlarge ETO businesses find it difficult to
communicate to theeams due to their sizea problem which is less apparent in small organisations.
{YFffSNI 2NBIFYyAal GA2yada FAYR AdG SFAASNI (2 ,dBARSNEGI Y
the size of ETO programméss difficult to share knowledge and banp of a single teant-Hecommented

that his ETONPDis, by far, the most siled environment he has worked in, evéor thosewithin the same
building.Exampleswere provided byB.8of variousdisciplineswithin engineeringvho work within their

own teams and do not interacivell, and that there is dHeads dow@attitude, one which should be

changed to where th@ersonnelare sharingtheir experiencs.

The education of thpersonnelmust include the benefits of PLM and whysitmportant, evenif some of
these will not be realised for many yeafsr examplewithin the manufacturing phase which could be a
decadeafter the programmeahnitiation. B.11raised thepointthat an improved understanding LM will
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help people toovercome perceived difficulties and limitatismvith PLM, which will help to address the
pursuit ofsub optimal approache8.13madel(i KS LJ2 A y (i  @dGipthieir pragi@rameaessoneli

to work effectivelywith PLM statingthat people often see PLM as technology but that it must include
policy, process and peopléhe education programmshould thereforenot be exclusively technology
centric but mst include all aspects of PLMig should includéhe businesgolices and peopland how

the technology enables these aspects.

B.5 describedthe importance of understandingthe developingmaturity of the product and that this
includesthe desigrmsystemssupplier informatiorand the cost modeHeexplainedthat this is important

in not onlyunderstandng the current status of the programme but algobiddingfor the next phase of
the work. Due to the size of ETO programmes, funding is often released sporadically througihgagre
phased contracts between the customer and the delivery busingssunderstanding of programme
status willassist in helping to develop the bid for the next phateork andagreeng cost, schdule and
risk. It will alsamprovethe relationship andconfidence othe customer.Anunderstandingof all of the
information which relates to the programme status is important. This will be enabled through an
educationprogramme which covers glfoductinformation in theprogrammeacrossall of thebusiness
functions including engineering, supply chain, programme management;sdrvice support,
manufacturing planning, enufacturingand IM&T.

7.6.3.4 Develop PLM objectives, education approach and support to the business
using suitable expertise within a dedicated cross functional team

Thissectionexplains the importancef having a central team responsible for developing PLM objectives
and how these relate to the overall business objectilteslsodescribeow this central team will provide
education and supportd the stakeholders.

The development of the PLM objectives and thgproach toeducating the stakeholders on these
objectives is required. Ongoing PLM support to the stakeholders is also required to ensure they have the
necessary guidance to deliver the etiives. As the stakeholders will be from various business functions
the PLM delivery team should represent these functions.

B.6 explained that objectives must be made clear to the programme aedch & (I { SK2f RSN
accountabilites must be understoodThe PLMeam will enable thedevelopmentand integration of
businessobjectivesas well as defininpow PLM will support theirealisation B.25describedhow his

business hasecognisedhe need for cetralisation of keycapabilitiesacrosghe business wittmembers

from theseareas beingembeddedin the programmes. Hstated that this assists with thatilisation of

key resources with merfocus on business vahaeldingactivities and wouldenable thecrossfunctional
PLMexpertiseto be managed centrallyand cascadehe PLM approacho the ETQorogrammes. It will
alsoassistwith the utilisation ofthe scace PLMSQERvhich isdifficult to recruit from otherindustries

due to the uniqueness oETO prducts processes and information approaches compmhte other

products

B.7describedhow ETO products can have ayEar design and build programme whigleansthey can

be a business withima business. Thughere is a need tarive processe®ut across all the programmes
and not just a single one. Hplaired that the businessieedsto be set up to support this and it will
enablea standardised approadcrossall the programmed0 statedthat standardising trainingcross all
programmeswill assist with ensuring that LFE is driven acros$tignessncludingleveraging previous
investment. Adedicated teamwould address the concerns raised Byl4on using resourcethat have
other responsibilities in the programmas they would be within the PLM team management structure
B.8statedthat his experience of a central PLM team has been postive that the level ofacilitation
this hasprovided in delivering PLMhas been better than any he hagperienced Heexplainedthat if
you took this team awaythen there would be aimpactin the success of the PLM approach due to the
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challenge®f largescaleprojects. Thi®¥LMteam will also veresponsibilityfor thoseenablingactivities
related to information, process and technolodgscribedn Section?.6.

7.6.4 Technology enablers

This section describes those enablers relatingetthnologyfor the implementation &6 PLM on ETO
products. These have been synthesised from the interview responses through thematic analysis which
enabled subsections to be created. These enablers indbdddentification and implementation of
configurable PLM toolsets with minimal custisation Driving theintegration of information through
toolset rationalisatiorwas another technology enabler. Also identified was focusintset development

on business objectivepriorities andease of use to reduce complexity of process&sother echnology
enabler was the implementation dff architecture improvements to support new PLM capabdity

ensure toolset performancé he technology enablers are illustratedrigure36.

Enablers

+ Identify and implement configurable
PLM toelsets with minimal
customisation.

+ Driveintegration andinformation
throughtoolsetrationalisation.

* Focusontoolset development on
business objectives, priorities and ease
of use to reduce complexity of
technology and processes.

+ Implement ITarchitecture
improvementstosuppeort new PLIM
capability and ensure toolset
performance,

Technology

Figure36 Technology enablers

7.6.4.1 Identify and implement configurable PLM technology with minimal
customisation.

The challenge of ensuring that PLM technology can suppertong life of ETO NPD was discussed in
Section7.5.4.1 Ensuring that technology customisation is kept to a minimum is an important enabler to
overcome this challengd3.2 describedhow they learned from a previous Ep@bogrammewhich had
highly customised technology and becamdidiifit to support. They have noinplementedtechnology
which is thefoundation fortheir programmeand are COTS&pplicationswhich havebeen configured to
meet the needs of the programme arm@vesignificantly less customisatiom addition, he addedhat

the lesson they learnedasto go with COT$roducts and that this allowthem to easily upgrade and
keep the versions of the software current with the latest releases by the venderalscexplainedhow
these COTS toolsets have interfaces between @AM and ERP. Thereforelack of customisation
allows forexploitationof out of the boxcapabilityfor integratingthe PLM systems, making them more
robust and easierto support. In contrast to this,B.11 stated that their FDM systens are heavily
customised haveapproxmately 20 interfacesand as a resulare not effective andmakethe use of the
toolsetsvery difficult.

Customised software is difficult to upgrade as the vendors cannot use standardised upgrade
methodologiedue to the differences in the software compared to those which arecustomised. This
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results in expensive investigations and bespoke developments specifically to enable the upgrading of
these complicated PLM technologi@s11statedthe importanceof not customising the PLM technology

to ensure itmaintainssupportabilityand that when the softwareendorbrings out a new version they
canquicklymove to that.B.23agreed with thisstating that on theirprogramme they aremovingfrom a

highly customised environment to that of one which is COTStafedthat this is taking yearand they

still cannot respond adequately to the emergent technology needs of the busthesso the level of
custamisationand the resources applied to this proje&.20alsocommentedthat they have elements

of customisation within their technology but there is a drive to use &93tems.

B.3wasconcerred that attempting to meet PLM objectives could result in customisatimweverB.19
commentedthat the PLM technology used in ETO products must be flexible to cope with business
objectives. Haddedthat there should be PLM capitity to manage the understood requirements of the
programme, such as managing tBeM, but it has to address new requirements to meet the emergent
needs of the programme. Hasedthe example ofan ERP system to improve the managemenbuoild
completion ativitiesto illustrate this and suggestethat technology must be able to adapt to new ways

of working which have yet to be thought dfhe Type 26 case study describe®gtion 5.9 discussed

how the PLM technology was cagiired to support build completion activitiesing master data from

the BoM.

Hestatedthat technology configurations shoulie managed within the business so that they do not have
to go to the software vendors every time a new requirementssuedHe stated that the technology
delivery team required more trainifgom when the programme startetb ensure they can configure the
software to meet business requirementdf the approach of usingn inhouse team to configure the
software is to be effectivghen this team must have the capabilities to understand what the software
can achieve and how it can be adapted to meet emergent business requirenBeR#highlightedthe
importance of engaging with the software vendor wiklf to ensure that the tehnology is used
appropriately. However heaisedthe concern of funding for using vendor personal for programme
activities.B.17alsostatedthe importance of having technologlgat is flexibleand providedthe example

of product change management which must wefikectivelyto support the needs of th@rogramme.
Ensuring that configurable COTS software is selected for PLM programmes will assist with the reduction
of customisation and also will explaiew business requirements such as those described in the Type 26
case study in Sectidh

7.6.4.2 Drive integration of information through technology rationalisation.

Information integration isan objectiveof PLM on ET@roductsas dscussed in Section.4.1.1 PLM
technologytoolset rationalisationcan assist with information integratioasit discourage duplicate or
disparateinformation due to them beingnanagedin different toolses. An improvementproposed by
B.11to their PLM environment would be wimplifyit through rationalisation of toolsetsas they have
number whose functionality could be undertaken by a single PDM syét¢iney moved to a new PDM
system he bdieved thatthey could retire 12 out of 20 PLkolsets This would alsoreduce manual
interaction on the information and toolset maintenan@ndforecasedan associatedesource reduction
by utilising the functionality of a core PDM system.

B.26statedthat in an ETO programmke experienced customer paying multiple times for information
changes due to it being in different systeiausd believedthat a single point of truth is the key which
should include the design and-servicesupport information B.4commentedthat they are implementing
new PLMtechnology toprovidea more integrated environmenpart of which involvedemoving legacy
toolsets and replacing them with a PDM and ERP syst#ieraxplainedthat this will reduce risk as there
are a number ofegacytoolsthat are not well understood by the business.

Whilst the problemsthat O had experienced on previous ETO programmes were due to unintegrated
systemsthe current programmewith which he is involved has improved technology integratammoss
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the CAD, PDM and ERplicationswhich is eliminating manual translation of information and is
improving data integrityThe requirement from the Type 26 case stugrovides an example of this
approach as discussed@ections.4.

B.14 highlightedthe importance ofintegration between the PLM systems arakplainsthat they are
endeavouring to improve thategrationof the key business information. The rationalisation of toolsets
across the ETO programme will enable information to be managed in fewer systems which will improve
its quality and managemenB.7 stated that an improvenent he would make to his PLM environment
would be to standardise the toolsets as this will drive consistentyeiway people behave and also will
assisin eliminatingvariationerrors.ArationalisedPLM system of systems will also reduce the complexity
of the interfaces required to support the programnihis isdue to thehigher number otoolsets in the
PLM environment anthe greater need there is for passing information across the interfaces, which will
lead to greater maintenance of the informationcluding resolvingnformation alignment and quality
issues supporting the data quality and governance enabler in Secti®ri.3 The rationalisation will also
have the benefit of reducing the lifecycle and maintenanceso$the legacy toolsets and will enable a
reduction in the IT architecture required to support these systems.

7.6.4.3 Focus toolset development on business objectives, priorities and ease of
use to reduce complexity of technology and processes.

PLM toolset develomentshould focusn business objectives arik prioritisedaccordinglyPLM toolset
developmentshouldbe managed to support a reduction complexity not only in the technology but in

the processes it enablehe importance of easy to use PLM toolsetas highlighted byB.3 who
commentedthat while they have been focusing on PLM system integration they also have to be aware
that it has to beuseable.As discussed in Sectioh6.4.2 a reduction n the number of software
applications used in the PLM environment has been identified as an enabler for improving the
implementation of PLM by encouraging information integration, as the disparate sources of data are
reduced. The core applications suchG&D, PDM and ERP are configured to replace the legacy toolsets
and out of the box (OOTB) functionality from COTS applications must be used to ensure these toolsets are
not customisedThe OOTB functionality should also be used for the interfaces acrossreéhapplication
suiteto ensure that the PLM System interfaces are supported by the software providers

The reduction in the technology footprint in the business and the transfer of the functionality onto a
reduced number of toolsets, such as CAD, PDMERP, will result in the information managed in these
toolset increasing and the interfaces becoming mooenplicated. Thisnayimpactthe ease of use and
efficientmaintenance of theechnology and its informatiarMechanisms must be placeto ensure hat

the priorities of the business such as technology and information integration are prioritised but also that
the softwareapplicationsdo not becomeunusable This dichotomythat simplesystems are noalways
achievablewas explained b¥.1Q as the toolsets haveo be complicatedenough to meet the needs of

the businessTherefore the development and implementation of the new capability must be carefully
managed ifthe capability isto achievethe balance betweerthe business objectivesusability of the
toolsets maintainingsimplicity and managintpe technology priorities

B.3 stated that they should actively investigate how thechnology isused andits ease of useHe
explainedthat he getsfeedback fromengineers thatwhile working in the PLMoftware applications,
they spent a lot of time doing what they see as administration tasks, as opposed to undgrtaken
engineering activities. ¢istated that they should make the applications neouser friendly from an
SY3aAySSNRa LAy litiseasy t&puthirmatigrairdrid Jo gel it olit ke siiggestedhat
a way of achieving this could be through survelysser groupsnto the technology improvements which
will provide the geatest impactput this can be anecdotal and takese.

B.19 describedthe importance of managing workflows effectivelgd B.2 stated that they were able to
configure their technology to make it easier to use and providedxample of electronic workflow
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simplification.Ensuring that the toolsets does not become overly complicated requires an understanding
that technology should not replicate the complexity of ETO NPD, but support it. The example of the
workflow simplificatbn provides an illustration of technology supporting the proesswithout
replicating it.

Technology should be scalable depéamglon the programme objectives highlighted b¥8.13who added
that some programmes which are ofager size and complexity may requiezhnologywhich has more
functionalitythan smaller programmesincethe PLMtechnology solution for one ETO programme may
not be appropriate for another, understanding the objectivpgprities and constraintsare important.
These constraintmay be with the budget, schedule or the number of resources in the programme.
improved understanding of business priorities and scope will enablénfieemation Management and
Technology (IM&Tieam to focus their resougs to deliver appropriate technology solutions.

7.6.4.4 Implement IT architecture improvements to support new PLM capability
and ensure toolset performance

It is important that the IT architecture whickenablesthe businessobjectives includingnew processes
and information managementpolicies will provide adequatefunctionality and ensure technology
performance.There will behe larger volumes of data in the core applications due to system integration
and the resultant reduction in the IT footprias discusseth Section7.6.4.2 The requirement for any
PLM environment to have a robust and flexible IT infrastructure was propos&I13yThis point was
also considered b¥.19who explaired that there is constant IT rahitectural change andtated the
importance of keeping up to date as people doot see thebenefituntil it is not there.B.19addedthat
the senior management team need to wrdtand what thetechnologyarchitecture isand how it benefits
the businessbut creating a simple diagram which they can understand is diffidakxplainedthat there
are new techniques in IT such as the cloud and virtualisation technologies but theéymepdate their
toolsets quicker thathey haveever done before to respond to ttemergentbusinessequirements He
providedan example where a PDM system upgrauloject wouldypicallytake eightto ninemonths but
they now need to do it ithree months to respond to the business objectives.

Introducing new capability quickly to meet the emergeatjuirementsof ETO programmes mecessary
to ensure that the product developmenifecycle is not impacted. A reduction the amount of

customisationasdiscussed in Section6.4.1will contribute but there is alsoa need to implement new
capabilityquicker than ever beforand the integration of the PLM systems adds another complexity.

B.19explanedthat, as the CAD and PDM systems elgselyintegrated it was not possible taipgrade

one application in isolation; both have to be upgraded in parallel. This adds additional complications to
the IM&T departments who are responsible for the applioas and the underlying Erchitecture. More
efficient practices for upgrading and introducing new capability to meet the needs of the business are
required.

Aiming to fragment testing as they develop new capability in order to improve the time taten
implement into the programmevas highlighted b¥8.19 but he addedsometimes this is not possibléhe
translaion of business knowledgeto requirements for the softwareapabilitywas discussed bB.4
using the agile scrum software engineering methodology to allow the requirements owners to see the
evolution of the developments. Haatedthat it works well as it gives the business early insight into what
the changes are andhat it does before goiglive. Thisnitigates the risk of not meeting the requirements
and nonacceptance, whiclin turn canresultin further delays to the new capability introduction. He
explainedthat the scrum approach also assists with the business change as it helps émgégsiness
early on and gains buy before the implementation of theew capabilityThiswas stated as beingyitical

as these systems are liand manageyears of dataso there is a resultant large volume of data which
requires migrating into the newystem.The importance of testing the interfacesasraised byB.2who
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describedhat, as the CAD and PDM applications waifferently; they keep finding mblems that require
addressing.

Therefore approaches to quicklgnd dfectively introduce new capability required to meet ETO
programme requirements is important, as the product development process cannot be delayed to allow
major IT upgrades. It is also important that the riskaofure ofthese implementatios is minimi®d as

any impact in the PLM environment will have a significant impact on the programme.

IT investment requires significant funding from theasinessand, if it is inadequate the technology
environment will not be able to support the PLbbjectiveswhich will impact the ETO product
development, the programme andiltimately, the business and customer. Securing this investment is
necessary as is ensuring that it is enhanced as larger and larger volumes of data and user interactions are
experienced throughouthe ETO lifecyclelhis is supported bf3.13who statedthat a lot of time and
effort must be put into the IT toolsets and interfaces as the user community will get frustrated ifst doe
not work, and if itfails, people willbe up in armsn fiveminutes Heexplainedthat the technology isiow
further up Maslov ierarchy of needwithin an ETO programme conteXiue to the importance of PLM
technology in ETO programmefsthe applications become nefunctioning or poorlyperforming then

this this will have an enormous impact on the ETO progra@roest and scheduldhis risk is gater

with more information in fewer PLM toolsets and a greater complexity in the interfaces between these
systems.

7.7 Summary

This section descréa the development of the framewottk provide guidancéor the implementation of

PLM on ETO product¥he thematic analysis of setiructured interviews using codes and themes
identified through transcribed interview key points in th&/ivosoftwaretool wasthe primary approach

for creating the framewaork. This was supported by literature where appropriate. The interview questions
related to objectives, challenges and enablers widentified andused to create the framework.

The codes and themes devekap in NVivo enabled the grouping of interview responses allowing the
related key points from the interviews to be described. To provide an audit trail to support the
truthfulness of the findings, each key point was referenced to the transcribed respondeséx B. The
preparatory work to transcribe the key points, as well as the import and subsequent analysis in NVivo
took considerable effortThe results of this preparation supported the development of the findings in
Section 7 as each theme and relatkely points could be easily identified and described. Due to the
substantial information provided through the key points from the interviews, and its importance in
developing the frameworkSection? is the most extensive in the thesis.

The frameworkthemes are grouped based on whether the interview question related to an objective,
challenge ornabler This was to ensure that the context and structure of the framework was easy to
understand. A further enhancement to the framework structure was identifimeugh the use of

Enterprise Architecture. EA is a wedlstablished methodology to improve the creation of information to

describe the strategy, objectives, processes and technology of a business. It also supports the transition
FNRBY -A¥QUWEbB Ql SWARNRYYSY(l o0& AYLNRB@GAY3I GKS dzy RSNE!
therefore aiding in the business change activity. EA influenced the groupiing themesto improve the

structure and understanding of the framework. Timsluded the objectives, ballenges and enablers
containedwithin information, people, process and technology.

Each of the themes in the framework was described in detail and related to information, process, people
and technology. These themes were used assediions within thenain section of objectives, challenges
and enablers.

The next section describes the framework evaluation approach and findings.
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8 Evaluation and Validation

Evaluationreflects the judgement or calculaion of the quality, importance, amount, or value of
something [15]. Validation provides proof that something is corraghich in this context is that the
framework contains the necessary elements for the implementation and successful use of PLM on ETO
products[15]. Borrego et al. stateth relation tothe aim of evaluation in qualitative searcn Wit KS 32 | €
to establish that the results provide convincing evidence sufficientyidiad SNJ G KS NB &S| NOK
[143]. Section7 described the development of the framework for the implementation of PLM on ETO
products. This chapter presents an evaluation of the framework which was undertaken using the following
stages

1. Preliminary evaluation through the presentation of tieamework for initial feedback on
structure and contentThis was to gaugmitial reaction to thestructure of the framework to
ensure it was easilynderstandable

2. Main evaluationand validationthrough the presentation of the framework to selected
participants followed by a questionnairelhe questionnairecontained statements to evaluate
and validatehe frameworkquality, structure andversatility.

3. Theindustrial applicationof the content of the framework in an ETO produ€his section
describes hwr the themesidentified in the framework were used evelopthe PLM approach
in BAE Systems Naval Ships.

Each of these will be discussed in the following sections

8.1 Preliminary evaluation of framework structure

Threepresentations were undertaken to cape initial feedback on the structure of the framewdxk
assesdts ease of understanding and coherent layolihepresentationslides(Appendix Awere used to
describe the research to provide context, follasviey an overview of the framework developed from the
thematic analysis as described in SectibnAs explained in Section2, each of the themes were
structured around people, processinformation and technologyusing objectives, challenges and the
enablers. A first draft of the framewo(Rppendix Dwas presented to the participants.

The first presentation took place on"281ay 2017 with twaparticiparts with a significant interest iRLM
implementation on ETO products from BAE Systems Naval Stipse twoparticipants had not
previously been interviewedt any stagédut were aware of the researciThis approach was chosen to
capture feedback fronparticipants who were not involved with the research to gauge the content,
structure and ease of understanding of the framework. The feedback was positive and both confirmed
that they believed the framework would be of significant benefit to the implementatbPLM on ETO
products. They questioned why the researcher had not established a relationship between each of the
themes on the frameworko more easilyunderstandhow an enabler could overcome a specific challenge

to meet an objectiveThe researcher deribed the feedback from the interview responsesdescribed

in Section7.2 that the framework is required to be flexible and scalabl&ée researcher added that
specifyingrelationships between théhemes may lead the guidancéo follow specific routes and
constrainits ability to be dynamic to meet various business objectivie®ey agreed that this would be
necessary due to different programmes having different objectives and challefhgexample is where

an ETQorganisationis planning a PLM implementation where there are significant budgestraints

such as the UK Type 31 which is designed to be a less complex ship compared to the Types28so
important to enable flexibility due to the emergent challenges in pidducts, for example there are
programmes which require greater focus on people but may have a mature PLM technology architecture.
The researcher stated that there was potential for future research to identify how they could be aligned
but with flexibilty maintained. This has been captured in the further research in Se2tidimey also

161



highlighted that theyagreed that! Sy I 6 f SNEQ 62dzf R 6S | 0SGGSNI RSEONXI
due to the themes describing how PLéduld be implemented¢ KS& o0 St A S@SPettéarkK | i WS
described that the themes were required to support the successful implementation of PLM on ETO
products.

The second presentatidook place on the 28th May 201vith a participantwho has aignifcant interest

in PLM implementation on ETO produéitsm BAE Systems Naval Shipisisparticipanthad previously

been interviewed This enabled feedback from someone who understood the research aims and
objectives and contributed to the findings. The f@pant stated that the themes and the framework
structure were extremely valuable and would provide significant benefits to PLM implementation on ETO
products.lt was addedi K & G KS WSyl 6f SNEQ ¢ S N dedefofméntznew, & (G KSe@
more skilful, talented and technologically aware generation afieeers in the busines¥he participant
describeda desireto take the framework from inventive to exploitation and utilise it in an industrial
capacity It was additionallysuggested that therfmework and the background detail could be integrated
electronically to aid understandinga themecould be selecte@dnd thestakeholderpresented with the
relevant underlying information. The researcher agreed and stated that this would be an opppfamit
further research as stated in Sectit6.9.

The finalpresentation and discussion of the framewaidok place on the7" June 2017with one
participant with a significant interest in PLM implementation on ETO produlis participant had
previously beernterviewedbut was from an export customerhe feedbacklicitedwas that the findings
and the framework would provide significant benefits to their company and that it would steer the
direction of their PLM strategyt was opinedthat the framework provided a great presentation of the
summary of the resultsand arequestwas made foa document which described the overall research as
this would help communicate this new approach to his business. The researcher explainbe would
providean academic papepreferablyin a peefreviewed journalon the conclusion of theesearch.

8.2 Main evaluation and validation of framework

Following the preliminary evaluatipra questionnaire wasised as the main evaluation approadb
capture the opinion of the senior stakeholders in ETO products who have an interest in the successful
implementation of PLM. The questionnaire contdnstatements, which according to the Cambridge
dictionary are actionsused to express an opiniofl5]. A questionnaire was chosen to focus the
participants on the famework quality, structure and versatility using the statements showirainiel3,

the rationale for these statements is described in the following secti®esistructuredinterviews were
considered however it waglecidedthat they may result in conversatiorthat were not related to the
framework evaluationand were therefore not pursued. The questionnaire enabled focused statements
to be answered by the participants relating the evaluation objectives of the framewitihkut the time
necessary fostructuredinterviews

8.2.1 Development of the questionnaire structure

Section 6.2 described the interview questiarsed to develop the frameworknd why they were chosen.
Q13 was created to address the following:

Wv mWould a framewok assist with the transition fromdstothetocd S AT &2 K2gKQ

This question aimed timvestigatehow a framework conveying the results of the research would assist in
the implementation of PLM. Was also intended to capture the ways in which the feamork would assist
andinvestigateany potential enhancements in its design and use.

The framework content is structured using the thematic analysis of the interview responses described in
Section6.5P ¢ KS 1 Se& LJRirdteyidwi respai@&sin Annes B éonfirmed that a framework for

162



the implementation of PLM on ETO products is hecessary, but the responses &tsQih8icated that it

must be easy to us@ndshouldnot mandate how it should be used and implemented. Therinewees
commented that a framework should be flexible, scalable and easy to use. Therefore, the framework was
designed to allow any combination of objectives, challenges and enablers which the ETO programme
believe is most appropriate and which aligwostheir business modeThe responses contributed to the
design of the framework but also to the evaluation objectives for flexibility.

The main objectivevas to evaluate and validatethe framework quality, structure and versatility
measured based on thesponses to the questionnair€hese opinions relate to the validation objectives
for the quality of the PLM framework (Statement 1.1) which validates the research results in Settion
other words proof tha the framework contains the necessary elements for the implementation and
successful use of PLM on ETO produtlte opinions also relate to the evaluation objectives for the
quality of the PLM framework (Statement 1.1 to 1.3) and its structure and vigyséStatement 2.1 to
2.5).To enable thiseightstatements relating to the evaluation objectives were used in the questionnaire
and theparticipants wereasked to respond in terms of the extent to which they agreed or disagreed with
these statementsThe statements and the related evaluation objective are showirainiel3.

Evaluation | StatementNo | Statement

objective
Framework | 1.1 The framework contains the necessary elements for the
quality implementation and successful us€PLM on ETO products.
1.2 The framework assists in overcoming the challenges with
implementation and successful use of PLM in ETO products.
1.3 The framework is effective for the implementation and successi
use of PLM in ETO products.
Framework | 2.1 Using information process, people and technology across
structure objectives, challenges and enablers is a useful way of structuri
and the framework.
versatility 2.2 Information people, process and technology across objectives,

challenges and enaliie covers all the categories for the
implementation successful use of PLM in ETO products.

2.3 The content of the framework can be easily followed.

2.4 The framework appears to be flexible in its use.

2.5 I/'we would use this framework to implement MLon ETO
products.

Tablel3 Statements in theuestionnairerelated to evaluation objective

8.2.1.1 The Framework quality

Quiality can be defined as how good or bad somethiagdsthat it is of a high standard 5]. Determining

the quality of the framework is important to understand how well it wilpport the implementation of

PLM on ETO products. There are three quality statements in the questionnaire and their reasoning to
meet the evaluation objectives are shown below.

QL11 - The framework contains the necessary elements for the implementatiordasuccessful use of
PLM on ETO products.

The framework contains the themes derived through thematic analysis as described in $estibhis
guestionwas used to investigate whether there were any elementssing which areequired for the
successful implementation of PLM on ETO products, including objectives, challenges and enablers.
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Q1.2- The framework assists in overcoming the challenges with implementation and successful use of
PLM in ETO products.

The objective of thigjuestion was to evaluate whether the framework provides guidataceupport
overcoming the identified challenges with the implementation and successful utilisation of PLM on ETO
products.

Q1.3- The framework is effective for the implementation and sucafsl use of PLM in ETO products.

The significant contribution to knowledgerresponds to the construction afframework which provides
guidance for the successful implementation of PLM on ETO products. The questiosessevaluate
whether this overd aim has been met.

8.2.1.2 The Framework structure and versatility

Structure can be described as how something is organised and arrfbgjedhich wasimportant for

the evaluation objective as the framework themes have been organised based on the enterprise
architecture approach described in Secti@nVersatility can bes a characteristic afomething which
allows it tobe changed easily or used for different purpo§&s]. Theinterview responses tQuestion
Q13reflected an opinion fronthe intervieweesthat they did not want a framework which constrained
them into a rigid approach. They required a fraworkthat is flexible and can be adapted based on their
business objectives. Therefore, the versatility of the framewealks another importantcharacteristicof

the evaluation. As structure and versatility are closely reldteely have been combined ihe& evaluation
statements, these statements and theationaleare providedbelow.

2.1- Using information process, people and technology across objectives, challenges and enablers is a
useful way of structuring the framework.

The structure of the framewtt was developed to contain the PLM objectives, challenges and enablers
across those themes relating to information, process, people and technology as described in Gection
The objective of this statement was to evaluate theusture of the framework based on this approach.

2.2 ¢ Information, people, process and technology across objectives, challenges and enablers covers all
the categories for the implementatiorior the successful use of PLM in ETO products.

The objective ofhiis statement was to evaluate whether the structure of the frameweaktures all the
necessary elements required for PLM implementation, i.e., ensuring that the structure does not preclude
any necessary elements which may be required but are missed ocleat due to the framework
structure.

2.3- The content of the famework can be easily followed.

For the framework to be effective it must be easy to follow, etfeughit is supportingthe realisation
of PLM objectives on new product developmeaitcomgdex products. The objective of this statement is
to evaluate how easy the framework is to understand.

2.4-The framework appears to be flexible in its use.

As described in the resnses to Question 1the interview participants asked for the framework he
flexible and not mandated to enable elements of the framework to be targeted dependant on the
objectives of the business. This statement evaluates the flexibility of the framework.

2.5- I/we would use this framework to implement PLM on ETO products.

The participants were chosen due to them being senior stakeholders in ETO products who require
successful PLM implementation to meet their business objectives. This statevasnised tevaluate
whether they would use the framework to implement PLM on Bi@lucts.
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Theparticipantswere also asked to provide comments on the framework and/or and the research, and
on the validation approach itself. This was included to understand any general feedback or motivation for
the questionnaire response.

8.2.2 Evaluation and validation approach

The approach to the main evaluati@nd validatiorwas constructed t@onsist of identifying participants
who would attenda one hourworkshop either face to faceor via a teleconference with shared media.
These participants wereselected from business functional roles within E®@©partner organisations
within the extended enterprise. These organisations included:

UK ETO design and manufacture

USA ETO design and manufacture
Canadian ET@esign and manufacture;
Canadian ETO custer,

Australia ETO design and manufacture
Australia ETO ieervice supportand,
USA PLM ETO technology provider

= =4 =4 = -8 -8 =9

These organisations are involved in various multi £B ETO programmes and their products are global
leaders.They are geographically dispersaapporting the triangulation of the evaluation to ensure that

the framework is effective across different ETO products who may have different customer constraints,
for example government practices.

The roles within these ETO organisations were selecte@pcesent stakeholders who have business
objectives required to be met by a successful PLM implementaliba. participants were a mixture of
those interviewed to generate the findings, those aware of the research but not interviewed and those
with no knawvledge of theresearch The majority of those selected fothe evaluation had not been
previouslyinterviewed;this was to supporanindependentview of the value of the framework based on
the results of the thematic analysiEhese rolesnclude:

F.1- Head of manufacturing plannin@ot previously interviewed)

F.2- Engineering managerin-service supporfnot previously interviewed)
F.3- Engineering managerDesign(previously interviewed)

F.4- Manufacturing planning managénot previously inteviewed)

F.5- Engineering manage&rBoM (not previously interviewed)

F.6- Engineering managerPLM(not previously interviewed)

F.7- IM&T manager(not previously interviewed)

F.8- PLM consultan{not previously interviewed)

F.9- PLM architectnot previously interviewed)

F.10- Design authoritypreviously interviewed)

F.11- Operations managdipreviously interviewed)

F.12- Head of engineerinfpreviously interviewed)

F13¢ Head of Enterprise Architectufeot previously interviewed)

F14¢ Head of IM&T(not previously interviewed)

F.15- Underwater systems specialigiot previously interviewed)

F.16- Programmedirector (not previously interviewed)

F.17- Deputyheadof programme managemer{not previously interviewed)
F.18- Systemsngineering managefnot previously interviewed)and

F.19- Engineeringlirector (not previously interviewed)

SR I R B R - I B B B B B
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In total there were 19articipantswho responded and a further 6 who did not. Due to the risk involved
with allowing the participants to respondfter the presentation was delivered and questionnaire
circulated,non-respondentswere expected. The risk was mitigated by ensuring each organisation and
business role targeted had at least one respondent. These participearts from various business
functions but all are in senior positions and are stakeholders in the successful implementation of PLM in
ETO products. The participants were engagethe evaluatioreither on a one to one basier in small
groups in ane hoursession with the intention focommunicating the research aims and methodology
through a poster presentatioas shown inAppendix EThe PLM implementation framework was then
described usinghAppendix Dfollowed by the questionnaé structure. It was decided that thene hour

slot was utilised to maximise the timaken to describe theframework,and for the participants to
subsequentlycomplete the questionnair@ their own time following the sessioifhey would therefore

be ableto re-read and complete the questionnaira their owntime [167]. This would enable then to
reflect on the material presented and then complete the questionnaire. The participants were requested
to rate theirlevel ofagreementor disagreementowards the statementsising a fivepoint Likert scale.

The rangef options werestrongly disagreedisagreeneutral, agree; andstrongly agree. This approach
and the wording of the statementsas used in order tanot lead the participant to a particular rating.

Following the briefing sessions the participants were sent the po§temework, questionnaire and
declaration form and asked to subnthie responses to the questionnairgithin two days. This self
completion approach introduced the risk of the participants not completing the questionnaire due to
other commitments. This riskvas acceptable to ensure thene hour sessions were dedicated to
communicating the research approach, the outcome and the importance of evaluation using the
guestionnaire. The participants were a mix of those who had been interviewed to develop the foaknew
using thematic analysis as discussed in Sedtjand those who had not been involved. The approach
was designed to ensutbat there wasa balance in the results from those who had been involved in the
research and perhas would see their input in the framewaqtkiose aware but not interviewednd those

who had not previously been aware of tihesearch.

8.2.3 Evaluation and validation results

The responses to the questionnaire questions relating to Framework quality, strutdreersatility are
shownin Figure37.
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Figure37 Questionnaire responces

As discussed in Secti@i2.1.1, Satements 1.1 to 1.3 were included in the questioimeato assess the
guality of the framework. FoBtatementl.1, 42% of participantsagreed that the framework contained
the necessary elements for the implementation of PLM on ETO products with a fu@berstongly
agreeing. FoBatement 1.2 the responsgsreflect that 63% of participantsagreedthat the framework
assists with overcoming the challenges in PLM implementation on ETO products, a 328thstrongly
agreed 5% responded neutral with no reasons givearSatement 1.3,42% agreedhat the framework

is effective for the implementation of PLM on ETO products4aid strongly agreedyith 11% providing

a neutral response. The commerftem those who provided a neutral response for 1.3 related to the
tailoring required to suit specific businesscamstances and also that the detailed research behind the
framework would be beneficial.

Section8.2.1.2described how statements 2.1 to 2.5 were used in the questionnaire to describe the
structure and versatility of the franveork. For statement 2.1 the responses found tBa86 agreed and

68% strongly agreed that the framework structure of using information, process, people and technology
across objectives, challenges and enablers is a useful way of structuring the frameatmest 2.2

had 42% agreeind,7% strongly agreeing arbl% neutral response for the structure of the framework
containing all the categories required for PLM implementation. The neutral response contained the
comment that timescales are an important facin PLM implementatioand also that they would like to
learn more about the frameworkDue to the long lifecycle of ETO programmes and the constant
technological advances, the participant highlighted challenges of aligning business operating timescales
with technological innovation. This is discussed in Se@tibr.1where upgrading or implementing new
technology can be challenging for ETO products.

Statement 2.3 had 7% agreeing that the framework can be easily followeith 42% strongly agreeing
and11% with a neutral response. No indication was given in the guestionnaire comments why a neutral
option was provided. The response to statement 2.4 B8% agreeing an82% strongly agreeing that
the framework is flexible iits use there was 5% with a neutral respon3dneneutral response related
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to a request to understand more about the research and the framewtdement 2.5 haé8% agreeing
and32% strongly agreeing that they would use the framework to implement PLEIT@) products.

The responset the questionnaire statements supported the objectives of the questionnaire for quality,
structure and versatility as discussed in Sec8ighlwith 95%of the responses either agreeing or striyg
agreeing with the statements. The commentsluded withinthe questionnaireesponseslso supported

the value of the framework.1for examplehighlighted that irtheir experience there is an overreliance
on technology to gpport PLM objectives and that it is the human factor that supports the successful
implementation.F.1 addedhat it is refreshing to see this represented in the framew&rk5commented
that more emphasis on culture would haleeen preferred, especiallyith explaining the benefits of PLM
to the stakeholders. This included: reduction in cost for threliighsupport, obsolescence management
and rework; reduction in schedule risk due to rework; improved safety due to confignnaiinagement;
and, a further risk mitigation for cost due to a reduction on saiatjdents.It was explained to the
participant that theframework contained enablers on improving culture and educatiand that the
researcher agreed the importance of¢iness change to PLM implementation on ETO produibesfocus
that the framework gives to cultural change was raisedFt6g K2 a G+ G SR GKIF G a
priority given to the cultural change required for a succes¥fuldf SYSy il A2y Qd { KS
aKS Wg2dAZA R 0685 AYyiSNBaldSR Ay FIKIWAKINEKGSRIKE! §S
support of the business is, and will always be, a key challenge and a very im@sfantd f S N @

KS
)

The comments also highlighted the importance of versatiliith F.2stating that tailoring was important,

whilst acknowledingthat the framework describetheir business challengeE.11stated that theywere
GFAf2NAY3a GKS FTNIYS@g2N] (G2 dzasS 2y ySé LINBINI YYSA
GFAf2NBR F2NJ dz&aS 2y | ydzYoSNJ 27F 6 QéseribaNtdwi thiS O A &S
framework provided a scalable and tailorablepproach for PLM implementation in a complex
environment.F.14commented that they are currently implementing PLM on an ETO programme and that
WGKAAE FNIYSE2N]l KAG SOSNE | ALISO0 2 F.165ta&es thatéha dzSa Ay
FNFYSG2N] Wog2dzdZ R 0SS dzaSTdzAd G2 2dzNJ 2NHIYyAAlL GA2Yy | &

The framework was described Iy3l & 0 &Aingaluabke asset to any business embarkingte
implementation of PLI@It wasalso highlightedby F.3 thathe wide and varied research approaab a

strength, which included different ETO product@nd which recognised key themethat F.3identified

with during their PLM implementation. The sgstatic way with which the framework considered the key

elements in PLM implementation was identified Byandwhich wassupported byF.9who described it

as robust and well considerethdF.17a G § SR G KF G0 GKS FNI YJd2mddfurtNes I & 6 S
supported byF.104 K2 & ( I (i BsRfraniewdrkiis cWarly the result of a wetinceived and
comprehensive facbased approach.applaudthe author for providing a unique insight and synthesis of

this complex materi&

F.10highlighedd K & GKS FNI} YS@g2N] adNHzOGdzZNBE Aa | Wy20Sg2N
graphical representation. He also statédK | (i BeiérSin thelbdsinessf producing ETO produstor

nearly 25 years andasnot seen such a reasoned, tiodza K I YR NI { A H¢ weht otdNsBya Sy G |
that he Wan easily envision using this framework as a basis for establishing a PgMnpne and

providing direction to my tea@ ® ¢ KS FTNI YSg2N] &0 NHzFl2ablBstréngtta | £ & 2
ad A yna inforiatian, pebiple, process and technology approhak allowed us to focus on the

real areas of chllengein terms of PLM implementation, specifically cultural change and enabled
proceses Thiswas supported 7,136 K2 a0 F 6 SR GKF G A0 A& Yddpedpre, 12 &S
LIN2 OS&a I yR AY T2 NMipartédzhg Bdk of Gekhhdiogy@Biectives yh lihe Biamework.

The usefulness of the framework not just for ETO products but for other industries was raiSethbyg

F.Q

Thequality of the research oveiew and framework posters wdsghlighted byF.13who stated that it
gra | 3ANBFG LINBaSyidl A 2Thiswasistpiorténdy B.19\vh® statedIthat §hdéi & O2 O €
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visual poster was good atide themes sound but are dependent on the codification validity. The feedback
may be due to the lack of access to the interview key points and codes used to generate the themes.

oadrdiSR GKFG AG Aa 2NJHEDSINER KIBK ILIF dif K § [ MBS &F NI NOSKS NJ
t[a O2YLI yASaAkLIS2LIX S G2 02YS G2 KAa (KSara O2yo0f

8.3 Industrial use in an ETO product

BAE System Naval Ships has used the themes identified in the framework for the developitseALM
approach described in its iBoM strategyhis enabled PLM to support the objectives of Type 26 and to
overcome the challenges related to ETO products as described in S2etidrhe success of the naval

ships PLM strategy was iefied as a key business differentiator in the GCS export bids for both Australia
and Canada. The understanding of ETO products compared to other product types enabled BAE Systems
Naval Ships to explain the importance of PLM to achieve the objectivabdazustomer and how a
specific approach to PLM is required. The PLM objectives, challenges and enablers relating to information,
process, people and technology were used to convince the export customers that not only did BAE
Systems Naval Ships have aeigr product with the Type 26, but also that the PLM approach employed
would support the development of the GCS export NPD.iBo® strategy was also used to describe to

the export customers how this would enable their required design changes to beporated into the

GCS design through variant management. The Australian customer purchased the PLM approach as part
of a transfer of IP to support their sustainable shipbuilding. The implementation of the themes in the
strategy has established the businessleaders in the field of PLM in Naval shipbuildigthe iBoM
strategy isacommercially sensitive document it has not been included in this thesis.

8.4 Summary

This sectionhas described how the significant contribution to knowledge, the framework for the
implementation of PLM on ETO products, was evaluated. The preliminary evaluation was designed to
capture initial feedback on the framework using participants who had not been involved in the interviews,
those who had, and also feedback from an export aor. The resulténdicatedthat the framework
content andstructure wasvaluable but there is scope for further research to develop the framework
electronically to help with communicating the detail behind themes e.g. thatlescribedwithin Section

7.

Interview Question 13 aske®’2 2 dzf R I FNIF YS 62 NJ] I & & AsHoithe idhellifso G KS i
K26Q gAGK GKS TAY 2F SadloftAakKAya gKSGKSNI I TN
interview responses confited that a framework was necessary but also found that the participants
required a framework which was flexible to enable the organisation to choose what elements of the
framework were appropriate to meet their objectives. The response to this questilueirded the main
evaluation to establish whether this criterion had been met.

The main evaluation useajuestionnaire to ask selected participants from ETO products for their opinion
on statements related to the framework. These statensanwere usedto capture the quality, structure
and versatility of the framework usirgLikert scale. Thewere worded to ensure that they were not
leading the participanto providea particular rating. The responses to the questionnaire statements and
the comments suppo#d the objectives of the questionnaire for quality, structure and versatility with the
95%o0f the responses either agreeing or strongly agreeing with the statements.

Thelndustrial useof the frameworkin an ETO productescribed that the findings from thesearch were

used by BAE Systems to input into the Naval Ships PLM strategy. This enabled the PLM strategy to meet
the related objectives on the Type 26 programme but also to establish PLM as key differentiator in the
successful multi £B export contradts Australia and Canada.
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9 Discussion

This research haghownthat a PLM implementation framework is required for the specific context of ETO
products. Thissection discusseghe thematic analysis findings from Secti@rand relates them to the
research problem of PLM implementatiom ETO products described in Sectibandwith the Type 26
case study described in SectibnThe structure of thisection will focus oreach of the categories of
information, process, people and technologysi®wnin the PLM implementation frameworklthough

a specific framework in theontextof ETO productss required there is asignificant contribution to PLM
implementationreseart by other authors. The discussion chapteitl relate where appropriate the
relevantliterature, albeitgeneric and not specific to ETO products, to the findings from this research and
the Type 26 case study.

9.1 Information

The framework provides a number iofformation objectives, challenges and enablers that are required

to support the ETO NPD. The thematic analysis captured the importance of managing the information
providedand consumed by all of the stakeholders throughout the lifecycle of the prograrinatso
described the importance of ensuring that duplication was minimised in order to improve data quality.
The thematic analysis and the information integration requirements described in the Type 26 GCS case
study in sectiorb.4 explained how improved information quality will be enabled through the integration

of the BoM information in the CAD, PDM and ERP systems. It also described how BoM quality is impacted
by disparate unintegrated information. The requirement for intgpn of information as described in
Section5.4 is a significant challenge on FOC naval shipbuilding programmes. This is due not only to the
information instability throughout the lifecycle but the necessary requirement fax grogramme
stakeholders to consume the information to progress the NPD.

The PDM system usexh the Type 26ase study will provide the master source of the system design BoM
information to be integrated into the CAD model. The fully detailed design Bt published into the
PDM system for digital planning, as described in SebtirThis presents challenges due to the significant
volume of BoM information published across the interfadgchrequires all of the informabn enablers
identified in Section7.6.1to be applied. The timing of the publication across the interface is critical, as
proceeding t@ early will result in large volumes ifformation beingcontinuallyrepeated due to product
change, which in itself may be due to the evolving maturity of the product. The relationship between BoM
publication, maturity management, and configuration and change managemeithpsrtant. The
maturity of the information must be managed and understpaas described in the case study
requirement in Sectiorb.1 This will assist with understanding when to apply configuration control to
support a stable publication of the product information across the CAD and PDM interfaces.

If the productinformation is immature and publication between the CAD to PDM systeatiowed to
commence, then will this result in the publication process continually repeating to reflect chdngées

the evolving product maturity. This will also impdbe data quality measures in the programme as an
understanding is requiredor what are genuine quality issues or those which are evolving BoM
information due to immaturity. Therefordt is difficult to understand the quality of the BoM due to
continuing publication of the updated information across the PLM systems of systems.

Thecase studyequirements illustratedin theHOQin Figurel4in Sectiorb, require information stability.
The downstreamansumers of engineering information in the case stutijse the product information
to achieve their objectivesuch as digital planning (Sectio’.5); design for support (Sectiob.6);
repeatabe manufacturing identification (Sectidn8); and, completions management (Sectiéib).

If this information changes onceonsumed by other stakeholdetien it may require rework and
introduce quadity issues if unnoticed.
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Control mechanisms are required to be introduced to provide information stability at the appropriate
points in the lifecycle. Stage gates can be used to provide control between phases, as illustrated in the
CADMID lifecycle iRigure8 in Sectior?.4.6

Theframework,as described in Sectioi.5.1.3 demonstratesthat there are challengesvith applying
configuration control tothe evolving ETOproduct There is a balance between when to apply
configuration control aligned with the defined maturity criteria to provide stability to downstream
activities and the burdenf applyng change management processés illustrated irFigure8in Section
2.4.6 lifecycle review gates, which are aligned to maturity criteria and the programme lifecycle, can be
used as decision points as to when to proceed to the next pfidsge will assist imanaging thesvolvirg
design of ETO NPDhe reason for applying configuration control is to provide stability fendxt phase

but, when it is applied, there is a change management overhead to the programme. Maturity
management must inform the configuration management a@gwh to ensure that the timing of
constraining the design is appropriaté the information isconstraired too early and there is a change
overhead applied to the programnimit leave it too late and the stability of the design and build ¢jele

is affected. BAE Systems has attempted to resolve this challenge by lifsitygcle phase reviews at
appropriate points in the lifecycle. Examples of these are showigimre38 where there are a series of
reviews focusing on the maturitf the design avariouspoints in the lifecycle.

Design lifecycle

Alternative ~ System  Initial ~ System Preliminary Critical
systems requirements design  design  design design
review review review review review review

Figure38 Design lifcycle phase reviews

These phase reviews evaluate the whole integrated design and if passed will result in design artefacts
such as documentation, drawingsich BoM, having baselinespplied and the information being
configured into change control. Further detailed reviews are required for ETO products such as Naval Ship
NPD due to the size of the design and the long lifecycle which necessitates overlapgseg. phhese
reviews will evaluate the maturity of specific design zones, enabling one zone to progress to the next
phase while another can have a lesser degree of maturity. The reviews are often related to contractual
milestones. Waiting until athe zones are mature before continuing to the next phase would introduce
considerable additional time to the design and build lifecyEigure39 shows the review lifecycle for
individual design zones, where the reviews are aligned tdartheeasing maturity of the zone, they can

also be linked to milestones.
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\
[ |

Figure39 Individual design zone reviews

The detail design zone readiness reviews evaluate the maturity of the design for progressing from system
design todetail design. The design integration reviews evaluate the maturity of the detail design for the
zone. The transition to manufacture reviews evaluates the maturity for transitioning the design to
manufacturing. There are multiple reviews of this type facke detail design discipline, for example
structure and electrical can be ready at different times, resulting in an opportunity to pass one discipline
while the other is able to focus on increasing maturity. This enables manufacturing to have a phased star
for each zone. The approach on the RN case study was to apply progressive configuration control across
its 12 design zones based on the maturity of each area. Once configured into change control the updates
to these product artefacts can only be appliidlowing approved change requests. The configuration
control on a product artefact is automatically unconstrained once the change is approved. This is due to
the relationship between the change object and the affected artefacts in the PDM system. Tdratede

design reviews and the individual design zone reviews are shown in the context of the CADMID, Shipbuild
and confguration baseline lifecycles Figure40.

172



2 Concept ) i

Assessment )
> _Demonstration >
Manufacture ) r CADMID
n Service S LIFECYCLE
Disposal
> Stage 0 i Concept Design
Stage 1 1 System Design )
Stage 2 i Detail Design >
Stage 3 i Prod Outputs SHIPBUILDER
Stage 4/5 i Manufacture & Assembly ) r L”:ECYCLE
Stage 6 i Test& C i i
Stage 7 1 _In Servict )
Stage 8 1 Disposal
Design zone readiness Design zoné
for detail design reviews Integration reviews |ND|V|[\ DUAL
\ 1
f [ ) Design zone transition to DESIGN ZONE
Inital Fifal Ilal M Fnal onacture reviews REVIEWS
N, 4"—\
Wholeship Design Reviews
A
f \ WHOLESHIP
ternative  System Initial System Preliminary C""_Cﬁ' DESlG NREV'EWS
stems  requirements design:  design  design dES_IQT‘
view review review: review  review review
AN
As Conceived | N
As Designe PN
R As Developed | A\
As Planned |
As:Built N — CONFIGURATIOI
/R As Delivered A\ BASELINES

As Maintained PN |
As Disposed

Figure40 Lifecycle phases and maturitguviews

The selection of what product artefacts are chosen for configuring into change control is important due
to the need to identify what is design evolution with minimal impact and what is a major product change.
As stated in Section.5.1.3once product information is placed under change control there is an overhead
to the programme. This includes identifying the impact of the change which is difficult due to the
interconnections within the design which may be affected. Onestrained the product artefacts require

an approved change request to unlock the information from the configuration control rules applied in the
PLM environment, which are typically managed through the PDM sy3tkinis demonstrated in the RN
case studyvhere configuratiorcontrolisappliedto the BoM across the CAD/PDM/ERM interface through
the requirement for the integrated PLM systems described in Sebtbm he configuration control of the
information also has a closelationship to the requirements for maturity management described in
Section5.1and across the various product BoM hierarchies described in Séc@pwhich in turn have
associated BoM elements described in Sectiob.3.

The scenario described in the figures below illustrates information integration and the impact of change
on a Naval Ship NPBigure4l illustrates how the BoM for the systedesign is populated in the PDM
system based on supplier information, in this case 2D drawings. The system design bill of material is
populated in the PDMystemto reflect the information provided by the supplier, which consequentially

is used to measurehte maturity to support the zone readiness reviews as showrigare39.

173



System Design PBS
and BoM
(occurrences and

parts)

— Chilled water
[ system

Chilled water plant

Chilled water pump

Populate

system
y Valves

design BoM :
Diesel generator_J
compartment

Diesel generator

system
System design drawings using supplier
information Diesel generator
Chilled water pump
—~ Valves
2D CAD System PDM System

Figure41 The system design populated in the PDM system based on supplier information

As the zone readass reviews is passed, the system design for that zone is baselined into change control
and the BoM is synched with the 3D CAD environment providing CAD/PDM integration, as shigurein

42. This enables the detail design to commoe and the BoM for the compartment to be modelled in the
CAD system.

System Design PBS

and BoM
(occurrences and
parts)
. Chilled water
system
Chilled water plant .:>
Chilled water pump e ) Synched from
PDM to CAD
ValVeS I:“>
Diesel generator_J
compartment
Diesel generator
system
Diesel generator >
Synched from
Chilled water pump — PDM to CAD
— ValVeS I::>
PDM System 3D CAD Yystem

Figure42 The system design BoM synched with the 3D CAD environment

The detail design team will not only model the 3D represaataof the system design BoM, but will also
produce product artefacts required to operate the ship. These include the structure, HVAC, electrical and
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pipe systems and resulting BoM, and any removal or maintenance envelopes or feigiee43 shows
a representation of a diesel generator compartment model with the system and design BoMfatahe
Zone integration review.
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Adjacent Compartments

Figure43 The detail design of the diesel generator compartment at the final zotegiation review
When the compartment progresses through the final zone integration review the full detail design BoM

for that zone is baselined into change control and can be published to the PDM system to enable
downstream activities such as digital méacturing planning, as shown fgure44.
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Figure44 The publishing of the detail design BoM to the CAD to the PDM environments

With the design being assessed as mature th#/dies to transition to manufacturing can commence.
The production drawings to support manufacturing are created directly from the 3D CAD system once the
relevant zonal transition review has completed, as showrigure45.

MY

Figure45 Production drawings outputted from the 3D CAD system

Manufacturing planning can also commence with the full engineering BoM published to the PDM system
to enable the digital planning requiremengskribed in the case study in Sect®®. The relationship
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between the Engineering BoM and the work packages for manufacturing planning which are then
transitioned to the ERP system is illustratedrigure46.
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Figure46 The Engineering BoM associated to workpackages to create the manufacturing BoM

As described in Sectiah5.1.3the information challenges for the implemetion of PLM on ETO products
include he management of product information maturity and its relationship to change, configuration,
schedule and coslif there is emergent change such as with an update to supplier information then this
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may have a significd impact on the programmerigure4? illustrates the impact a supplier initiated size

and weights change on the diesel generator to the compartmemdeland the interconnected BoM. This
results in consequential change the strudural seats, electrical, HVAC and piping systems and the
removal route for maintenance. There may also be an impact on adjacent compartments to accommodate
the design change.
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Figured47 A supplier changto the size and weight of the diesel generator

The requirements in the case study for the improved BoM level of detail, Sé&cRoand the association

of related BoM elements, Sectidn3, resultin increased impact of the change showrFigure47. This
greater the level of detail on the BoM results in more interconnections impacted by the change. This
includes:

1 The system design BoM being updated based on new suppliemiafion, as illustrated ifrigure
41

The synching of the new information to the 3D CAD syskegure4?2

Updates to the 3D modekigure43

Republishing of CAD detail design BoMhe PDM systentrigure44

Production drawings being changdegure45

Planning activities having to be reworkeédgure46

Other rework such as with design for support, SectoB) Supply chain activities, Sectiérv,
repeatable manufacturing identification, Sectibr8and completions management, Sectivr®

= =4 =4 =4 -8 =9

Therefore the impatcof the information change from the supplier once the maturity gates have passed,
and the downstream activities have commenced, will have a significant impact on the programme cost
and scheduleThis includes not only updating the information but identify the affected BoM items
amongst the large volume which potentially may be impact#tese challenges are discussed in Section
2.4 and 7.5 and the findings described in Sectign6.1 provide guidance on enabling information
management improvements to overcome these difficulties.

Section7.6.1.1stated that a policy is required to establish what information is important, who owns it
and how it wll be used in the programm@&his policycansupport improved awareness of the status of

the programme but it will also enable improved understanding of the impact of change. The greater the
level of detail in the BoM then the greater the impact of changehe cost and schedukes more effort

is required by the various stakeholders impacted, as illustrated in the diesel generator scenario. Some
BoM items which when regarded independently should be simple, e.g. pipes or pipe supports. These
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inherit a greder significant due to the volumes which require updating due to design change. The policy
should be developed by a cross functional team as described in Séc8dh2who include those
described in the change scenario, swshsystem and detail designers, manufacturing planning, supply
chain personnel and the support teams. This team must balance the information integration requirements
with LFE to ensure that the level of detail in the BoM can be at as high a level asgydssieduce the

impact of change on the cost and schedule of the programme. This will also assist with managing data
quality as described if.6.1.3as the volume of information will be reduced enabling improved analysis,
gowernance and reporting of information quality. The policy will determine what information is required

to have its maturity managed in order to enable the development of the maturity criteria.

PLMwill not solve all of the challengemn an ETO produgtsuchas animmaturity, but will enablethe
programme to have consistentalid and reliabléenformation which care used tanake decisios on the
programme The case study in Sectidhrepresents a PLM environment which providesegrated
information across a minimum number of software applications. Without the integrated information
approach, there would be inconsistency of data throughout the lifecycle of the programme which would
impact the ability to make informed decision&iginformation is linked to the programme status such as
with the product information located in the design zones which have programme milestones assigned to
them. For example the wholeship reviews illustratedrigure38 or the onal review points ifrigure39.

Therefore, the maturity level of identified product information artefacts is related to a programme
schedule which is agreed with the customer. If the information management approach is not umdiersto
and is not managed in a robust PLM environment then the programme would not be able to understand
its status against the agreed plan. The information management policy must also align with the change
and configuration management approach as this witedmine when, how and what information will be
constrained into change management, as described in Seét®d.4 The timing of baselines and the
resultant configuring of the information into change control is an important ¢égrafor PLM. The
configuration and change management approach is important to ensure the integrity of the design is
maintained, but this also introduces an overhead in the raising, assessing, approving and embodiment of
the change. The approach should daily consider the timing of introducing change and configuration
management to ensure that the balance between what is change control and what is design evolution is
understood. This may result in the zonal review points showfignre39 being later in the lifecycle to

allow increased maturity into the design prior to introduction of change control. The balance of this timing
must be considered against the downstream consumers of the informatiwhthe demands of the
programme shedule

Having consistent information through a single point of trighrequired toenablematurity and levels of
correctness to be understoo@he case study demonstrated that existing information can be used to meet
programme objectives through integiiah as opposed to duplication, e.g. using the iBoM for completions
management, digital planning, maturity management and design for support. These business processes
use information mastered in their core systems, resulting in improved quality and an vetpro
understanding of the programme performance. This enables the management team to make informed
decisions. Theeduction ininformation sources and improving their integration is an important enabler,

but these must be supported by the appropriate infation policies and cross functional teams as
highlighted in the framework.

The lack of a prototype means that ETO products cannot test their PLM approach before initialising ETO
design and production. The thematic analysi$ections.6.1demonstrated that information integration

is necessary to ensure rightst-time quality to support the programme. There are methods which can

be used to assist with the development of an integrated information management policy such as Master
Data Management (MDM). MDM is an approach to organise information to manage its quality, use and
synchronisation to meet a business objective, e.g. customer information used across different business
units [168]. Applying MDM will not solve the information challenges in an ETO organisation as this
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requires an understanding of the complex use of the programme artefacts and its intercamsediut
it can be used to inform data quality and reporting activities once the ETO information policies have been
created. As shown iRigure48, acombination of information understanding is required including:

What are the information objectives

What information is required

Who owns it

How it will be applied

How it will be measured

How it will be integrategland,

The alignment with the configuration and change management approach.

=A =4 =4 =8 -8 -8 -9

Investigating, documento agreeing and implementing this information approach will enable the
information challenges identified in the research to be overcome.
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Figure48 An Integrated information approach is required to meet the objectives of diesiaiders

As described in Sectiah6.1.2to ensure that information is not managed in duplicate environments there
must be governance over where information is mastered. To achieve this, there must be SQEP personnel
working wthin a cross functional PLM team who will have responsibility regarding the information detail,
including:

i where it is masterep

1 what is to be published

1 when and where it will be publishednd,

9 monitoring its quality and publication success.

On Type 8 an engineering team was gradually formed over the lifecycle of the programme to ensure that
the appropriate information policies were created, managed and had appropriate governance. These
policies included the PLKMBoM) strategy, CAD/PDM publishing,camaturity management to support
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the requirements identified in Sectidh Whilst this team has been a success in facilitating the €ross
functional PLM requirements, the findings from this research have concluded that themeatrinclude
crossfunctional representation. The findings also stated that the team must have ownership of the PLM
approach across the business and not just within a single programme, or there is a risk that the lessons
and investments will not be enabléd meet the overall business objectives, such as for the GCS export
programmes where variant management is a key objective. This team must also include security, export
and IP personnel to ensure the obligations describefl4nl.4are met. This has proven to be important

on the GCS programmes where the security, export and IP legislations differ across the UK, Canada and
Australia and this must be reflected in the information managenpeiicy.

9.2 Process

The framework showsthat the processes on ETO products have specific objectives, challenges and
enablers that are required for a successful PLM implementation. Quality through right first time and a
reduction in rework is a process objective described in Sedtidi2.2and in the demanded quality
improvements to Type 26 in the case study, as illustrateféignre14 in Sections. The ETO challenges
described in Sectior2.4 stated that there is no prototype to remove errors before manufacturing
commences, therefore right first time quality is an important business objective.

Scheubett al, usingthe implementation of a new PLM system within the energy sector as a aadg st
stated that the implementation of PLM will enable process optimisation, process quality and will also lead
to cultural changd158] . They then described how the new PLM system will introduce initial process
overheads and Wl result in opposition from the workforce. They go on to say that these overheads will
be reduced through software improvements, training and enhanced skill levels. They also stated that
enlarged electronic workflows will increase process quality as #neyincreasingly developed to align

with the business processes. Careful consideration must be given to enlarged electronic workflows as the
thematic analysis described in Sectith.2.1described how overly complex processas a challenge in

ETO implementation. The interviewees gave examples of how they had enlarged their electronic
workflows but these became unusable in their ETO products. This led to the enabler described in Section
7.6.2.2to provide guidelines angjovernance over process compity to ensure they are simple and
usable The findings described how enlarging workflows and adapting them to the business process will
actually reduce the effectiveness of the PLM environment, andbeiltletrimental to process quality.
Integrating processes into larger workflows in the PDM system will benefit less complex products.
However, for ETO products the size, complexity and uncertainty in the product development lifecycle
results in a requiremetrfor flexibility in the processes in order to adapt to the constmiergentchanges.

If the processes are too rigid and inflexible and these are reflected in the electronic workflows in the PLM
environment, then these will prove ineffective and will réisn a reengineering of the processes. The
processes must not be overly complex otherwise they cannot be used effectively to support the PLM
business objectives. A balance must therefore be struck between processes which are of sufficient quality
to suppat the complex programme development, and those which are flexible enough to manage the
uncertainty.

As illustrated inFigure49 and described in Section6.2.1there is a need to devep a cross functional
team with suitable SQEP who will have PLM business process ownership, develop the processes and
ensure they are standardised across the business.
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Figure49 Cross functional team for ownership and effectinglementation of PLM processes

They will also have responsibility for learning from experiences and ensure the processes are adhered to.
They will lead on the guidelines and governance over process and complexity as described in Section
7.6.2.2 This team must be cross functional to ensure that each of the business functions have their needs

represented, this will also assist with the integration of processes across the organisation.

An example of process integration ewith the traditional functions such as engineering and supply chain
are those required to support security, export and IPR objectives. The Type 26 ETO procharehasd

in complexitydue tothe successful CSC and HCF export wins. This has resulted nottbalgxtension

of the management of information across variants as described in S&fioinut also with the processes

with which the stakeholders must follow to meet the security, export and IPR obligations. Without the
cross @inctional team representation from security, export and IPR then the processes used for the GCS
NPD will be disparate from those required to meet the required legislation.

Type 26 has a number of electronic workflows which represent the PLM processes prbeesses were
rationalised to reflect the integrated PLM environment and cross functional ownership. The workflows
have a balance between complicated and simplicity which represents the varying degrees of complexity
in the programme. For instance, tlerrent document review workflow in the PDM system is simple,
reflecting a straightforward and well understood process which requires minimal management. These
processes will require to be extendéat security, export and IPR obligations do@&nsure tha document
management and publication meets the business objectives for the GCS export wins, as each customer
will have their own requirements for contractual deliverabl&se guidance in the framework must be
followed to ensure these previously simpleadment management processes do not become overly
complicated.The change management workflows are more complicated due to the complexity of the
programme with regard to uncertaintyemergent change and its relationship to configuration
management. This regres a number of configured workflows which represent multiple activities and
interactions across information, processes and stakeholders, including engineering, planning,
manufacturing, finance, supply chain, programme management and the customer. Dtleede
complications the workflows are managed centrally with a number of change managers supporting each
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of the functions to ensure they are processed correctly. The ETO processes such as change and
configuration control can become overly complicated tamage the product information such as with

the diesel generator scenario described in Sectthh. Guidelines and governance over process
complexity must be introduced to ensure they are simple and usable, as described in Sexfah This

is also required to ensure that the GCS processes for the export wins do not become unusable due to the
need to manage change across the variants. These processes must be mandated both within the, business
across prtners and the supply chain, as described in Sectiér?.3

The standardisation of processes in ETO product development is challenging due to the bespoke highly
customised nature of the product, as described in SeQidrb The PLM environment can support these
nonstandard activities by ensuring that the necessary process support is enabled where appropriate. The
case study in Sectioh.8 demonstratedthe need for the dentification of repeatable manufacturing
processes and information in the PLM environment. Haug et al. argued that ETO organisations can move
towards mass customisation by standardising aspects of their design and manufad&jngnd
Pulkkineret al. identified that there were significant opportunities for using PLM capability to transform
bespoke ETO products into standardised processes more coiprseen in Assemble to Order products
[156). To achieve a level of standardisation the PLM business processes must be rationalised and
governed. On Type 26 the PLM environment included rules which ensured that when the product
artefacts are designed, consideration is made as to whether these can be standardised. An example is
with the parts catalogue where a material is requested by megying. The electronic workflows will force

the engineer to reflect whether a standard material can be used, therefore assisting the supply chain team
by reducing the variability of the material specifications and enabling economies of scale with larger
orders. The workflow will also force the engineer to add a classification from a pick list of manufacturing
processes, assisting the manufacturing engineering team to implement build environments which are
based on the number of repeatable processes idatifagainst the product artefacts. This will reduce

the number of norstandard manufacturing processes since any identified will be targeted for removal
where possible. Whilst the PLM processes, information, training and technology will support
improvemens in standardisation, there must be a manufacturing strategy which enables the realisation
of the improvements through PLM. It also must be supported by the information polices to ensure that
the BoM is targeted at the appropriate level, to ensure that pnegramme schedule is not impacted due

to the enormity of the repeatable identification activities on large volumes of data.

9.3 People

Theframework provideghe people aspects required to enable successful PLM implementation on ETO
products. For a succds$ PLM environment the stakeholders in the programme must be fully supportive

of its implementation. This includes the senior management team who are required to support the
implementation throughout the lifecycle of the programme as described in Sect®:3.1 This will
become more important when there are challenges which may cause the senior managers to consider a
reduction in the PLM scope. To enable these challetmgbs overcomethe management team must be
provided with ongoing evidence of its success and the implications of having an ineffective PLM
implementation due to reduced scope. Those who use the PLM processes, including the personnel who
provide the information and those who consume this informatishpuld be fully committed to the
implementation but the support of senior management is the most important. Hewett provided an
example where an engineering team conducted a time and motion study of the overhead of implementing
PLM to the dayto-day work of engineergl69). The company was facing significant quality issues and the
senior management team decided to implement PLM even though it would require additosgato
provide resources to support the overhead identified by the engineering t&okinge and Malmqvist

also stated the importance of ensuring management support and highlighted that a delay in the
commitment of managers affected a PLikhiplementation with initial activities taking longer than
necessary[56]. Alemanniet al. developed a method ofevaluating PLMmplementationthrough the
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development and measurement of KBgrformancendicators(KPIwhich they validatean a oneof-a-
kind organisationproducingsatellites[170]. Theyfocusedon document and configuration management
but the approach could be developed itnprovethe measurement and communication of PLM benefits
to the seniormanagement team to ensure continuing support.

The thematic analysis established a number of challenges relating to people that must be overcome.
People challenges were raised more freqtly throughout the interviews compared to challenges on
information, process and technology. This is consistent with the literature where there is significant
amount of information relating to people and business chasgeh as withiKotter who establisheé an 8

stage process for implementing business change managefheétit

1. Establishing a sense of urgency

Creating the guiding coalition

Developing a vision and strategy
Communicating the change vision

Empowering employees for brodshsed action
Generating shorterm wins

Consolidating gains and producing more change
Anchoring new approaches in the culture

Y20GSND&a | LILINE ItdKisin€s? czénBe nmardgemedLisi BTG programmes to suibeort
enablerof providing continuing evidence of the benefits of PLM to the senior management t&sam,
described in Sectiory.6.3.2 However, due to the unigue nature ohdse products, the PLM
implementation framework must provide SQEP to enable the successful deployment of business change
as described in Sectioh6.3.4

N g wWN

Stark stated that more than 20% of employees in a company can be affegted®LM implementation

[172). Dwe to the size of ETO products, this will be a considerable number of programme personnel.
Evidence from PLM case studies have also concluded that the cost and time constraints related to PLM
implementation is not due to technology introduction but with argsational changfL58]. ETO products

are extremely complex and have a long lifecycle, therefore personnel on these programmes have unique
skills which are difficult to replace. When transforming a business with a new PLMnriektion,

careful attention must be made to those persons who may have been undertaking a similar role on
another ETO programme for many years but watdifferent information management approach and
technology. The framework highlights that a compreheasthange initiative must be developed and

implemented as described in Secti®5.3.20 ¢ KS | LILINR I OK O2dzZf R dza S | LILINE |

but the challenges are significant, especially as the benefits to an individaalbe minimal as the
improvements will be demonstrated later in the lifecycle, which may be many jrettre future Rangan

et al.describedthe weighting given to a conceptual equation usedhe car industryo describe how to
achieve success in implemting a newPLM systenfi3l]. They statd that they have seen failures in PLM
implementations due to the process and technology not being adequately communicated to the
programme and provided an equation with weighted factors applied to describe the challenge.

S=100E+10P+T

Where:-

S = 8ccess

E= empoweredtrainedpeople
P = laving the process defined

T = echnology
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Therefore, the success of the implementation is weighted heavily on empowered trained people, followed

by process definition with technology being the least important factor in thelémentation. Rangan et

al. went on to describe how PLM implementations must empower and adequately train the user
community on the process and business rules which are supported by effective technology. They warn
that many PLM implementations have faildde to an over focus on technology and not on the people

and process aspects. The thematic analysis in Se€t@®3.2found that that a cross functional PLM
education programme, which is embedded in the core business, is reliairenable the success of the

PLM implementation. The SQEP PLM team will enable the development and implementation of that
SRdzOF GA2Yy LINRPINIYYS a ¢Sttt Fa O2YYdzyAOlI GAy3a GKE
as showrin Figure50.
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Figure50 A cross functional PLM team feenior management communicatiobysiness change
management and education

This approach is supported Bpkinge et alwho followed their review of P implementation guidelines

[173 with a proposed approach tadentify risks associated witPLM implementation173. They
highlighted research from Hewefil69 who statd that failures in PLM investments are often due to
mistakes with the PLM implementation. Bokinge et al. continued by stating that an approach to avoid
PLMfailureswould be to assess the PLM solution during its implementafibey proposed that the PLM
architecture of an organisation can be correlated with PLM solution guidelines to provide positive
(agreements) and negative (conflicts) to identify risks. In their case study one of the strategies of the
organisation was to populate their PLM centre ofellence with representatives from different divisions,
which supports the enabler of a SQE#®ssfunctional PLM team. They found a positive correlation
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between theorganisationsstrategy of a PLM centre of excellence and the implementation guidelines to
Wal dAafe NIGKSNI GKIFIYy 2LIGAYAASQ yR lfaz2 G2 WFHaaia

Bokinge and Malmgvisttated that users must be educated not only on how to perform talsisalso
why [56]. In the context of ETO productds important that the stakeholders receive training italg to
the implications of their actions and neactions within the PLM environment and the interconnections
across the product artefacts and processes. The balance of training is important &aibbrad,
differentiated education programme is requiréd ensure that stakeholders are not overloaded with
information but that the structure focuses on their roles in the programme.

Within this educational programme stakeholders should be educated in what to expect from ETO
products,such ashat emerging factes are the norm, this way they can be trained to manage them. There
may be opportunities to learn from other organisations who manage signifiear@rgentchallenges,

such as from accident and emergency teami® manage their continuingmergencies

The @se study in Sectiod contained a number of new initiatives on Type 26 which are different from
previous RN shipbuilding programmes. These have been implemented to support performance
improvements across multiple functions time business, based on lessons learned from these previous
programmes. These initiatives required new information management approaches, processes and
technology to support the objectives, which necessitated additional focus on the people aspects in the
programme. This required a number of employee engagement activities including senior management
briefs and user training. The education programme comprised of a number of different approaches
depending on the needs of the individual, as showhRigure51.

INFORMATION
B X R S P D
SENIOR
LEADERSHIP
TECHNICAL '
LEADERSHIP
OUR
TEAMS

Figure51 Education delivery for different levels of the organisation
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detail onthe vision, strategy and project status with only a minimum amount of training on the processes,
information and toolsets. The technical leadership requires the same detail as senior management but

also require training on processes. Everyone who iswedoin working in the PLM environment requires

training in the aspects relevant to their needs to perform their role. The training delivery is based on each

of the relevant business processes and can either be shorttstegpep howto guides, ComputeBagd

Training courses (CBT) or classrdemhcourses for more technical aspects. To help resolve the transfer

from a previous programme into the new environment, access to the PLM environment is only provided

once the education module relevant to the rolesshbeen completed.

The success of the GCS export programme required additional training as the Australian and Canadian
customer and business unitglo not have the experience of the previous RN programmes. Therefore PLM
fundamentals which had been learntatitly on Type 26 from other RN programmes had to be introduced
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into the curriculum. This included the whole product development lifecycle from concept through to
design, build and support. There is an opportunity to improve this education approachpbnding
academic partnerships.

9.4 Technology

Theframework doesot identify technology objectives for the PLM implementation even though there
were a number of interviewees with an information management and technology (IM&T) role. The
interviewee responsetargeted information, process and people as the main objectives of PLM. These
findings reflect that technology is an enabler for PLM and not an objective in its own right, but it has
significant challenges to overcome. The level of robustness and lopgdvihe PLM technology to
ddzLILR2 NI 'y 9¢h LINPINIYYSQa t2y3 fATS @348 TheBReSY G A T
toolsets are required to be maintained over decades to support a large number of differa@gses and
volumes of information with complex interconnections. The thematic analysis demonstrated that
technologies in ETO programmes have been heavily customised and this has had a major impact on
business performance. It is critical that the techrgpjaused in ETO programmes is configurable to meet

the requirements of the business as discussed in Segtiéd.1 Configurable technology enables the
business to upgrade its toolsets quickly and efficiently to the latestioressto ensure that they are
supportable and any new vendor supplied capability can be leveraged. Rangan et al. described how early
PLM implementatioaused irhouse developed PLM toolsets meaning that ownership resides with the
business. They recommendédht COTS PLM toolsets which are configurable to align with the business
process are usef3l]. Bokinge et al. stated that one of the strategies for a PLM architecture in an
organisation they used for a case study, was to minimise customisHtikgh. The findings from this
research demonstrate that moving to COTS PLM toolsets on its own will not stop PLM technology
customisation. The examples discussed in Secitié.1 describedhow COTS PLM technology was
customised to meet the needs of the programme, resulting in significanttkenng impact to the business.

Any configuration of the PLM technology must be carefully governed and approved only then t
requirements are understood, validated and meets the business objectives, this can be managed by the
crossfunctional PLM team.

Toolset development must focus business objectives, priorities and ease of use to ensure technology and
process complexitysireduced, as discussed in Sectfo6.4.3 The PLM technology must be able to be
configured to deliver these business requirements, such as toolset integration to improve data quality as
discussed in the case study in Sectlmd. Not all of these requirements can be delivered through
configuring the toolset. The thematic analysis in seciioi1.2found that the integration of CAD and

PDM was identified as a significasgue in ETO programmes. An example is with the case study described
in Sectiorb.4where the requirement was to integrate data, processes and technology. This required CAD
and PDM integration between two toolsets which did hatve this functionality OOTB. The organisation
could have chosen to customise an interface but this would have resulted in significant overhead and risk
to the business, as discussed in the technology challehgeeating a system of systems through el
integrationand rationalisatiorin Sectior/.5.4.3 Asthe CAD and PDM toolsethere not designed to be
integrated the ETO organisation used its influence to convince the CAD and PDM providers to develop
OOTB functionalityThe persuasive factors on the toolset providers were not only the size of the
programme and the revenue it provided, but also that the integration would result in a commercial
advantage for the technology companies in the GCS export bids and future Bg@nmmes. This
approach was successful with an OOTB CAD/PDM integration delivered. dsdotw lifecyclethe
CAD/PDM integration was not required until the detail design phafsthe ETO NPDallowing the
technology providers time to develop and implent the integration.

Due to the size and longevity of ETO programmes the businesses will have significant influence over the
PLM toolset companies to provide supportable OOTB capability, aligned with a long term development
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plan, to embed required functimlity within theirCOTSoftwareli 2 YSSiG G KS LINPINI YYSQa
the interfaces are across toolsets with different providers, consideration should be given to thHetong

technology strategy to either replace the toolset/s or a guarantee that coraimkeagreements will be in

place to ensure that the vendors work together to the agreed development plan. This was the approach
undertaken byType 26 as described in Sectibrl. The CAD and PDM applications are provided by

different companiesvho undertook a commercial agreement to integrate their produ@sheubeét al.

argued that the implementation of PLM technology must be hamband with the business change

approach [158], which is consisint with the findings from this research, but the relationships should be

between all aspects of the business including vision, strategy, information and process as well as people

and technology.

The technology enabler to integrate information through et rationalisation, as discussed in Section
7.6.4.2 will result in a reduced numbers of Pidsdlsetsto support more processes than ever before. This
will result in a smaller technology footprint in the ETO programme bttt thie consequence thahese
systemswill have more information, greater user interaction and increased volume of information
exchangedetween the toolsets with the result of a greater burden on the technology interfaces. To
ensure the information integttéon can be supported the IT architecture must be improved in parallel with
the greater burden on the smaller number of PLM toolsess discussed in Sectiadh6.4.4 Figure52
illustrates the IT architeare improvements required as the PLM system of systems is rationalised and
integrated.

IT architecture
improvements

Time

Figure52IT architecture improvements as PLM technology is integrated and rationalised

9.5 Research methodology

The research has relied onpetts in the field of ETO products who have an interest in the successful
implementation of PLMo generateand evaluatethe findings, which was directed by the research
methodology. The methodologywhich explainedthe methods to conduct the research, supp the
determination of the results and ensure it can be repeated by athierdescribed in Sectiod.
Understandinghe philosophicaperspectivef the researcherinrelationto the research problenwas
important asit supported the choice of the tools and techniques used to determinadlearchresults.
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The ontologicaperspectiveabout the nature ofeality based on theNBS & S | Ma&lié&sSndyalues was
identified as being relativisnThe reason forK A &8 RSGOSNXYAYI GA2Y 61 & RdzS G2
there are many truths dependant on the actors in the environm@intith, meaning and knowledgkead

to bedeterminedfrom these many truthsThiswascapturedby identifyingpatterns in the resultsThese
patternswere evidencedo ensure that theywvere correct and not contaminated withntruths or poorly
evidenced factsTheywere clearlyexplained so that the resultsouldbe repeatedby others. The choice

of thematicanalysisand theNVivoqualitative analysis tool softwart determine theresearchresults

was based on a need tdentify these patterns in theesearchresults. The raw data used to determine

the patterns is contained iAppendix Cwhich suppors the audt trail for the creation of the meaning.

The raw data was combined into common themes to generate the findings.

The epistemological perspective reflects the way to inquire into the theory of knowledge and justification,

and its relationship to beliefs amaptions. The epistemological perspective of subjectivism was identified

RdzS (G2 G4KS NBaSINOKSNRa o0StAST GKFdG gAGKAY GKS O
that interaction with experts in the field of PLM will identify meaning altimately the research findings.

The ontological and epistemologigedrspective®f relativismand subjectivism directed the methodology
perspective agjualitative, as this supported the interaction with the actors in the fiefdPLMto identify

the meaning,truth and knowledgeThe basic belief system, or paradigm, based on these perspectives
wasdzi SR G2 dzy RSNEGF YR G(GKS NB &SI NOKSiNErgretvdhmssine 2 T G F
researcherbelieves thatknowledge or meaning can be gad from the SE LIS NI Q& A y i S NLINE
situation, i.e. the subjective experience of experts in the field of PLM in ETO prodlimtsresearch
approachbased on theseperspectivesidentified participatory action research as it supported the
interactionwith these experts.

The experts were identified from a number of Efr@anisationdut the majority were from thenaritime
sector, due tothe motivation for the researctvasto support business transformation within BAE Systems
Naval Ships. Type 26 wasisenas a case study as it provided a unigpgortunityto undertake research

in an NPD ETQ@roductover more thareightyears. Using six sigma DMEDI provided a structure not only
to undertake the research but also &ssistwith planning ando communicag progress. DMEDI identified
that capturingthe voice of the customenon a PLM implementation was important. It provided the HOQ
tool to relate the voice of the customer, in other words tdemanded quality improvementyith the
functionalrequirements tomeet theidentified improvement. The case study provided an opportunity to
discuss the redife PLM implementation with the findings from the research. This provided grektety

to the enablers provided in the framework.

Thesemistructuredinterviewprocess and the subsequent analysis in NVivo to generate the thesares
undertaken over approximateljwo years. The effort required to generate the themes provided the
evidence of truthfulness as each theme can be traced back to the key points iné¢nédentresponses
This alsassistedwith describing each of the themes in SectibasNVivoenabled the collation of the
key points within each of the themes, illsistratedin Figure22in Sectior6.5. This als@ssisted with the
discussion between the castudy and the enablethemesin the frameworkby linking theidentified
gualityimprovementsin Sectiorb with the themes described in Siean 7

9.6 Summary

This section discussed tfrmamework described iection? in relation to the research problem described

in Sectior? and the requirements identified irhe Type 26 GCS case study in Se&idine structure of

this section focugdon each of the categories of informatigorocess, people and technology. The section
described how quality was improved through integration of kelRechnology elements. The case study
requirements highlighted the importance of the integration between CAD and PDM and the thematic
analysis described how the lack of integration can significantly impacted information quality. This
integration will requre improved IT architecture to ensure that the rationalisation within the PLM systems
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of systems will be supported. This is with the greater user interaction in the reduced number of toolsets
and also the volumes of information passing across the intega€he importance of the relationships
between BoM, maturity, change and configuration management was discussed including when
information should be published across the interfaces due to the challenges of emergent product
development behaviours in ETQopiucts. The stability of information to enable downstream activities to

be undertaken was discussed, examples were provided using the case study where engineering
information is used by personnel from various business functions undertaking numerousiexctioit
support the programmewith no prototype to remove errors. The lifecycle of a FOC NPD Naval Ship was
presented including configuration stage gates and their relationship to more detailed maturity checks
across multipledesign zones. Scenarios wererqvided demonstrating how change affected the
information across the lifecycle and the resultant impact to the programme schedule. These challenges
can be mitigated using the findings from the thematic analysis including information enablers for policies
and organisation on integration, quality, maturignd changend configuration management.

The importance of reducing the complexity of processes was discussed and that a cross functional PLM
team will provide process ownership, development, standardisati FE and adherence. Governance is
also required to ensure that processes do not become overly complex and are fit for purpose. The
importance of mandating processes across the programme both internally and externally to the
organisation was also discesk The success of the case study in the export market further supports these
enablers as information and process management must be extended to manage export, IP and security
considerations across the countries.

The section discussed the importanceeofuring that the people elements of PLM implementation are
managed. This included providing continuing evidence to the senior management team that the PLM
implementation is providing value. Business change management was highlighted as being important as
was ensuring that the personnel are educated appropriately due to the large number affected by a PLM
implementation. This can be supported by a cross functional PLM team representing the various business
functions. The case study provided examples of nesments which differ from previous shipbuilding
programmes and that these required training and engagement, but the level of engagement will depend
on the role the person is undertaking.

Technology was highlighted as being an enabler but not an objentit® own right. The importance of
longevity of the PLM systems of systems was discussed including the importance of being able to
configure the technology to perform the functionality required by the various stakeholders. This
configuration would assiswith avoiding the customisation of the toolsets which would have a major
impact on the supporting and upgrading the technologyy development of the PLM technology,
including configuration, should be based on business priorities and ensure that theyrsappduction

in process complexity. Changing major PLM toolsets such as CAD and PDM was discussed as being
significantly challenging on ETO programmes due to the complicated design and its significant volume,
therefore the technology must be able to bapport the ETO NPD througjfe. The rationalisation of the
toolsets was identified as an enabler to information integration. This rationalisation results in a small PLM
system of systems but will require improved interfaces and an enhanced IT arcletethase interfaces

will be required to support improved information quality, such as CAD and PDM integration. The large
volumes of information within a smaller number of PLM toolsets requires improved IT architecture to
support an increased number of usireraction in a smaller number of toolsets, and the increased
volume of information across the interfaces in these integrated toolsEable14 shows whether the
enablers described in the framework have a stranggderate, and wealor no enablement to overcoming

the PLM challenges described in Secfion
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PLM Challenges
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Develop policies to capture what information is required
S -y : 3 3 3 3 212
and how it will be used within an evolving complex produ
PLM information integrationpolicy development,
standardisation, learning from experience and adherence
: . . e ) : 3 2 3 3 213
using suitable expertise within a dedicated cross function
team.
Develop data quality and governance policy and adheren
2 2 2 3 3|2
approach.
Develop configurabn and change management approach
) 3 3 3 3 312
across ETO product classes and variants.
PLM business process ownership, development,
standardisation, learning from experience and adherenceg 2 2 2 2 2|3
using suitable expertise within a dedicated functional tea
Guidelines and governance over process complexity to
X 3 2 3 3 312
ensure they are simple and useable.
Mandate utilisation of PLM processes internally, to partng
: 2 3 3 3 213
and the supply chain.
Provide continuing evidence of benefits to senior
management to enable support and maintain PLM 3 3 3 3 3| 3
sponsorship.
Develop and implement a comprehensive business chan
o 3 3 3 3 313
initiative on PLM.
Develop and implement a cross functional PLM educatior
programme embedded within the core busingsasining 3 3 3 3 3|3
programmes emphasising core values and objectives.
Develop PLM objectives, education approach and suppo
the business using suitable expertise within a dedicated 3 3 3 3 3| 3
cross functional team.
Identify and implement configable PLM toolsets with
o o 2 2 2 3 213
minimal customisation.
Dn_ve m_tegranon and information through toolset 5 5 2 3 5| 3
rationalisation.
Focus on toolset development on business objectives,
priorities and ease of use to reduce complexity of 2 2 2 3 2|3
technology ad processes.
Implement IT architecture improvements to support new
- 2 2 2 3 313
PLM capability and ensure toolset performance.
0 Not an enabler
1 Weak enablement
2 Moderate enablement
3 Strong enablement

Tablel4 Framework enablers related to PLM challenges
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The research methodology was discussed including the importance of experts to generate and evaluate
the findings. These experts were primarily from the maritime sector across international ETO
organisatias which supported the motivation for business transformation in BAE Systems Naval Ships.
The importance of ensuring that the truth, meaning and knowledge can be established was discussed.
The use of thematic analysis to provide the audit trail of howtkieenes were created was used to show

how patterns in the results were established and the knowledge created. Using DMEDI as the research
design supported the relationship between the knowledge gained from the experts and its relationship
to in a real word PLM implementation on the Type 26 GCS.
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10Conclusion

The research presented within this thesidhe first ever framework for implementinBLMwithin high
valueETOprogrammes. PLM implementation is extremely challenging and expensive with $29:9 billi
being invested globally in PLM in 2011 of which $19.1 billion (64%) of that was tectology
applications themselves. The need for adopting advanced programme management techniques, of which
PLM forms a key component, is illustrated by 65% of 36f@ets with a budget bigger than $1B failing to
meet their objectives, whether isisafety, cost, schedule or realising the primary function of the product.
When implementing PLM, the organisation should first understand its strategic objectives and core
processes and use this to decide on the PLM approach which should influence thiedhndlogy
implementation. This is not trivial as the alignment of business objectives, process and functionality is one
of the key challenges to PLM implementation andnsarea that the PLMechnologyprovidershave
difficulty in resolving. This research addresses these and other challenges by developing a PLM
implementation framework. This research hiauenced theBAE Systems Naval Ships Ripdroachfor

the designpuild and inrservice support for th&Ohew generation Royal Navy vessel, the Typ&25.

The PLM approach was also used as adif#srentiator in the successful competitive export bids for the
Australian Hunter Cladgrigateand the CanadiasurfaceCambatant, both of which are variants of the

Type 26 refeence designPLM is critical to the success of the GCS as it is required to ensure that the
design information for variantis managedeffectively.

10.1Scope and research problem identification

The reseach describes theneed for thedevelopment ofa framework with which to implemeri?LMon

ETO products Sectiond and?2. The significant contribution to knowledge thereforeAsframework to
support the implementation of Product Lifecycle Management (PLM) on Engineer to Order (ETO)
products The thesiglescribesthe unique challenges of ETO products and why a specific approach to PLM
is required, compared to other product types.

The research discussed the related literature on PLM focusing on the key differences to PLM
implementation on ETO products comparison to other product typesich aATO, AT&8nhdMTS and

used this to provide an overview of the PLM related challenges Of igdducts. These key challenges
were identified as

Complexity and uncertainty

Customer interaction and procurement

Product customisation

Bill of Materia) configuration, change and maturity management
Project managementand,

No physical prototype

= =4 =4 -4 A =9

Research on PLM implementation is relatively young but there is guidance from a number of authors and
researchers in the field of PLM. The PLM challenges with ETO compared to other product types provided
the context with which to identify what literature iavailable to determine the gap in knowledge and with
which to address the research problem.

10.2Review of literature relating to PLM implementation on ETO
products

The review and critique of the literaturen PLMrelating to thekey challengesvith ETO prodcts
demonstrated the gap in knowledgeith respect to approaches foPLM implementationon ETO
products; these are discussed in Secti@ The literature provided information on PLM including
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implementation guidance but wastber generic or not viable. The context of PLM implementation was
established as being critical necessitating a framework which will provide guidance on the appropriate
product type and or industry. A framework in the context of PLM implementation on EddDgts does

not exist and is required due to the proven difficulties with cost and schedule overruns on these
programmes.

10.3Research methodology

The research methodologyescribed in Sectiod influenced the research approacinciuding the three

YIAY LKAf2a2LKAONE LISNALISOGAGSAE FTNRY | NBaSkNOKSH
Epistemology and Methodology. The importance of understanding these perspecéimdsmaking
appropriate choicesyas to ensurghat the research outcome was based on the appropriate philosophical
position. As the knowledge for a PLM framework on ETO prodsigisssessed bgxperts in the field,
relativism was identified as the most appropriateproachas there are many truths which adependent

on the actors in the environment. The epistemological perspective identified was subjectivism as the
research perspective is that there are only subjective truéimgl it is interaction with the experts in the

field of PLM on ETO products that-ceeate the meaning and ultimately the findings. The methodology
perspective identified for this research is qualitative and was determined by the ontological perspective

of relativism and the epistemological perspective of subjectivism due to the interawaiith experts in

the field of PLM in ETO products. The paradigm identified for this research was interpretivism, which
FdadzySa GKIFIG (1y26f SRIS 2N YSIyAy3d Oy o6S 3IFAYSR
situation; the real world of firsperson, subjective experience of those experts in the field of PLM in ETO
products. Participatory action research was used as the reseguoivach ast supports interaction with

experts in the field of PLM in ETO products. The research strategy wagshusimess transformation

within BAE Systems Naval Ships as the motivation and the Type 26 Global Combat Ship as the case study
to support the research approach. The longitudinal tilime was chosen as the time horizon for the
research as the case studggign, data capture, framework development and evaluation was undertaken

over aneightyear period through the lifecycle of Type 26. The research design of using six sigma was used
as a proven formalised structutbat provided a set of toolsusingSix jmaDMED]which enabled the
development ofthe PLM implementation framework for ETO products.

Based on this research methodolggye framework was developed using a qualitative methodology from

on the analysis of 27 sersiructured interviews, and pilot interview. The participants were senior
personnel from 1 ETO organisations in the UK, France, Australia, USA and Canada. The interviewees were
selected based on their relationship with PLM in ETO products either as an implementer or as a key
stakeholdemwith an interest in its successful use within their organisation

Thematic analysis of the interviews was used to develop the framework which provided objectives,
challenges and enablers for information, process, people and technology to support theneméion

of PLM on ETO products. Each theme generated in the framework was supportethbinterview
responses and references to literature where availapl® ensure that the findings were triangulated
across multiple sources. The interviewees wetsrrETO organisations across the UK, France, Australia,
USA and Canada to ensure that the framework has a global relevance.

10.4 Definition of requirements for a PLM strategy for an new
generation Royal Navy product
The research design using DMEDI as showvagirel 1, and describedn Sectiord.3, uses theMeasure
phase to define the requirements and its relationship to the research probldms. requiresapturing
0KS W@2A0S 2acFdefinekite Wiicdicistred iediremen8® ¢ KS  Ntiaf thefeA 2 y 4 KA |
requirements have to the research problem is that it supports the discussion of the framework with actual
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PLM ETO customer needs. This enables the PLM implemenfatiorework to be related to tke
requirements and discussddr improved understandingThe Type 26 GCS was used as the case study to
form these requirement@and are described in Sectidn The requirements were used to develop the
guality characteristicio meet these requirements, i.e. how PLM will meet the requirements.

When comparinghe requirements to the PLM objectives in the framework they show that the customer
has specific needsithin the wider PLM objectives. Theaee needs which areegquired tobe developed
from an existing or newLMarchitecture Therefore these requirements would not form the totality of
ETO PLM implementation requirements as described infidwmework objectives in Sectio7.4. This
being the cas, thecasestudy requirementsvill support a discussion on actual customer needspecific
PLM topicsn a readllife product. As the requirements and the #oe PLM environment were used to
develop the PLM strategy to support Type 26, these can be usegldte the framework findings with
examples from the case study to stohow the requirements can be &h and to improve the
understanding of PLM implementation on ETO products.

10.5Description of data capture and analysis approaches

The research design usiDiMEDIas discussed in Sectidn3 uses the Explore phase for the creation of
high level design concept&ection6 described the data capture and analysis approach and howviis
used to constructhe framework for the implementation of PLM on ETO produ@ise importance of
engaging withexpertsin the field of PLM wasgstablishedthrough the philosophicalperspective as
described in Sectiod.1. The ontological perspége of relativism meansthat there are many truths
dependant on the experts in the PLM environment. This coupled with the epistemological perspective of
subjectivism means that these trutlase subjective and can only be established through interactidh wi
these expertdollowed by thorough analysiSTherefore the interaction with these expeffisllowed by
analysiswas important asallowed the determination of the truths to create the framework for the
implementation of PLM on ETO products. The use of-sttucturedinterviews was used toapturethe
data to enablethe analysis ¢ create the frameworkAs the interview questionselated to PLM
implementation objectives, challenges ardablersthis supported the development of the high level
design concepof the framework.

Once theexpertswere selectedthe semistructured interviews were undertaken, and the key points
transcribed They were thenimported ino the NVivo software tool to supportanalysis This analysis
enabled the subjective data to beamnsformed into truths. To ensure this approach was effective and that
the results are correctthematic analysiswas chosenThis enabled codification and identification of
common themes from the interview responséisalso enabld repeatabilityto suppot further research
and to demonstrate that otheywould createthe same results.

A further benefit of NVivoand thematicanalysids that it suppors the referencing of the themes to the
raw data in the transcribed interview keyoints in Appendix BThis enabld an audit trail from the
findings back to the raw data, supporting trustfulnei$slso supported the development of Section 7 as
the codes used taevelopthe themes,andthe raw data from thanterview key points, were related in
NVivoand easilyrepresented throughthe software tool. The transcribing and coding in NVivo took
significant effortbut this was worthwhile due to the benefits for developing the framework, writing the
thesis and also to demonstrate that elust approach had been followed.

10.6 Development of the framework

The development of thédrameworkwas described in Sectionwhich was primarily derived from the
analysiof the interviewresponsesn NVivo but vasalsosupportedby literature whereappropriate The
codes and themes developed in NVivo enabled the groupimgterview responses allowinthe related
key points from the interviews to be described. To provideaadit trail to support the truthfulnes of
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the findings each key point waeferencedto the transcribedresponsedn Appendix BTheresultsof this

preparationsupporied the developmentof the findings in Sectiorfias each theme anctlated key points
could be easily identified and described. Due to shustantialinformation providedthrough the key
points from the interviews and its importance in developing tHeamework Section 7 § the most
extensive in the thesis.

The themedorm the framework and are grouped based on whether the interview question related to
an objective, challenge @nabler This was t@nsure that the context andtructure of the framework
was easy tainderstand A further enhancement to thirameworkstructure wasidentified through the
use of enterprise architecture. EA isveell-establishedmethodology to improve the creation of
informationto describethe strategy, objectives processes and technology of a busindisalso supports

the transition fror | y-A &0 aG@S QG SWIA NP Y YSY(d o6& AYLNRGAY3 (GKS

environment and therefore aiding in the business change activity. To improve the structure and
understanding of the framewotlEA influenced the grouping of themes to includgextives, challenges
and enablers within information, people, process and technology.

When viewing thdrameworkand reading Sectiorithere is a number ofiotableaspects:

1 There are no technology objective®n analysis thigvas a surprisingesult, but when taken in
context that the PLM implementation is to support the NPD of ETO prodnctaot to provide
technology for its own sak then this providesupport to thisfinding.

1 Thesingleprocesschallengewas \reating poocesses that meet business objectives and are not
overly complicated2 The conclusiodrawn from thisfinding is that processes amasilycreated
but are difficult to implement without beingoverly complicated. The finding sheathat
complicated processesre often translated into equally complicated electronic workflows which
can significantly impact business performance as they are difficuib¢terstand andalter mid-
flow.

1 The people challenges are the most significaiithe findings show that the grest challenge
with PLM implementation on ETO products relates to people. This unsurprisingly resulted in the
enablers section for people requiring various initiatives to overcome these challenges.

10.7 Evaluation

The framework was evaluated initially thoughepenting the framework to gauge feedback on its
structure and contentThis feedback was positive with the main point to change the improvements
heading to enablers to better describe étsn. To ensurehat the structure of the framework aligned with
the development of the thesis described in Sectihnhe headings were changed from improvements to
enablers.

The main evaluation used gquestionnaires to ask selected participants from ETO products for their opinion
on statementsrelated to the framework. These participants were selected from multiple ETO
organisations basedn their relationship with PLM in ETO products either as an implementer or as a key
stakeholder with an interest in its successful use within their organisatio

The questionnaire responses supported the value of the framework for the implementation of PLM on
ETO products. The Industrial use of the framework themes in an ETO product also demonstrated its value,
as findings from the research were used by BAEeBsto input into the Naval Ships PLM strategy. This
enabled the PLM strategy to meet the related objectives on the Type 26 programme but also to establish
PLM as key differentiator in the successful multi £B export contracts for Australia and Canada.

The flexibility and scalability of the framework was identified as being importambugh the semi
structured interviews and with the evaluation questionnaireBhe interviewees highlighted the
importance of being able to pick and choose what element of taméwork they wished to target. This
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would enable them to focus on areas which were a priority in their current lifecycle, or was identified a
problem area within the organisation. An example of the frameworks flexibility is with the GCS
programmes as spéic themes have been identified as business priorities and included in the BAE
Systems Naval Ships PLM strategy. This has contributed to the success of the PLM approach on Type 26
but also the export wins on Canada and Austrdlize evaluatiomjuestionnaresprovided evidence as to

the value of the framework for the implementation of PLM on ETO products.

10.8Discussion

The case studydemonstratedthat the flow of the BoM digital thread from CAD to PDM to ER®
challenging on ETO productBhis igdue to thelarge volumes of information whictonstantlychanges
due to evolving maturity or product changéhe timing of applyingonfigurationcontrol, and to what
BoM objects is important. Too earlyand on too many object typeshen the programme hashe
admingtrative burdenof managingchange tasks to large volumes of information. If configuration control
is applied too latethen there is a risk of quality issues and rework throughoutpgheduct lifecycle as
downstream consumes will be usingout of date inbrmation, such asfter the EBOM iselatedto the
MBOM for digital plannings described in the case study requirementSectiorb.

Understanding what objects will be used, by whomdawhen will assist with determining the
configuration and change approach. This understanding caach&vedusinga crossfunctional SQEP
team as they carndentify andcommunicatetheir needs. This team will also be able to moeadily
determinewhat problems may arisesuch as with togreata level of detail in the BoM. They can also
determine theoptimum point for progressiveonfigurationcontrol in the lifecycle For examplgit may

be optimumto baseline the system design early in the prograniifieeycle but the detailed design in the
CAD model can wailintil later, such as when the design has greater maturity and is therefore less likely
to have large volumes of changéhere is also an opportunity to delay the start of detailed 3D CAD
modellinguntil later in the ETdifecycleto mitigatethe impact due tachangesn the system design. This
requires further researctue to the potential impact on the programme schedule detay;this may be
balanced by the reduction on the schedule to change in the CAD model.

The crosg$unctional team can ensure that the processes developed to support PLM are useable and not
overlycomplicated They can alsassiswith the business changgitiative and the education programme.
There is potentiafor exploiting existing Universitycourses to enhancéheir relationshipto PLM and
introduceuse cases related to ETO products.

PLM implementatiorguidelinessuch as those identifiey Bokinge and Malmqvigit6] have related
findings to the those identified from this research, but the context of ETO products is impoftare
areopportunitiesto enhance the PLM framework for ETO products with those generic findings from other
researchersAspects such as those relatedriskmanagemenbr people can be generic compared to the
information challenges on different product typehis can providevaluable enhancements to the ETO
PLM implementation framework.

Theselectionof technology has particular challenges for ETO products and fugkearchs required to
ensure that the criteria for PLM technology selectionludes the need fotongevity, integration and
configuration as opposed to customisation.

10.9Research limitations and need for further research

This research has been undertaken on multi £B ETO programmes relating to PLM. Due to the scale of
these programmes it is not possilite describe 8 the detail required to successfully implement PLM on
ETO products. The framework provides guidance and this can be augmented to assist in the successful
implementation of PLM on ETO producthe thesis described the themes and their relationship to the
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ETCPLM challengdsut there arefurther opportunities Due to thescale of ETO products furthessearch
would require appropriate planning and resource to support. This could be provided by academia at the
appropriate level, such as Doctorate or Mastkengel projects supported by industrial sponsorship.

The results are bounded by the experts interviewaat the complexity oPLM on ETO products provides

a limit to the individuals who could describe the objectives, challenges and enafleesresearb was
conducted primarily within a naval slsipontextbut the framework could be usedn other industrial
megaprojects. The research was completed ovemae year period which aligns with the required
timescales of PLM implementation on ETO productspide this long timescale for PhD researte
journey is notcomplete;in order to fully leverage the benefits there is a need to continue. This research
has taken a major step towards addrgggsthe problemof PLM implementation on ETO produchbsit it

is the first stepThere are dirther research opportunitieto improve the implementation of PLM on ETO
products, including:

1 Linking the themes in the objectives, challenges and enablers of the framework but maintaining
the flexibility for prioritisation and targeting emergent challengesThere are relationships
across the themes in the framework which could be researched to provide additional guidance
across the objectiveschallenges and enabie across information, process, people and
technology.

91 Developng the framework into an electronic format to allow the selection of a theme and have
the detail presented.There is considerable detail in this thesis which can be entered into a
software application for easier interrogation. This could be enhancecctade the relationships
across the themes in the framework.

9 Utilisation of the framework in the architectural, engineering and construction (AEC) industry
The framework can be utilised in other largeale complex industries such as AEC. The literature
identified that PLM is immature in the AEC industry and that PLM learning can be leveraged from
other industries.

1 Using technology to automatically identify interconnections between product artefacts, to
assist with change management impact assessmértismay require artificial intelligence but
the research would provide value to assist in understanding the interconnections and impact of
change or other design decisions.

1 Investigation of the appropriate points in the design lifecycle for configuration tah. The
review lifecycle and the timing of baselining the design into configuration control is an
opportunity for further research. The balance of moving configuration control to later in the
lifecycle against the impact on downstream activities is negliio be understood in more detail.

1 Problem management and processes improvements from organisations who deal with
emergent and significant challenge€ther organisations such as the accident and emergency
departments or medical retrieval services deathaemergent challenges every day. There is an
opportunity for ETO organisations to learn from these services.

1 ETO focused education improvements through partnerships with UniversitiBaproving
academic relationships can assist with further developnodiihe framework. An example is with
the analysis and relationship development of the framework themes. Another is with developing
training programmes to assist with education and business change.

1 Industry 4.0 and the implication of the internet of thingsThis will have an impact on PLM
implementation on ETO products which is required to be understood to ensure impact can be
reduced and potential benefits captured and leagzd.

T 5S@St2L) Yt L QA& peif@mantcédf thelALBI implénientation.This will assist in
capturing and communicating the benefits of the PLM implementation to the senior management
team and other stakeholders to ensure continuing support.
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1 Delay the detailed design in the CAD model natigate the impact of changeThe impact of
chargesin the system design on detailed desigrsignificant. Thisay bemitigatedby delaying
the start of detailed design until the system design is stalfletther research is required to
understand the balance between delays with commencing detaileijdewith the impact on
the schedule due to change in the CAD model.

1 Enhancehe ETO PLNmplementation framework with guidance from otheresearchersThe
context of PLM implementation has been established as being important, but there are
opportunitiesto enhance the ETO PLismeworkwith guidance from otheresearchers

91 Develop criteria for PLM technology selection on Ep@ducts Further research is required to
investigate current IT technology selection and augment with those requirements for ETO
products, such as longevity, integration and configuration as opposed to customisation.
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Appendix A Overview of research

INCLUDE THE APPROPRIATE COMPANY AND NATIONAL SECURITY MARKINGS (IF REQRHEDINCE CAN BE FOUND! 1

Product Lifecycle Management (PLM)Implementation on Engineer to
Order (ETO) Products

* What is PLM?
“"PLM is a product centric business model which is supported by Information Management Technology across the

entirety of a product’s lifecycle, involving people, information, processes and organisations in order to achieve a
product performance objective”

« What are ETO Products?

“Engineer to Order (ETO) products can be described as those which include the following characteristics : high
capital value, large-scale, complex, long design and build lifecycle, long in-service life, no prototype, highly
customised, few or one off”

» What is the aim of the research?
"Develop a framework for the implementation on PLM on ETO products to meet business objectives”

INCLUDE THE APPROPRIATE BAE SYSTEMS COMPANY MARKING (IF REQUIRED) GUIDANCE CAN BEFOUND
Include the pppl pygmg nd. Include appropriate trademark legends (i required). Guidance can be found BAE SYSTEMS
n use)
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207



INCLUDE THE APPROPRIATE COMPANY AND NATIONAL SECURITY MARKINGS (IF REQRHEINCE CAN BE FOUND! 2

PLM Implementation on Engineer to Order Products

Challenges- Complexity and Uncertainty
Multiple elements with varying complexity (10,000’s procured equipment parts from valves to complex radar)
A high degree of synergy, sum is greater than the parts, designed to be a system of systems
Parts are designed to be interdependent (e.g. too few ATU’s, Radar overheats, navigation system fails)
A change in a system can produce an effect not proportional to its size, small changes have large effect,
increase in wild head, HVAC system fails other systems fail
Highly customised first time design/build, difficult to predict issues resulting in emergent challenges

The more complex an environment the more difficult it is to understand all of the interconnections

o
o

Costs incurred

~
o

/

| Management o desin sues sty hazars st Desn nteqraion |
Output to Production
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Percentage of costs committed
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(see final slide for restrictions on use) INSPIRED WORK
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INCLUDE THE APPROPRIATE COMPANY AND NATIONAL SECURITY MARKINGS (IF REQRHEINCE CAN BE FOUND! 3

PLM Implementation on Engineer to Order Products
Challengesi Customer interaction and procurement
Delivery lead time longer than other product types
The long lead times require a customer commitment earlier than other product types
In ETO products the customer commits to the order early in the products lifecycle
Customer has significant input into the specification, design, manufacture and procurement strategies

Therefore the design is immature when the order is placed

o Do Do Do Do I»

The design is based on the flow of information from supply chain based on requirements

Short lead-time
Medium lead-time procurement,
Concept&  Longlead-ti p design& &
g p & design

Degree of Customisation

High

Hi;;h Degree of Complexity Low

Customer Commitment Point

INCLUDE THE APPROPRIATE BAE SYSTEMS COMPANY MARKING (IF REQUIRED). GUIDANCE CAN BE FOUND
Include the appropriate copyright legend. Include appropriate trademark legends (if required). Guidance can be found BAE SYSTEMS

(see final slide for restrictions on use) INSPIRED WORK
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INCLUDE THE APPROPRIATE COMPANY AND NATIONAL SECURITY MARKINGS (IF REQRHEINCE CAN BE FOUND! 4

PLM Implementation on Engineer to Order Products
Challengesi Highly customised, few off

Low volume, highly complex, high cost
High levels of risk and increased cost due to longer lead times
Unique set of requirements resulting in bespoke design systems varying in complexity

Close interaction with suppliers to integrate bespoke designs

IS T P P

Sporadic data drops from suppliers which require integration with knock on effects to other
systems

A Requires careful contract management

INCLUDE THE APPROPRIATE BAE SYSTEMS COMPANY MARKING (IF REQUIRED). GUIDANCE CAN BE FOUND
Include the appropriate copyright legend. Include appropriate trademark legends (if required). Guidance can be found BAE SYSTEMS
|
(see final slide for restrictions on use) INSPIRED WORK
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INCLUDE THE APPROPRIATE COMPANY AND NATIONAL SECURITY MARKINGS (IF REQRHEINCE CAN BE FOUND! 5

PLM Implementation on Engineer to Order Products
Challenges- BoM, Configuration, Change and Maturity Management

Significant product information management to ensure desigh meets ongoing customer needs
ETO products have evolving design which requires management across thelifecycle

Emerging patterns have to be captured, managed and integrated into the product

Maturity management of information used to progress the design is critical

Manufacturing begins before design is fully mature

Changesneed to be captured, their impact to the design, build and cost/schedule understood

Do Po Do Do Do Do Do

The design configuration must be managed, baselined and integrated with the change process

INCLUDE THE APPROPRIATE BAE SYSTEMS COMPANY MARKING (IF REQUIRED). GUIDANCE CAN BE FOUND
Include the appropriate copyright legend. Include appropriate trademark legends (if required). Guidance can be found BAE SYSTEMS

(see final slide for restrictions on use) INSPIRED WORK
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INCLUDE THE APPROPRIATE COMPANY AND NATIONAL SECURITY MARKINGS (IF REQRHEINCE CAN BE FOUND! 6

PLM Implementation on Engineer to Order Products
Challengesi Project Management

Complexity and emerging patterns require effective cost and schedule management
There a history of considerable cost overruns with ETO projects in civil and defence sectors

Therefore ETO products have a considerable emphasis on projectmanagement

Do Do Do D>

Cost and schedule estimations are extremely challenging early in the projects lifecycle, when
the design is immature but the customer wants a commitment to a plan and cost

A Therefore managing risk is of critical importance as the product moves for concept to a
physical representation

INCLUDE THE APPROPRIATE BAE SYSTEMS COMPANY MARKING (IF REQUIRED). GUIDANCE CAN BE FOUND
Include the appropriate copyright legend. Include appropriate trademark legends (if required). Guidance can be found BAE SYSTEMS
|
(see final slide for restrictions on use) INSPIRED WORK

212



INCLUDE THE APPROPRIATE COMPANY AND NATIONAL SECURITY MARKINGS (IF REQRHEINCE CAN BE FOUND! 7

PLM Implementation on Engineer to Order Products
Challengesi No prototype

A As there are a small number of similar products produced, it is not viable to have a prototype

A Prototyping allows for design and manufacturing problems to be identified and resolved, prior
to production of the delivered product

A ETO products have their manufacturing started before the design is fully mature and all items
procured

A A need for high quality and right first time is required as a prototype cannot be used to test
cost, schedule and quality

INCLUDE THE APPROPRIATE BAE SYSTEMS COMPANY MARKING (IF REQUIRED). GUIDANCE CAN BE FOUND
Include the appropriate copyright legend. Include appropriate trademark legends (if required). Guidance can be found BAE SYSTEMS

(see final slide for restrictions on use) INSPIRED WORK
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Appendix B Interviews

B.1 Chief Engineer - Interview 1
Interviewee
Company
Position Chief Engineer
Date 20/07/2016
Location
Time 11:00
Question
No Question Response Key points

Brief overview of research using

Intro . .
appropriate diagrams

Type 26- customer change, stakeholder change, and stakeholgpeetations
varied from a few years ago. Good example is a modification of defence stand
which resulted in a change for pipe hangers, simple area but significant issue
we've always designed for single shock but the customer changed the standa
include 2 shock incidents. Significant impact as Pipe hangers were designed K
another standard. Another example, customer wants us to include modelling f
loss of life in our design, new space for BAE Systems.

Maturity management is a key factor wiglupply chain. Can't fully maintain
maturity with supplier data, moving to cut steel with not all supplier data.
Programmes not waterfall, overlap and in parallel.

Interviewer describes the key challengeg
identified in the research and asks

Q1 interviewee of examples where he/she
has encountered them, would you add o

remove any?
People challenges, assumes everyone understands top level PLMeand

motivated to populateWhere is their reward? Consumers of data, e.g. Load d4q
as a part owner what is in it for them regarding populating data. Assume every
is bought in, but | am not always convinced.

Also, supplier alignment, they have their own systems; we can't aliggupplier
to their systems. In large volume production they can share systems. We wou
disqualify our suppliers if they were dependency on tisky and not viable

What are the typical key business
Q2 objectives which you require a PLM
environment b support?

Maturity, raised in every discussion regarding the programme by senior
management.
Change management and volume of change

Our understanding has advanced since type 45 significantly

Write once use mansingle point otruth; source everything from our PLM
environment. Informing modelling, stage 1. Massive step change but better.
Consistent than correct

Q3 Describe your current PLM architecture
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Describe the typical challenges you

People. Getting them bought iexpectations of what they need to do, whether
supply chain, part owner, system owner etc. Ensuring that 1000 people under:

Q4 experienced with utilising PLM? maturity management, taken 2 years and we're still not there. Comms and
Training. It is the language of the project, E4 maturity
People- Comms and training
What improvements would you make to { Ensure they understand benefits, what it in for people, what's in it for me.

Q5 PLM environment to ensure it meets you Ensuring better integration with syy chainjBoMdata loader, specifications for

business objectives and why? suppliers regarding maturity, disconnect. Support data, do people understand
benefit which are downstream.
Can you prioritise the improvements in

Q6 terms of business impact (use People- Going from document to data environment, significant change for peog

impact/effort matrix) Working with data and information minset for people which are not insignifican
We take it for granted
Can you prioritise the improvements in
Q7 terms of effort required (us
impact/effort matrix)
People- business change management
EDY (Engineering Developing Ytraining course) does not equip you for workin
in the programme wrt to PLM. Totallyelfjuipping an engineer to work in the
programme.
Project management, ensure engineers understand maturity and programme
management relationshipmaturity drive programme. Disconnect between supg
How could you better enable the chain and engineering. Run from central.enginegﬁowssd or‘1 engi-neers, not
Q8 ) . . Test and commissioning, not supply chain. No hierarchy which drives across 3
implementation of these improvements )
functions.
PLM organised for engineering, and perceived that way. Osmosis understand
for other functions. CME getting there, appreciation that we neebeadntegrated
cross functionally.
Scaling, can we have a light touch on RCB2 or not at all, do you need it on R
but you need it for Type 26
Investment, cost/benefit difficult to promote, e.g. data loaderommunicating
that the cost worthwhile. PLM branched out to other areas, Digital Planning, P
to ERM (supply chain). PLM branching out to other functiiided/ strategy doing
What typical challenges can you foresee| elements of it. Why should we invest in PLM once build is complete?
Q9 with transitioning from an as to a PLM | Commercial elements in the BoM, right to share BoM data for other programm
environment which incorprates your i.e. Diesel Generator might have something hidden away which we can't sharg
improvements (tebe) with export progammes.We understand ITAR now, but there are further
subtleties
Safety- | can reasonably assert tfiBoM, maturity, supplier data and single point
of truth. We can offer best endeavours as a reasonable defence if called upon
Safety mitigation in Smartés my biggest worry

Can you prioritise the challenges in term People- we assume a lot that there is integration and understanding across thd

Q10 of business impact (use impact/effort areas. Type 26 so large everyone understands their gahteoship.

matrix) Understanding needs to be appropriate, information hiding principle to ensure
they are not overloaded
Can you prioritise the challenges in term
Q11 of effort required (use impact/effort

matrix)

People
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How could you overcome difficulties

12
Q associated with these challenges
See Q8 response
Yes, we need to keep evolving, take it further, evolving with understanding an
| ing. E.g. ti turity int Iha
Would a framework assist with the earmning g |e.ma urity into supplfaain . .
iy . . Should be pictorial; you must be able to understand the picturacked up with
Q13 transition from asis to the tobe, if so . . . .
how? data. Nobody reads detail if they don't need to know, they just need appreciati
' and buyin. Suck people in using the hitgvel framework. Get an appreciation
they then look into it if interested. Like PDH
What other ETO industries would benefif _.
Q14 Oil and gas, Nuclear, HS2, space,

from a framework?
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B.2

Design Authority CAD/PLM - Interview 2

Interviewee
Company
Position
Date 16/08/2016
Location
Time 14:15
Question
No Question Response Key points
niro Brief overview of research using
appropriate diagrams
All relevant, some take as reagroduct complexity absolutely true , no brainier
Customer high riskagreed
Cause and affect diagranin IPDE we wanted a right first time, understand what
we need later
IPDEocussedn maurity, BoM change and Configuration mgmif. we done this
Interviewer describes the key challenges correctly at the left hand side then the right hand (later) will take of themselges
identified in the research and asks looking at data quality, 100% BoM, weanagematurity at decision reviews with a
Q1 interviewee of examples where he/she | proper understanding of t information we are using, so understand risk

has encountered themyould you add or
remove any?

So greatest thing is data management and having data management which we
trust and using Teamcenter as the single point of truth

Plenty of evidence in the public domain of cost and overruns in AsDAEDS5
and Optegra lack of understanding in the businessiuch better understanding
15yrs on, but PLM is still a big challenge

Successor difficult to assess costs early on, challenges to implement PLM is a
challenge even based on experience

difficult to understand PLM and how it works, don't give up

Early on when you tell people they are bought in, when you then makes mistak
then you revert back to older ways of workingspecially when you underestimatg
cost and schedulepressure on payment migones
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Q2

What are the typical key business
objectives which you require a PLM
environment to support?

Change, Configuration, maturity, BoM mgmt.,

Fundamentally it was a reduction in rework

Integrate planning with engineeringligital planning use Tearnenter to use
planning- Instead of using BoM list and drawings the planners can plan earlier
dictate when they require drawingsAstute -drawings produced, Successor has
planning lead drawings

IPDE include outputs but not a full business-end pracess bufocussedon

earlier activities production readiness

Involvement from safety, test and commissions and planning involved when th
can influence design

Q3

Describe your current PLM environment
from your perspective?

Astute - CADDS5 Optegragitis databases

Successornicer picture but pure systems and less homemadwin difference is
using COTS tools with significantly less customisastifi configuration but
through the core Teamcenter product, configure workflows as opposed to Astu
where there were customisationsAstute now difficult to support

1 big lessons learned we've tried to deploy COGT8amcenter 10.1 and Foran v 8
- both current releasesboth lynchpins with interfaces into SAP

Rational testing and toolset requirenTés

Q4

Describe the typical challenges you
experienced with utilising PLM?

phase 1- A (e@sier earlier in the project, they have all had their towal briefs
and have bought in, they want to do things earlier, enthusiastmu can make
rapid progres with a small group of people and you can communicate easier
Next phase people become disillusionedhings become hardermore
stakeholders harder to communicate then people join from other programmes
andA (alDdifferent- why do we need PLM

then hopefully people get to a point that resistance is futile for their own good
that's the stage we're at

Q5

What improvements would you make to
PLM environment to ensure it meets you
business objectives and why?

1-There is always a balanea couple of things stick outve overegged the
workflows- too complicated and prescriptiveeveryone using same process
workflows were too big, if something went wrong it was difficult to-fo we then
reengineered the workflows to make them silepand undo when requiredkeep
things simple stupid

2 - data quality- Because we are using Foranhen we found when we turned on
Teamcenter and Foran integratiethere were a lot of rejects whedata published
from Foran- there are hard and fasules tomove data over the interfacehese
shouldbe validated at sourcewe should have put mandatory codes in Foran no
let the interface deal with them

Q6

Can you prioritise the improvements in
terms of business impact (use
impact/effort matrix)

deficient data quality

Q7

Can you prioritise the improvements in
terms of effort required (use
impact/effort matrix)

data quality
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How could you better enable the

there is a get well programme but these are after thveiet - make fields
mandatory, education people need to know why quality is importanpreviously
it was the easiest way of doing drawingbere was little focus on BoMastute the
drawing was the main curreneynanual intervention

Q8 implementation of these improvements | In Successor thiacus is on the 10%BoM-now they data is more importantSubs
are now data centrie people don't understand they must work differently
previously it would be what looked like in the Model, not must be right
Teamcenter expect not a solid model haroken down to material
2 tools work differently and we keep stumbling on thinggep finding things we
should have done more about the modelling strategy
Because we have such a long product lifecypleople can't understand the whole|

What typical challenges can you foresee| integrated flow- there is less focus on downstream activities that those upfraut
Q9 with transitioning from an ags to a PLM | youfocus on those you need now, niater - you won't do it till later we build the
environmentwhich incorporates your system as we go along and discover thongs as we go along
improvements (tebe) Problems with process documentatieme rely on what is in people headthose
who operate the process work rounds then as they understand themare focus
on process development and adherence to support the PLM deployment
Can you prioritise the challenges in term
Q10 of business impact (use impact/effort
matrix) process documentation
Can you prioritise the challenges in term
Q11 of effort required(use impact/effort
matrix) process documentation
We are trying do it structure the process teamthe business guys own process
How could you overcome difficulties but they don't create them as they need to desibs- so we have created a

Q12 associated with these challenges central team, sop business own process but central team will help business to
themselves core architecture and principles that you can explain and then creg
process in the context of the flow
Yes, it ought to helpwhen we stated off at our PLM seleate had a selection
criteria with working with CIMDATAhey helped with the buyn process for our

Would a framework asst with the board we carried out a robust pcess- CIMDATA offered help but we went with
Q13 transition from asis to the tebe, if so IBM-We expected IBM to bring prescriptive process to the party but in hindsigH
how? but they were over complicated and the IBM consultancy didn't know more thal
we did- some had done PLM some had otherghat redly slowed us down was
the inexperienced peoplewe relied on the IBM framework and it didn't work
works both ways you need balanceit has to be enough to understand but not
too complicated, pitched at the right leveyou need good people.
Formula 1, not engineering to order but they were simpler in that they have 1
Qu What other ETO industries would benefit ,,q,ct 4 year innovative components, changéave a prototype but as the

from a framework?

design changes it becomes less relevarthey continually change the design of
the car so they are more similar than you think
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B.3

Engineering Director - Interview 3

Interviewee
Company
Position Engineering Director
Date 18/08/2016
Location
Time 08:00
Question No | Questin Response Key points
Intro Brief overview of research using
appropriate diagrams
Interviewer describes the key
challenges identified in the research
Q1 and asks interviewee of examples Sart of lifecycle, GPLF, trying to produce accurate estimates of engineering effor|
where he/she has encountered them| cost- variability of customer requirements
would you add or remove any? Accessing data many years lat@ransferring between cad systemsaking legacy
systems back in our products
What arethe typical key business
Q2 objectives which you require a PLM
environment to support? Capture organise and share the informatiammediate responseprime purpose
get into an org and share
product structure is important we use Windchill decomposes the produet
Q3 Describe your current PLM different views- functional view, own we end up diving the design tapkysical view
environment from your perspecti® | _ gitferent lifecycle view engineering, as we over into build and suppasame end
point
User adoption data quality which is linked to adoptiergetting peopleo use it,
4 Describe the typical challenges you | make sure its current
Q experienced with utilising PLM? Honing the system to our requirementgigantic team each a leader inetin field
We have ended up with a complex environment, we have a complex preduct
goes too slowly
alk 1S Al Y2NB TNR Sy RttoRviewr Nget ¥ lotioffeedbsicH thay
What improvements would you make| |ot of engineers time is doing admitNB 2 NA Sy G4 G KI G AdQa S|
05 to a PLM environment to ensure it info in and out our focus has been on architecting thad reducing thesystens
meets your business objectives and | such aghroughintegration- we need tofocus on usabilitysomething we want to do
why? other than have to do
Use earlier in the lifecycledirection of project moves more repaid too heavy weigl
- needs to be scalable in processes and control
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Can you prioritise the improvements

Q6 . . .
in terms of lusiness impact ]
Focus on high value use of PLM
Q7 Can you prioritise the improvements
in terms of effort required
Focus on high value use of PLM
How could you better enable the
Q8 implementation of these
improvements More strategic on where the impromeents are- take stock and home in one area
What typical challenges can you
foresee with transitioning from an as
Q9 is to a PLM environment which
incorporates your improvements (fo | Drives customisation
be) security- peoples phones
Mature technology Bn't believe we will need to stretch technologwe're tooled up
Q10 Can you prioritise the challenges in
terms of business impact o )
efficiency improvement
Can you prioritise the challenges in
Q11 )
terms of effort required
efficiency improvement
How could you overcome difficulties Actively looking ‘at hoyv the system @hat proponl9n of v‘vha.t they are doing
Q12 ) ’ survey- user satisfaction anecdotal it takes too longinvestigation - user groups
associated with these challenges ’ i
most impact- wherecan we get the most impact
Would a framework assist with the
Q13 transition from asis to the tobe, if so
how? Yes definitely it would excellent really supportive
What other ETO industries would
Q14

benefits from a framework?

Large hadron collideraerospace MAI - engineer to order software products
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B.4

Project Manager - PLM Upgrade - Interview 4

Interviewee
Company
Position Project Manager
Date 02/09/2016
Location
Time 06:00
Question No | Question Response Key points
Iniro Brief overview of research using
appropriate diagrams
Interviewer describes the key
challenge§ |den.t|f|ed in the research Yes- generally it comesalvn to the maturity of the business, we are an evolving
Q1 and asks interviewee of examples market- each project has its own need but we need single MRP and- Bbiv
where he/she has encountered them volume - we have a specification from our customer to deligd3oM to them- so we
? . . .
would you add or remove any- need to customise our systems and irfeaze into our systems
From my project specificaliikey objectives as configuration mgmt. databasee
are dealing with an evolving architecture, they aresdgamation of developed in
What are the typical key business house or COTSwve need a business vievgo my project is to provide a single
Q2 objectives which you require a PLM | approach first objective is configuration mgmt. and ensuring we can engage with
environment to support? our customer we don't have direct access to them so we need tbveée configured
data
We also don't have direct change integration with our product date can't feed
lessons learned into produetve're planning to introduce change management
integrated with our product data
03 Describe your current PLM The current environment is an amalgamation of different systemsrk gets done
environmentfrom your perspective? | butA i(n@ integrated- there a considerable amount of manual effort
First/biggest challengepeople don't understand it they see it as a configuration
mgmt. solution- education isn't there as to what a PLM system is and what it can
) . for them - the cost is large and you need a very good way of marketing of what y(
Describe the typical challenges you
Q4 ) L need to t
experienced with utilising PLM? ) o
Common part library reduce duplication and redundancy
Its difficult to quantify benefits commonality
Business change managemeintitial then next challengeincremental
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What improvements would you maks
to a PLM environment to ensure it

We are implementing Windchill to provide an integrated approaale are removing
legacy tools and replacing with Windchill and ERM primarily reason is risk

Q5 meetsyour business objectives and reduction, lots of legacy systems, the owners of 'blackelsbleave which introduces
why? risk-
Education
Business change
Quantify benefits Explain what you are getting from PLM
Can you prioritise the improvements| ]
Q6 in terms of business impact Risk reduction we know there a lot of process we can do bettemleuvon't get
therein day one
Initially, hardest was requirements due to educatichey don't care about the
Q7 Can you prioritise the improvements| f,iure as they are happy now
in terms of effort required
We are writing software so we need to translate business knowledge to requirem
for the software- but A {ig@irg well we are using agile scrum which is mitigating ri
How could you better enable the - if we had not adopting this methodology then theguldn't see the evolution
Q8 implementation of these traditionally a wasteful approach but if call it a 'waterfall scrumk can do iteration
improvements activity - its works well as it gives our business early insight as to what the chang
and what the system does before we go ke scrum approach is helping with
business changeit helps engage the business early on and gain-buefore we
implement the systemi KA & A& ONAGAOFE & AdGQa |
large data migration
What typu?al challghge.s ngyou Defining requirements for what you want the PLM systems toyda are working
foresee with tra.nsmonmg frgm anas| \ith people who have used their systems and process for some-trat | am
Q9 !S toaPLM enwrorment which coming from a programme perspectivéhe process and requirements has been
incorporates your improvements (io quite challenging people are not educated enougltone of the key challenges, but
be) once we get it implemented in Maritime we can see it improving over tome
Q10 Can wu prioritise the challenges in
terms of business impact Buyin
Q11 Can you prioritise the challenges in
terms of effort required buy-in
Q12 How could you overcome difficulties
associated with these challenges agile scrum
Yes- | would have loved to have that years adauts its scalability is keythe second
Would a framework assistith the part is the maturity of your peoplea upfron't Whgn the project is being conceived g
013 transition from asis to the tobe, if so framework would be grat - | have been doing this myself and I'd love to see a
how? framework- must be able slice and dice, flexible but mandatafyrather that than a
mandated approachevery project is different need to include reason so it just isn|
ignored
I am lookingorward to seeing the results
Q14 What other ETO industries would oil and gas, mininglots of material, anything which has integration of systems ang

benefits from a framework?

processes valid across other industries
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B.5

Project Delivery Director - Interview 5

Interviewee
Company
Position Project Delivery Director
Date 07/10/2016
Location
Time 08:00
Question No | Question Response Key points
Intro Brief overview of research using
appropriate diagrams
| agree with them buk {tH@ @rototype | struggle with. Typhoofits all
Interviewer describes thkey challenges | other criteria, process of getting tharototype was a project in its own righ
identified in the research and asks - in the team it wouldn't have felt any differenthey had to meet quality and
Q1 interviewee of examples where he/she | safety- other than that its ok. I've drawn a box round the produtt the
has encountered them, would you add o| customer is a strike capability, ships, submarine, direta. - this is a system|
remove any? of systems everyone has a different lens on the boundary of a complex
system,
Information isthe building block to drive and sejbur product- if you can
What are the typical key business control your information you can better control cost and therefore your
Q2 objectives which you require a PLM price
environment to support? The other thing, controlling all your data through design/build allows you
leverage irservice support
Understanding where we are on the developing maturity of the product
3 Describe your current PLM environment| @ K+ G Qa RSaAi 3y | NI § ¥ | -@llinfoEmationhJLI &
Q from your perspective? understand you status and bid for our next phase of contract
The other thing is the businesadpolitical landscapenot within our
control - customer budget, workforce etc. is not always in our own hands
Single business challengsingle point of truth at angnetime - common
Q4 Describe the typical challenges you language- turning data into management information is problematiee
experienced with utilising PLM? are better at capturing data but not turning data into management
information to make decision
What improvements would vou make o One of the next steps is how we take the data number of new
i V wou u
P y. occurrences in the BoM so whatvhat does that mean, do we need to do
Q5 PLM environment to ensure it meets you . . . . .
. L something different past and futureshining a light on the data for its
busness objectives and why?
purpose
06 Can youprioritise the improvements in
terms of business impact What does data meanfor making management decisions
Q7 Can you prioritise the improvements in
terms of effort required What does data mean for making management decisions
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How could you bettr enable the

Within central engineering you have data and processes creation, then w
have project management who try to turn it into management informatiory
for us to use are they close enoughdo we understand thelata which can

Q8 implementation of these improvements be used for management informatiorthe key is the dynamic environment,
P P e.g. MCE, we have requirements and that is the lens we see today, then
few months it changes, how can we be more dynamic, to reflect new
management needs
Whattvpical challenges can vou foresee People side people like me and Geoff and others, we don't understand
with trzssitionin fro?n an adsyto . what it takes to put a PLM environment togetherdathose who do don't
Q9 environment wh?ch incorporates vour understand what our needs arean we bring these together
improvements (tebe) P y Do we understand PLM investment and business benefit and those whol
P control finances do they unddiist Y R g KI (i t [ atru@me&S a
investmentg A f £ LI & 2FFQ
Q10 Canyou prioritise the challenges in termg
of business impact Buyin and understanding for senior management
Q11 Can you prioritise the challenges in term
of effort required Buyin and understanding for senior management
How could you overcome diffitties Project controls who try to provide data, forecasts and report data we
Q12 associated with these challenges need a forum who brings that together, Central engineering and project
controls along with MCE
Would a framework assist with the | think so, how do you ubrand PLM, if you mention PLM they will go to
013 transition from asis to the tobe, if so sleep, how do you describe to get senior stakeholdersibhuy
how? Secondly we are no longer just about a single customer but we have oth
(expott) - are we ready or do we need further investment
Q14 What other ETO industries would benefif MoD, project controls for all MoD projects, can we do this centrally

from a framework?

Hinckley Point
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B.6

Head of Engineering Strategy and Capability Sustainment -

Interview 6

Interviewee
Company
Head of Engineering Strategy and
Position Capability Sustainment
Date 21/07/2016
Location
Time 09:00
Question No | Question Response Key points
Intro Brief overview of research using
appropriate diagams
Type 45, to what extent did we lose control over the data, data becom
chaotic We try to have a control process which isn't directly linked to tl
cause of the chaoscost and schedule being out of synch with capturing
the knowledge. Control process not related to our ability to not being
) ) chaotic. How do we stop chaos and whatwde do when that happens.
Interviewer describes the key challengg . o ) L ) .
identified in the research and asks Type 26- IPPD, if cohducted a §|gn|f|cant |n‘vest|gat|0n VYIth Deloitte to
) ) and capture the attributes required managing the affective system. W¢
Q1 interviewee of examples where he/she )
has encountered them, would you add fourildiwe were |O\.N,. anq selgcted a number of argas to implement.
or remove any? Holistic problem, dflc.ulnes VYIth cuIFuraI in the bL‘Jsmess to get them to
embrace the size of innovation which was required. As you have cove
in your challenges
How you accelerate data sets early in the lifecycle, we have not choseg
commit. Managing outputs, datawe have most significantly and
improved approach.
We are reactive, the nature of the product means data is king. The wa|
the product has developed and suppli¢r@ve provided, the language of
engineering has to be data. We are responding to it as we are gatherif
set of problems we didn't see comingvhich is why we have a PLM
What are the typical key business environment, to help us react. We haven't got a PLM strategy to meet
Q2 objectives which you require a PLM business objedtes, as objectives at the programme level; a PLM need
environment to support? be at a business level. Business level objectives are high, programme)
objectives are product centric. Business objectives are outpjéctives
win business.
PLM- Time to market, how we try to copete so we need the capability
to align with way of competing and product in service portfolio.
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Suck knowledge out of a traditional engineering environment, in order
capture, configure and support the operati® environment which is the
driving force of the business. Capturing data, parts etc. We've not star|
to look at completeness and integrity of the data. Focus is getting a

Q3 Describe your current PLM architecturg compartment mature for operations. PLM can allow product strategy &
options ofproduct strategy to be understood and worked, followed,
controlled- providing a feedback loop for the designer. Our customer g
PLM currently is Operations, the output. We are not establishing a vie
with the business of what PLM does for engineering.
Lack of alignment between project progress and a route to resolving
product issues. Bulk progress, i.e. its good if you have enough parts a
GKSNBEF2NBE R2yQd I lity, dtggratiod suéh ad INR 2
functional risk reduction. Demands lots of metadata at a part level whi
Describe the typical challenges you then allows evaluation of whether an engineering has done his job,
R experienced with utilising PLM? difficulties in providing support to engineers, some who are traditional
and other who ee trying to integrate.
Some engineers are developing systems development but it takes tim
implementation into PLM not getting the right data, people, knowledge
involved.
What improvements would you make tg
Q5 a PLM environment to ensure it meets | Cultural elements, skills and awareness of data, what are the things th
your business objectives and why? need to come together.
Can you prioritise the improvements in
Q6 terms of business impact (use
impact/effort matrix) Cultural elements
Can youprioritise the improvements in
Q7 terms of effort required (use
impact/effort matrix) Cultural elements
08 How could you better enable the \c;Ve fail to ggt accpuntabilitie§ clear, business objgctiyes fail to t‘ric.kle
implementation of these improvements own to engineering level. Silos and not respondingtil they are joined
in a business perspectiveaintil this happens difficult to utilise PLM.
Nature of relationship with customer means that engineers see their rg
) in an introverted way. They proceed at ensuring they have dbeie
What typical challenges can you forese| ) .
with transitioning from an & to a PLM technical task this is not enough they have to ens.ure thét they
Q9 ) S understand whathat tasks means to the over project objectives.
environment which incorpates your ) ) . . ) )
. Timescale first priority thin layer looking at an integrated product
improvements (tebe) ) . )
people understand they're areashief engineering was the only produc
integrator
Can you prioritise the challenges in
Q10 termsof business impact (use
impact/effort matrix) People not understanding
Can you prioritise the challenges in
Q11 terms of effort required (use
impact/effort matrix) People not understanding
Q12 How could you overcome difficulties Need to understand current culture, what is the capability from a data

associated with these chianges

awareness and technical level, understanding.
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Would a framework assist with the

Steps we take must help with helping Typeir2éhe immediate

Q13 transition from asis to the tobe, if so timescales framework must help with getting mature data for
how? operations but this is not the same as a business level framework
Combinations in other areasunique survivatapability of an
organisations within BAEa commercial org would be bankruppolitical
involvement- | would like to understand what Electrical boat are doin
What other ETO industries would o . . ) 9
Q14 What are the implications of a PLM business medeghat is required

benefits from a framework?

what if the businesdoesn't have the appetite to changea fundamental
constraint- we only intervene when the business is effectekactive-
you have to try and articulate what a PLM business feel like

B.7

Head of Detail Design - Interview 7

Interviewee
Company BAESystems Naval Ships
Position Head of Detail Design
Date 25/07/2016
Location Scotstoun Shipyard
Time 16:00
Question No | Question Response Key points
Intro Brief overview of research using
appropriate diagrams
. . Everyone | recognise. No prototype, e.g. Modulisation approach, not being a
Interviewer .dESC.I’I'bES' theey to build modules to take through alé engineering stagesconcept, design,
challenges |dent|f|eq n the build, manufacture, integration, commissioning. Not able to test asltna
o1 research and asks interviewee of through theoretical means.
examples where he/she has Others,configurationcontrol, when to implement. You have to avoid
encountered thoem, would you add unnecessary bureaucracy so you have totbetright timing, but there comes a
or remove any- point in time for cost and schedule control, foenfigurationcontrol.
Productmaturity, FOG:omplex warship often hawaturity challenges due to
how contracts are placed. Getting details design information
Needs to understand the product lifecycle, collect data from concept to build
) ) commissioning, requires to capture review information, all information and
What ae the typical key business outputs
2 objectives which you require a PLN . . .
Q ) ] Y q Needsto understand how we structure our data, engineering build data for
environment to support? . . . . .
breaking down into manageable chunisads to the creation of our engineerin
BoM
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Describe your current PLM

Changing a lot of transformation agtities such as data alignment between ou

Q3 environment from your toolsets- e.g.CAD tools to our BoM into our planning tool, CAD/PDM, digital
perspective? planning with ERP. It is Improving; we have been burned with lack of data gqu
across our PDM tools. That is recognised hence whgreva period of transition
Getting people to use it properly
Describe the typical challenges yo{ Getting the right quality measures in place when you have people manipulati
Q4 experienced with utilising PLM? Data more important than everbiggest ballenge getting that quality culture
into the people, recognises that quality problems causes problems down the
depending on what engineer has touched.
Try and cut down the number of variables in the system e.g. use PLM to mar]
reviews, actions trying to drive a system to be the only way to capture the da
no local approach's as the themes of quality are missing so we may miss roy
cause use a PLM to mandate the way we do business as a whole
From a functional view we use PLM differently across all out programiaiéor
approach based on own independent requirements of programme, e.g.
What improvements would you engineering details, requirements etameeds sphtly different PLM systemwe
05 make to a PLM environment to trend to start from scratch needs to be owned by the business, not project
ensure it meets your business driven- there should be aPLM functiem A i KAy &dé&aiSvya Sy
objectives and why? clear
Business wide standardised tools would be good.
Standardprocess, systems and tools will drive consistently with the way peop|
behave - eliminates the variatiorerrors -
People bring their own ideafQEG older versions of Foran and Windchithey
will be instantly frustrated River class is even furtheemoved- won't get the
benefits of translation
Difficult when you train in a programme as a opposed to a BAE appreazh
would cut down our norms if we could standardisaut variance makes us more
cost effective- more variance more training
Can you prioritise the
Q6 improvements in terms of businesg
impact (use impact/effort matrix) | Standardised approach
Can you prioritise the
Q7 improvements in terms of effort
required (use impact/effort matrix) | Standardised approach
How could you better ertze the Standardisation of approaciyou should originally set up to support this5 year
08 implementation of these design and build approaches means a programme can be a business within
improvements business you need a way to drive our processes acalbsut programmes not
just a single programme entity
What typical challenges can you
foresee with transitioning from an
Q9 asis to a PLM environment which
incorporates your improvements
(to-be) Getting people to use it correctly
Can you prioritis¢he challenges in
Q10 terms of business impact (use

impact/effort matrix)

Getting people to use it correctly
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Can you prioritise the challenges ii

Q11 terms of effort required (use
impact/effort matrix) Getting people to use it correctly
How could you oueome
Q12 difficulties associated with these
challenges See Q8 response
Would a framework assist with the| Of course it helpswe have an engineering frameworkmplementing a PLM
013 transition from asis to the tobe if | System absolutely a framewk would help- step 1 in a project implementation,
50 how? set goals, targets, approaeheference regulations and requirementall that is
what | would call a framework
Q14 What other ETO industries would | Big massive engineeriniit projects- jetty in a naval dockyardloads of data,

benefits from a framework?

review, massive undertaking
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B.8

Principal Consultant - Interview 8

Interviewee
Company
Position Principal Consultant
Date 08/11/2016
Location
Time 15:30
Question No | Question Response Key points
Brief overview of
Intro research using
appropriate diagrams
] ] L (afiateresting way to look at it, the set of challenges that you articulated definitely|
Interviewer describes . . .
apply to large bespoke projects: lot of these issues apply in part to less complex
-the k_e_y challenges projects- certainty the scale of the projects differentiatieem fromother systen
identified in the . . .
engineering projects
research and asks | have been trying to understand the differences with Type 26 to other project types,
Q1 interviewee of examples of those is the length of the lifecyclave have been working for 8 years on Type 26, an
where he/she has there has been a lot of iteration of the design &hé requirements- there has been a
encountered them, L
long way to understand the desigmvithout a hard schedule the programme can
would you add or meander, PLM must be able to move with the fluidity of the design that is not the cas
remove any? . . . .
other programmes if you compare with urgent operainal requirements (e.g. for
Afghanistan), you can have complex projects and small scale but what clarifies the
differences is the timescalesvhat we think we want in day 10 is not what we would
want in day 100
| come at it more being able to control and understand the various engineering basel
and be able to refer consistency back, coherence completeness and correctness of t|
. data- What we want is an étient design with the minimal number of iterations until wg
What are the typical key . .
. L constrain the design
business objettves . ) . . .
] . Good facilities for configuration management but the flexibly to support multiple
Q2 which you require a PLM . . N .
. hypathesisearly in the design lifecyclehese projects tend to overrun cost and schedul
environment to ; . - . .
SuDROrt? because we don't do enough design variations/checking early in the detsiga longer
PP to get the design right earlier, but that can bite you as it can cause rework as you did
complete design work early in the design lifecycle
There is an opportunitif we took a different commercial opportunitytreat the first
vessel differently consider multiple weightswith multiple design configurationshe
opportunity to consider multiple options before commitment would be very advantagd
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Describe youcurrent

A project of these scale feels like the problem is well understood and a commitment

Q3 PLM environment from | within the company to adequately resource technical SQEP and tool and that PLM is|
your perspective? essential enabler for the projeethe value of it is not widely undersod and may be
seen as an end iitself as opposed to an enabler to the design itselfiabling tools like
that can be undervaluedtechnology in these areas moves ahead quioklery
framework we put in place can bemrstrained and enabled by whatever toolset we havi
| can see that you are maintaining awareness of how the toolsets are progressing bul
ensuring it supports the here and now
Value not mderstood
Describe the typical Not seen as enabler
Q4 challenges you | am aware of the value of tools, but to the nepecialist it can be seen as smoke and
experienced with mirrors- perhaps we don't explain what we are doing and hgirGpartant - why
utilising PLM? underlying data quality checks are importarsome carsee it as an overheacbalance
the time and expense with the paybaekhe benefits in manufacturindyetter quality
and accuracy thagou wauld get in a less constrained environment
The challenge you have is you require able and specially trained individuals to operal
PLM, sometimes there is a challenge with those individuals communicating with less
. personnel explain aims and objectiveshe challenge is always selling the investment i
What improvements . . . . . .
would you make to a the Fool gnd getting bwyn, this project has succgs-sfully demonstrated buy in, senior
. engineering management are always emphasising the strength of what we have put|
Q5 PLM enylronment 0 place and that it will be realisedownstream
ensure itmeets your ) o .
business objectives and If management Iose. confidence in it (‘fan be seen as or‘1 overhead, Ty.pe 2§ doesn't §
why? from that - its feels like we've got the right balaneevolution not revolution with LFE
from the programmes
Perhaps the weakness is the ability toelfiio the wider teams of the benefits and
necessities of what the team are dointhe management are but | am not always
convinced that those in the coal face understamitb they understand that the discipline
of the tool is not an overburdened, but iby get the big picture you can see its
worthwhile
Can you prioritise the
Q6 improvements in terms
of business impact Buyin cost/benefit comms
Can you prioritise the
Q7 improvements in terms

of effort required

Buyin cost/benefit comms
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How could yowbetter

L (diiault, people only taking it oboard if its relevant difficult to sell benefits to those
at the front end for instance, seen as a burden unless you understand that those at tl

Q8 ;lerel;:ehniation of these| other end (manufacturing) reap the benefitswhat's in it for me- the lifecycle is so long
improvements an individual can track the whole lifecycle on smaller projetdarge project which are
10's of years present a problem to selling slow burning rigours approactiiese who
want to design you put in enabling and disciplinghis will be more mainstream on
smaller projects once value is showtie together the supply chain
What typical challenges | people have done stuff for years and years, you have to be able to answer the what'
can you foresee with for me question you have to satisfy selfiterest at best the advantage to an individual
Q9 transitioning from an as | or not a disadvartge to a persn is how you sell it
is to a PLM erionment | | see a difference between Portsmouth and Scotsteance of the opportunities is the
which incorporates your | bring on the younger generation of engineering who are more comfortable with the
improvements (tebe) technology and benefits of the rigouthere is alwgs a cost with rigour but hopefully the
cost weights it at the end of the day
Can you prioritise the
Q10 challenges in terms of
business impact Buyin cost/benefit comms
Can you prioritise the
Q11 challenges in terms of
effort required Buyin cost/bendit comms
BAE systems is an large monolithic beast, some organisations of that scale find it dif}
to communicate with the wider teamthere is an educational element to thid G Q &
problem which is less apparent in small companies where there is a better understan
2F S| OK 2 i K SiNBokingkhérd & Nafititélylazuyhtdre of sharimmerhaps on
LINE2SOGa 2F GKAaAa &A1 S Al Qang pak df dne Baiethis
project is by far the mostiloedenvironment | have worked with, even within the same
How could you building, combat, aux systems etc. are in their own teasi®edworking does not lend
Q12 overcome difficulties itself to a wider awareness of the businesge seen to be staffed with a lot of head
associated with these down people- perhaps we need more who heads up and share experieBcegnetimes
challenges central engineering can be dictatorial, but you are more facilitation, but if you take CH
away the whole thing just stopst (i Q& RbBighfojectsdatarit thihk of something
that has done it better there is a better dynamic and flexible team in the concept pha
but as you mean up you become less adaptable and there is more intrgtiand look for
individuals who are open anaé&n,- use agile as opposed to experienced people
| have not commented on tools as we seem to be well sertedne the whole thing is
where the value is
Would a framework Yes, | think itvould, once of my pet hates is how we shoehorn projects into an
013 assist With the transitign organisation as opposed to adapting an organisation to the prejeci Qa | RA ¥
from asis to the tobe, if | ke husinesswisewe have severe constraints on this project, most big bespoke
so how? projects get taa point when you have to move forward
What other ETO
industries would
Q14

benefits from a
framework?

| can see benefits large power generation etc.
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B.9

Head of Central Engineering - Interview 9

Interviewee
Company
Position Head of Central Engingrg
Date 19/07/2016
Location
Time 14:30
Question No | Question Response Key points
Intro Brief overview of research
using appropriate diagrams
Interviewer describes the
key challenges identified in
the research and asks Challenges are valid and have been encountered on many projects | have worke|
Q1 interviewee of eamples sensors, aircraft, Typ45, QEC. With QEC being a good example especially due t
where he/she has contracting structue.
encountered them, would Decision tree whether a prototype is possible
you add or remove any? Configuration management and product baselines should be included
What are the typical key
02 business objectives which
you require a PLM Consistent and controlled BoM through thfecycle, PLM enables this through
environment to support? product structures, docs, meta data
Integrated Bill of materiaiBoM). Windchill backbone. Evolve through the lifecycle
03 Describe your current PLM | the product to use and enhance a master record apphot the Bill of material.
architecture Single BoM as opposed to multiple BoM. Including support solution based on ori
product data.
Problems- data accuracy on QEC project due to lack @fgration with other
) . systems. Current system much improved with CAD/PDM/ERP, eliminating manu
Describe the typical . . . . . . .
) translation and data integrity. Another problem is change, engineering maturity
Q4 challenges you experienced| . . ) . . L
with utilising PLM? issues, inadequate information used to progress design resulting in changeddow
' we implement this change and when. People and ownership challange
engineering
What improvements would E.nsure h|ghe§t Iev.el on integration, e.g. CAD allgnedmlﬂ'fl system. Integratfon
you make to a PLM with schematics wanD!Vl C'o.mmons metjal data cap'tured in ther sysFems, ie.
Q5 environment to ensure it support system, WhICh'IS critical as we wish 'to provide a thrdlfgh;olutlon. .
meets your business To resolve thg peoPIe ISSl'.IeS have a cc-.zntrallsed team to provide PLMpthin!.; w
objectives and why? include administrative duties, standardised and practicable, LFE, economies of s|
Process, keep it simple, don't be technology Idadn't get carried away with
vendors solutions, e.g. workflows
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Can you prioritise the
improvements in terms of

1- People issuesCentralisation people/organisation you could have a great
system but if you don't have the btg, capability, lean team, right people

Q6 ) .
business impact (use 2- Integration- Master record understanding critical
impact/effort matrix) 3- Process should be straight forward of 1 and 2 are implemented
1- system integration third party vendors, business rules, testing, interfaces, end
— end
Can you prioritise the . . ) . o
) ) 2- People issuesCentralisation explain and bwyn across the organisatiorsome
improvements in terms of . . o o ) .
Q7 ) may say that its empire building and reduces lean thinking. Ultimately centralisat
effort required (use ) . L .
) ) will provide benefit with repeatable approach and ensuring that same problems
impact/effort matrix) . .
aren't repeated (which has been the case on previous programmes)
3 - Processmapping
How could you better enable 2 - People issuessell to stakeholders through LFE, implementing previous
Q8 the implementation of these investment ornto new programne. Economies of scalgeduction in staff.
improvements Standardised training, induction awareness, professionalises. Initial up front cost
programme resource ownership needs to be overcome through cost/benefits
What typical challenges can
you foresee with
Q9 transitioning from an afs to | Radical change to how we do business wrt to function vs programme. Symbiotic
a PLM environment which | relationship. Typically there are people who work on a programme and those wh
incorporates your work ina function- disconnect
improvements (tebe) Data as an asseimportance should be realised
Can you prioritise the
challenges in terms of
Q10 . .
business impact (use
impact/effort matrix) Programme v function
Can you prioritise the
Q11 challenges in terms of effort
required (ise impact/effort
matrix) Programme v function
How could you overcome
Q12 difficulties associated with
these challenges N/A - answered in point 8
Would a framework assist
Q13 with the transition from ads | An operating model anftamework is the same thing. Evolve the framework when
to the to-be, if so how? required by the business. Use the same model and tailor.
What other ETO industries | ojl and gaslonglead,high complexity, high cost, land and sea. Large sivile
Q14 would benefits from a infrastructure projects. Bridges, road, HS2. Formula 1?? Chemical/pharmaceutic

framework?

plants/processes metadata processes.
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B.10

Interviewee
Company
Position
Date
Location

Time

Intro

Quality and Project Management Support Engineering -

Interview 10

Quiality and Project linagement Support Engineering

14/09/2016

08:00

Brief overview of research using
appropriate diagrams

Q1

Interviewer describes the key challengeg
identified in the research and asks

interviewee of examples where fghe
has encountered them, would you add o
remove any?

LHCG No company can provide the produd€ERN is the future owner of the
facility as well as the engineanost of the engineering work is done by CER
- most elements are made specifically for CERNh level of quality required
- these products will not be sold to other customengdost of the people in
CERN are working in the engineering sidperation facility are not that big
most are designing new facilities and providing support

Q2

Whatare the typical key business
objectives which you require a PLM
environment to support?

Many components one of the challenges consists of the retrieving
component information where its installed when it requires maintenance
- replace components it have same form/function components have to
have radiation considerationssupport functioning of facility preventive
maintenance

Q3

Describe your current PLM environment
from your perspective?

Three pillars functional layout database, what tHacilities are made of, in
house designed tocl2nd PLM side, every components descrifecharteam
to manage and describe items, 3rthaintenance management system, infor|
EAM

Q4

Describe the typical challenges you
experienced with utilising PLM?

Severathallenges 1 challenge relating to the scope of PLM, most PLM
designed for volume manufacturing, with ETO it is not the same approach
with mass manufacturingPLM tools good for designed equipment (e.g.
aircraft) but not systems such HVAC, PLMstaoé not designed for facilities
such as CERMircraft they don't use PLM for designing their faciliti@&M
tools can be support facultiesCERN, design, build and operating a facility,
Airbus manufacturing aircraft and require manufacturing faesitwith CERN
we create facilities to produce particle in the right quantithe differences
are difficult to manage as PLM approach tries to align with EADSGHRN
more similar to construction companies than with companies such as Airb

Q5

Whatimprovements would you make to ¢
PLM environment to ensure it meets you
business objectives and why?

First from a strategy point of view the difference between Product and
facilities information management is understodd (difiult to align the
needsmanaging the facility (maintaining and upgrading the facility) with
managing the product dataimproved integration with PLM and maintenanc
management and facility management
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Can you prioritise the improvements in

6
Q terms of business impact
Integration
Q7 Can you prioritise the improvements in
terms of effort required
Integration
My colleagues have a lack of understanding of the architecture of the
information - a lack of god information impacts.JS 2 L3fifiy®dai
How could you better enable the g P . ) L
Q8 . ) . understandand work with the systemsystems engineering, validation and
implementation of these improvements L ) ) . )
verification, people don't understand the difference, PLM tools don't explai
this, PLM tools don't support this
1- People - management level, principal eng. etc., people want simplistical
. which isn't always appropriate
What typical challengesan you foresee ys approp . . . .
) . . 2, People see they own area.g. electrical, they think as its works at their
with transitioning from an ass to a PLM .
Q9 ) o level it should work for otherscomplex enough to meet the needs but not
environment which incorporates your .
. too simplistic
improvements (tebe) . - .
3-Software vendors don't have sufficient understanding, the processes thq
propose are not appropriate for comg{ environments
Q10 Can you prioritise the challenges in term
of business impact
People
Can you prioritise the challenges in term
Q11 .
of effort required
People
o1 How could you overcome difficulties Training, cleargood organisations, success stories, software vendors havel
associated with these challenges very IT approach, they need to understand real needs, they want to sell th
products
Yes, as far as | knoarfPLM there is no model, a framework for providing
guidance there are not necessarily for the software, but naming, numberin|
Would a framework assist with the etc. - also link from PLM to quality managemerg.g. consultants will argue
Q13 transition from asis to the tobe, if so you should use business process modelling but duetsn't describe
how? collaboration, only emails but not reviews (design reviews), a lot of
collaboration is required, the sharing of knowledge is not supported with th
approach
What other ETO industries would benefit
Q14 CERN big sciene, big facilities other big science across the world would bg

from a framework?

interested- - others which design complex systems
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B.11

Chief Engineer - Interview 11

Interviewee
Company
Position Chief Engineer
Date 28/07/2016
Location
Time 08:00
Question No | Question Response Key points
Brief overview of research
Intro using appropriate
diagrams
Interviewer describes the
key challenges identified ir
the research and asks
Q1 interviewee of examples ) )
People understanding of the toolseBassault Siemensand PT(ave PLM toolsets.
where he/she has - ) ) - j
Underutilised or overused if there is capability. Here we have an instance of Teamce
encountered them, would i ) )
heavily customised, and about 20 interfaces. Only really a CM30qleople CM, here
you addor remove any? ] ) o
only 2 in T45. Not used effectively for PLM, use of the tool very difficult.
) Cradle to grave, baseline managemeand incl.multiple versons of baselines. Global
What are the typical key ) . ] . )
. L i Combat Ship, 3 different variants on drawn on T26mmonality which needs to be
business objectives which ) . ) .
Q2 ol require a PLM managed. Gas turbine room, same for all 3 ships, but weapon sets will be different.
y ) d PLM baseline must be able to manage, ship on ship differersedban customer driven
environment to support? . ) . ) .
changes or obsolescence. Baseline by design, class, ship, manufacturing, capadbility
designed, aduilt, asdelivered,and asmaintained.
Shambolic journey for 3years to replace Teamcenter with Windchill. The move from
Describe your current PLM Teamcgnter to new Team(.:ent.er difficult, so we decided to go for Windchill. Move to
Q3 environment from your tool cﬁf.fl.cult due t.o customl.satlon, legacy toQI sets. captured through merger and
perspective? acquisitions all different which have to be aligne@ifferent needs, land systems have
different needs from ShipbuildingVe make delivery from our PLM to the customer, e.d
change packagesnuch more complex than it needs to be. Deliversotigh different
PLM to the customer
Describe the typical See Q3
4 challenges you Also- we are out of vendor support, lots of downtime, impact the business due to mof
Q experienced with utilising | frequent longer downtime
PLM? User understanding of tool
Degree with which we've made it baske
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What improvements
would you make to a PLM

Simplify it- improve integration purpose to move to Windchill to rationalisatellite
systems people had pet tools which the core totdn do it insteaewe can retire 12 out
of 20 PLM toolsetgeduces manual interaction, maintenanctrecast was we could

Q5 environment to ensure it o ) i
. reduce 3 FTE by utilising core functionality of the new tool
meets your business X ] ]
I Improve education of the userglon't customise, out of the box, spprtable version,
objectives and why? i ) ] i ) )
vendor brings out new version we can move there quickigucate insatellite offices to
use core toolsets links in with simply
Can you prioritise the Education people want to explore what is availablé | want to produce a tableword
Q6 improvements in terms of | ¢ excel wants best for your needpeople have preferencesome people dread excel
business impact (use and use word even though (h&rder- same with PLM, they ask for upgrades because
impact/effort matrix) they perceive difficulties or limitation
Can you prioritise the
Q7 improvements in terms of | gqycation asking people to change the way they've done things for over a decsidep
effort required (use learning curve someone shows therhow to do it, they may have been doing it wrong
impact/effort matrix) and that passes it on
How could you better
enable the Communication., communication, communicatiosirike achordwith people, what's the
Q8 implementation of these | value proposition for themwhat's it in for them- take them on the journey, explain whyj
improvements - another toolset made life better for everyone except procurement® brought them
on board, they left and new resources were againstie had to rebuild the bridges
What typical chllenges
can you foresee with
transitioning from an ass
Q9 .
to a PLM environment ) . e S . . -
which incornorates vour Getting commitment difficult, Maintaining momenturother jobs have higher priority sg
. P y you don't get engagement you require at wehop etc- if they don't attend them they
improvements (tebe) ) . )
guestions aspects they weren't involved with
Can you prioritise the
challenges in terms of
Q10 . )
business impact (use
impact/effort matrix) Commitment from stakeholders
Can you prioritise the
challenges in tens of
Q11 .
effort required (use
impact/effort matrix) Commitment from stakeholders
Organisational change managdrwas sceptical initially but now | see business benefit:
How could you overcome | She providegngagement she tested understanding, resistance levels eidentify
Q12 difficulties associated with | intervention areas to bring people along on the change jourtdgne all the way through|
these challenges conducted by the organisational change managecussednteraction- first time fluffy
HRbut if now see benefitsnow default way of how we engage
Would a framework assist
Q13 with the transition from
asis to the tobe, if so Yes, definitely hardest thing for people going from-ésto to-be, people don't know how
how? to get there- prompts to help you get therehelps the thought process
What other ETO industries Civil engineeringevery projects a one ofhigh capita LNG train in north territory
Q14 would benefits from a technically the same but every plant is diffat, geographically differentFramework for

framework?

those types of projects an enabler
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B.12

Head and Operation and Future Build - Interview 12

Interviewee
Company
Head and Operation and Future
Position Build
Date 23/09/2016
Location
Time 09:00
Question No | Question Response Key points
Intro Brief overview of research using
appropriate diagrams
Interviewer describes the key
challenges identified in the
o1 research and asks interviewee of | In type 26 we want to introduce standardisation, interim products, modules
examples where he/she has prototype, you can't prototype the whole ship but you can prototype aspects of
encountered them, would yoadd | the ship systems of systems means prototype can't be done but you can targef
or remove any? aspect such as first fixing which allows a different approach
What are the typical key business 4 p's people, process, product and plantneed a balance across all of those
Q2 objectives which you require a PLN things, focus orthe product we use and the processes we use, right info at right
environment to support? time, - simple examples are what products are lifed items which require replaci
after 5 years so we will delay fitting till later
Describe your current PLM wide ranging key things are simple examples on OPV or Kharéebon legacy
Q3 environment from your systems, we are Foran in Type-2fur burning machines and tools in production
perspective? environment, important that Windchill to Foran to production environment, in O
the legay systems didn't support the burning for the production machines
Information and technology integratiorany information flows to the ship is critica
Cading of things within thehip such as Part codes, then it makes life difficult on
the ship- HPSW in the past we would know, now it doesiriformation
Q4 Describe the typical challenges yo| descriptions
experienced with utilising PLM? | |nterim products- We are building a tailored bespoke ship, we need to come up
with new approachesin Sweden thg have a 2hr requirements to float once hit b
a missile, for the RN itis much strictet 2 A i Q& | @S NEWeh&éd]
standard list now to help
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What improvements would you
make to a PLM environment to

Standardised parts, coding, reducing variatitvas helped on Type 26 need the
information flow in a language | can understarmbdes and standards in all future

Q5 . .
ensure it meets your business ships- such as GPLF which has a legacy design to reduce costs, waatgedlow
objectives and why? the same standardised approach
Can you prioritise the
Q6 improvements in terms of busines
impact Standardised approach
Can you prioritise the
Q7 improvements in terms of effort
required Standardised approach
HOW could y.ou better enablthe Type 26 Step change from the past, first time we have introduced a manufactu
Q8 !mplementatlon of these engineering approach, we are telling people what we need and wénwvas
Improvements difficult getting people to do what we need as they weised to do something
difference institutionalise the concept, what each stakeholders requires
What typical challenges can you
foresee with transitioning from an
Q9 ?SB toaPLM envllronment which First challenge policy deployment, vision such as design for manufacture, peop
incorporates your improvements should understand and follow
(to-be) Nextis changing the culture to tieing in silos shadow of influence diagram
Q10 Can you prioritise the challenges i
terms of business impact Changing theuture, organisational thunderbolts
Q11 Can you prioritise the challenges i
terms of effort required Changing the culture, organisational thunderbolts
How could you overcome Cause and effect, train armbach people of the consequence of their actions, so
Q12 difficulties associated with these | someone in a CAD model are they thinking about how someone can install the
challenges equipment, E.G. enough gapshiatween
Would a framework assist with the| 't would help- think of a mind map with product in the middle with key functions
013 transition from asis to the tobe, if and stakeholders around it, with relationships around it, it would be massive to
s0 how? undertake due to complexitybut a framework would help with a collaborative
coherent prodet
One of the things changing is the manufacturing syst@eople becoming involved
Q14 What other ETO industries would | j, 5 hrocess which has hit a snagodelling on Boeing, they introduced a system

benefits from a framework?

where they stopped a linas it drives though a product lifecycle approach to
improve quality
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B.13

Chief Engineer - Interview 13

Interviewee

Company

Position Chief Engineer

Date 31/10/2016

Location

Time 16:00

Question No | Question Response Key points

niro Brief overview of research
using appropriate diagrams
Interviewer describes the key|
challenges identified in the
research and asks ) .

Q1 interviewee of examples In summary they are really goodies in terms on ETO and the different produg
where he/she has out there. What we don't do is manage that upfront and manage them
encountered them. would differently, some are more complex and as a business we don't fully recognig
you add or remove any? that .and manage that up front. In RC?BZ there was a lot of prdugh from

previous programmes, but some which were ETO
Manage the definition of the product, there are always different toolsets and
What are the typical key they are specialised falifferent reasons, and you need to understand that, yo

Q2 business objectives which yo| can't have one big tool so you need to understand interfaces.
require a PLM environment | Configuration and change mgmt.
to support? Link to how users intend to use-ithat's something we don't fully utiliseyou

have some in engineery who understand PLM and others in other functions
such as supply chain and ops who don't understand it, e.g. what we need to
Challenging, and ever changinge really struggled to defe it at the outset and
manage it as that. We don't manage and align those expectations. There is &
of frustrations of IT support and integratierio the point you turn it off. Very
Describe your current PLM | data rich and people lose sight of what is importanthen is dateuseful

Q3 environment from your information and then is it just datanice to have it (just data) not configured an

perspective? not maintained, so it is used for something it wasn't intended g overhead
with managing data, and you need identify what is importawbod from the
trees
We don't always equip our people to be integrated with PLM, people often sq
PLM as a toolset, you need policy, process and people

Describe the typical

Q4 challenges you experienced Ever changing, our projects are long, our environtweiti change, we'll go in
with utilising PLM? with grand ideas, then changes ae done to use which none has costed for o

resourced up, such as the Aveva ERM implementation.
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What improvements would
you make to a PLM

Spend more time educating people on what is expected, where it is and how
access it our environment is different from T26 and T45, but people need to
it correctly-

Q5 environment to ensure it a lot of time and effort must be put into the IT toolsets and interfaciey get
meets your business frustrated if it doesn't work its further up the Maslow hierarchy of needs, if it
objectivesand why? goes down people are up in arms after 5 mins

We also need to make the process really slicky sefsi to use RCB2 change

process is a bit slim but if yow ¢ghe other way when you put everyone in one

such as T26, complexity in change impacts flexibility and speed of response
Can you prioritise the Change process really sick K 4§ Qa +F OKAS@IlI 6t S

Q6 improvements in terms of Systems integratioissues really achievable
business impact Functions embedded within teams to work togetheéntegration- quick access

to people who can do interrogation
Can you prioritise the Easiest change process slieln our gift

Q7 improvements in terms of Second easiestput people in heavy users teango-to person for that function

effort required (bill of materials contact for supply chain and planning)

Third- System integration

Change process wks until change is issued, it doesn't get managed in an end
How could you better enable end process not enough prioritisation of key thingsa lot of people think

Q8 .the implementation of these engineering own it, when it is programme management who own it because

Improvements the multiple functions involved, eng, dlitg, opsetc. - part of me think it doesn't
matter who owns it, but someone has to step up

What typical challenges can

you foresee with transitioning

from an asis to a PLM . . Lo A PR M x o«

Q9 environment which Biggest |sA h,OV\.I is going toAcostedu KSy Al Q’a [ K’I- uA Aa UH
incorporates your difficut-S@SNe 2y SUa (y2z2ga }\’u Qa UKS NM3IK
) business to agreechange is a risk mitigation arid idiifiéult to get investment
improvements (tebe) )

how do you quantify
Can you prioritise the

Q10 challenges in terms of
business impact cost/benefit
Can you prioritise the

Q11 challenges in terms of effort
required cost/benefit

LiQ& R kopdvihéltzé ithpact Bit gats back to the perceived lack of
How could you overcome benefit- if you can write a business case then its fine, but if something isn't
Q12 difficulties associated with working properly you should just fix it
these challenges We use risk to manage emergent challengtiere needs to be a bettdralance
on cost of risk such as labour costs which need to be in our plan
If there is a change to the product then to ripple through the PLM environme
you need to plan, which is difficult or you would get it right in the first place
Would a famework assist Whether | would agree with the terminology of framework | don't know, but
013 with the transition from ags | there needs to be a method of communicating the key thinigsthat we should

to the to-be, if so how?

include those things we do welthose we need do should be scaled, high imp
and planning is important
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Q14

What other ETO industries
would benefits from a
framework?

| think the car industries is the wrong place to look, they do prototype and mg
production- | look at what we dasea worthiness and statutory procedures
regulatory regimes there are parallels with aircraft as they have to manage th
product through their lifecyclenuclear are one offs, | am not sure we could
learn from them- something which small batch size
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B.14

Engineering Manager - Technical Authority Detail Design and
all Draughting - Interview 14

Intervi
ewee
Compa
ny
Positio  Engineering ManagerTechnical Authority
n Detail Design and all Draughting resource
Date 18/07/2016
Locatio
n
Time 16:30
Questi
onNo [ Question Response Key points
Intro Brief overview of research using appropriat
diagrams
Interviewer describes the key challenges
identified in the research and asks All relevant
Q1 interviewee of examples where he/she has An example imo prototype, key challenge as a business, something we have
encountered them, wold you add or struggled with over my career. Attempted many ways to mitigate risk, continue t
? . . .
remove any: explore opportunities around thatvirtual prototyping
) ) ~ | Product evolution configuration control of the design as it evolves
What are the typlcal key bu3|r-1ess objective The need of collaboration for the wide range of stakeholders wrt to the design th
Q2 which you require a PLM environment to id
o are providng
support: A data repository for the information we have to maintaining over the range of th
project
My responsibility is the 2nd and 3rd phase of the desite initial phases deliver to
my area- concept and functional design deliver to my aréam a customer of this
the configuration of this is critical
Q3 Describe your current PLM environment | change and evolution of this is critical
from your perspective? We are taking PLM to levels which we have not taken to in other anesing a
single source egagement which we can publish to other areas, supply chain,
planning, back into stage 1 areathe fact we are publishing the physical design (3
model) we can publish this data and allow stakeholders to review
Previously we've not had the capability talgish the designthrough PLM we can
do this but now we can share our desigrvirtually importance considering the timg
that the design evolves oveconfiguration
Q4 Describe the typical challenges you Data alignment system breakdown of the design (full BoM detail), tools and
experienced with utilising PLM? applications- CAD (Foran) and ERM, PDM
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What improvements would you make to a

Alignment of the systemswe are still orthat journey- ensure we have the
alignment of the key data that the business requires

Q5 PLM environment to ensure it meets your | We can't allow onerous processesome of the workflows we have to go to are
business objectives and why? onerows on the engineerskeep simpleandendeavourand aspire to continue to
simplify
1 - alignment- | know the impact of the misalignment of the datthe cost
Can you prioritise the improvements in } ) . P -
] ) i associated on previous programmes is a significant costs data alignment betweg

Q6 terms of business impact (use impact/effort CAD sstem and the PDM system (K checks and odap/pdeten we push data to

matrix) . . .
the manufacturing environment we have to take reactivee should have a more
proactive approach
Can you prioritise the improvements in 1- alignment of the data 2 data sets that are misalignmenpain we have to go

Q7 terms of effort required (use impact/effort | through to understand what the correct data we should be using is significant

matrix) experience is the greater challenge as a business
We want we don't do is enough of define the issues/requirement considering thqg
solution to that and understanding the processes associated to that solutizen
putting that into an environment which satisfiesethequirement- more often we
have to implement when we are managing a project
Resourcing the improvements is not something we can do within programvae
too often rely on resource who have a day job plus the implementation of the
08 How could you better enablihe improvement
implementation of these improvements
The resurces are the ones with the knowledge and experience of the processes|
toolsets- we don't have them in surplusrecognition with the projects schedules
overlaying implementation on top of challenging programme schedules will pres
challenges whitare not always achievableve might neednoretime
Can we get other resourceg/es- but do they understand in details the processes g
the difficulties- not a knowledge which is held eternally due to uniqueness and
complexity of our product

. | As above making resource available to support the implementation
Whattypical challenges can you foresee wi| _. ] . .
o . Time, commitment IT collaboration across the functio

transitioning from an ass to a PLM ) ) .

Q9 ) . Behavioural aspectscommitment from the key stakeholders in order to make the
environment which incorporates your . . ) . .
improvements (tebe) implementation successfulvarious support elements are committed and provided

P and that we are ensuring that these individuals have the right behaviphré Q &
to takea negative view

Q10 Can you prioritise the challenges in terms ¢
business impact (use impact/effort matrix) | Resources

Q11 Can you prioritise the challenges in terms ¢
effort required (use impact/effort matrix) Resources
How could you overcome diilties Demonstrate impact to business and sell it in such a way that although it has an

Q12 . . impact on resources we will feel the same pain and incur the same-costs
associated with these challenges

demonstrate cost/benefits to allow people to recognise thtat benefit will come

Q13 Would a framework assist with the transitio
from asis to the tobe, if so how? ,8a 27 02 dzNisShowsipébgigithe lwhyIwhad &y how

Q14 What other ETO industries would benefits

from a framework?

I'll have a tink
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B.15

IM&T Director - Interview 15

Interviewee
Company
Position IM&T Director
Date 12/10/2016
Location
Time 15:00
Question No | Question Response Key points
Intro Brief overview of research usin
appropriate diagrams
Interviewerdescribes the key
challenges identified in the
o1 research and asks interviewee
of examples where he/she has
encountered them, would you . . .
| agree, the biggest challenge is that the people work according to a process
add or remove any? P _ A g
AT AUQa PaMBWotks RSTAY SR
What are the typical key A clear PLM design objective and requirement then it will works propéxdpn't
Q2 business objectives which you | \now how we can link the business objective to Plddr objecti is that PLM is
require a PLM environment to | centra] to the business, not just engineering but all functions so that everyon
support? speaks the same language
Describe your current PLM
Q3 environment from your It is not just Windchill and CAD, it is the entire process fromegoino delivery
perspective? of the entire CADMID cycle, includingsiervice
) ] To convince peoplea series of tools to define the lifecycle of the product. Fro
Describe t'he typ|c§l cha'll'ehges my perspective we do PDM and alétbit more, we don't link into irservice,
Q4 you experienced with utilising | o components are missingg (G KAy 1 K  Qanclid&al thelH
? . .
PLM? functions and have everyone working towards the same process. PLM is a
process, it doesn't matter what toolset you use
Whatimprovements would you| As far as I am concerned, when you look at Naval Ships, we should bring in
make to a PLM environment to| operations, we have adesigned and aplanned but not asuilt, its weak
Q5 ensure it meets your business | compaed to design and planning, when we havebasdt it can lead orto in-
objectives and why? service. We should look at enterprise, end to end, CADMID which links every
together, better customer satisfaction
Can you prioritise the
Q6 improvements in terms of
business impact Endend integration
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Can you prioritise the
Q7 improvements in terms of effort
required Endend integration

We have to look at operations and level of technology that they use,daneyhe

How could you better enable weakest link in our chain, we are trying to introduce technology such as PDM

Q8 the implementation of these

) allow them to access the data and build up arbadt BoM, which will promote
improvements

quality, all relevant data inputted and available, we are looking at new mobilg
technolagy to operations, and bring to-gervice.

What typical challenges can yo
foresee with transitioning from

Q9 an asis to a PLM environment | Link every transformation, its winning hearts of minds of the pedpley just
which incorporates your build the ship, they don't care about the information used to design the ship,
improvements (tebe) information is highd £ dz§ ' yR (KS& ySSR (2 OKI

any transformation project takes-3 years

Can you prioritise the
Q10 challengesn terms of business

impact Hearts and minds

Can you prioritise the
Q11 challenges in terms of effort
required Hearts and minds

The approach would be 2 way, top down and bottom figstly the management
should be convinced that this is the right way to work and then bottom up
when it comes to implementing these things on the shop floor, my experienc
that actually people have less resistance to change and can create préssare
down upwards when you have their biry, convince the majority

How could you overcome
Q12 difficulties associated with
these challenges

Would a framework assist with

Q13 the transition from ads to the | well it would be very helpful to us as it will show not just what the IM&T dired
to-be, if so how? thinks but also thers

What other ETO industries
Q14 would benefits from a
framework? I'm sure there is
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B.16

Head of Programme - Interview 16

Interviewee
Company
Position Head of Programme
Date 11/10/2016
Location
Time 17:00
Question No | Question Resporse Key points
Intro Brief overview of research
using appropriate diagrams
Interviewer describes the key | The chakinges are accuratel have worked in military aircraftwe spent a fortune on a
challenges identified in the team aligning the datasets, CAD/PDM misalignmenlot of controlling dataset is valid
o1 research and asks interviewee my experience in carrier, our ability to deal with complexity is a big issue
of examples where he/she hag |t feels a lot better on Type 26
encountered them, would you | |n military aircraft maturitymgmt.was more mature than QEC but Type 26 is closer
add or remove any? The people aspectthere are technical aspects, but the people side is a huge part of it
behaviours, interactions, somebody's judgement makb@gpart of it- subjective
What are the typical key
Q2 business objectives which you
require a PLMenvironmentto| | 03 t221Ay3 +d S&aGFofAAKAY3 | YoasédeNy
support? the entering into the build phase
Describe your current PLM
Q3 environment from your Design baseline, but developmental timeline, how engineering programme is deliverg
perspective? time and cost
The unknown, we areaing things for the first time, it is difficult to plan out what we're
) . doing- trying to establish a programme baseline for A@turring engineering taskd
Describe the typical challenges : ) . .
) ) o was talking to theeng.director and we're asking ‘do we have people to create/ deliver
Q4 you experienced with utilising ) ) )
BLM? plan'- we seem to plan at a higher levado stuff to support a review programmae bit
' woolly as opposed to build when we know how many pipes there are, more prescript|
Another one is the link between design evolution and when it becomes change
You size ta team then look at the complexity
We are doing something different as a business and with the custenmmpared to the
aircraft carrier we have a better risk provision/management for time and cost
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What improvements would
you make to a PLM

The people, when | joined the programme | got a good understanding of what we nes
to do in terms of maturity, but we have diluted it, if we didn't need those things why d
we ask for them, will wend up short but will try and convince ourselves its aésulting

Q5 environmert to ensure it in change in the build programmé (n@ #he baseline we saiut to achieve
meets your business objective| The other one is maybe we shouldn't be too prescriptithings change, we need to be
and why? flexible with compleity- | looked at Railtrack and they had a way of dealing witlgét
message to senior managemenat what point can we be flexiblewe are not perfect
technically, but we are much betterA (i@ intelligence presented to us, what do we d{
about
The ability to understand where we ar€AD/PDM alignment etc.
Can you prioritise the
Q6 improvements in terms of
business impact Prescriptive /flexibility
Can you prioritise the
Q7 improvements in terms of
effort required Prescriptive /flexibility
How could you better enable | 60% of cost is in the supply chain, a huge amount of data comes from suppl@PV we
Q8 the implementation of these didn't have the supply chain team in place and we never recovesdierstanding that
improvements our desgn in integrated with supply chain, integration with supply chain Bnd, there
are still divisionsA 1 Q&4 (KS NAIKG Y2RSt odzi 6S yS
together- ensure we can manage and understand change
What typical challengesaa
you foresee with transitioning
Q9 from an asis to a PLM
environment which .
incorporates your we hav? 1.0.0'.3 of change§ which are agreed but areTIEkte ctmeinge manialgers halle not.
improvements (tebe) been prioritising from an internal customer perspecthie K S& | NB y 2 U0 NJ
needs- understanding change and what it means to otherEimg.and build
Can you prioritise the
Q10 challenges in terms of busines|
impact ''YRSNEGIFYRAY3 SIOK 2GKSNDa ySSRa
Can you prioritise the
Q11 challenges in tans of effort
required ' YRSNEGFYRAY3 SIFOK 2GKSNDa ySSRa
From my aircraft experience we had a sayifight people right rolepeople are
technical but we need to move our resourcegople with right skillsets doing right role
How could you overcome we have gaps in our capability, planning in engineering phase of the programme and
Q12 difficulties associated with

these challenges

delivery of the engineering phase of the programsu® we have engineering leaders
who are driving cost and time was rally impressed by the chief engineer, 'you said y(
g2dAf R RSEAQGSNI (KAA o0& (upSosometkiyye Gattdo R)
So we need right people in right places but there are gapgsow there are some in
planning

Pull people from diffeent industries
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Would a framework assist with

Q13 the transition from asis to the Some of it has to be prescriptive, this is what you would do and meaburteve need to
to-be, if so how? be less prescriptive to move in a direction and the programfioeein different directions
- getting people to work together shouldn't be prescriptivee're not robots
What other ETO industries
Q14 would benefits from a

framework?

Railtrack, oil and gas
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B.17

Supply Chain Director - Interview 17

Interviewee
Conpany
Position Supply Chain Director
Date 21/07/2016
Location
Time 17:00
Question No | Question Response Key points
Intro Brief overview of research
using appropriate diagrams
Interviewer describes the B ) ) ) ] o -
key challenges identified in Ability to. yalue engineer', build cost in while designing the prodaede off of capability v
the research and asks affordab|l|t¥ ) ] ] ) o o
Q1 interviewee of examples Manufacturing englneenngd‘e5|gn smething which is easy to manufacture, maintain and
where he/she has upgrade extremely challenging .
encountered them, would Obsolescence me-magement of the produnnl.§oﬂware, and emergent technology and
you add or remove any? enhgnc§ment which emgrge through a long I|fecycle . .
Continuity of resourcesdifferent peopk and skills working effectively together
What are the typical key Very complex project management
Q2 business objectives which | Ability to mobilise disparate and physically dispersed teams
you require a PLM Ability to leverage anéhtegrate with supply basesuppliers have multiple customersve
environment to support? becometoo dictatorial with how data needs to be presentedie have different types of inpu
and how we manage that is keglso being able to manage feedback for the disperse supg
bas
Data management and contrethat data can be commercial and contractuaight design
03 Describe your current PLM | information, right governance of suppliers
environment Good information and data from a bill of material, give me lead time to levetagmarket
for the best deal
CBLAOlLtte ¢S FT20da 2y KAIAK @Gt dzS A i Stesder
Describe the typical impact you greatly
Q4 challenges you experienced| Configuration and BoM control workindfectively with people and process
with utilising PLM? End of life working effectivelypostdeliverycontrol, warranty and support for product
questions- knowledge manageedongoing challenges to answer questions 10 years after
delivery of product
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What improvements woldl
you make to a PLM

Business change managemeipeople
Product change accurate view of material and what supply chain needs to support it

Q5 environment to ensure it Knowledge managemerimore integrated decisionsreates biggest burden on single point
meets your business knowledge failure people retire- more complicated the product those interdependencies
objectives and why? become more difficult to manage
Can you prioritise the 1- Sho.rt term im-pact produgt change, majority of peopleanage change
improvements in terms of 2- medium term impact business change, mergers etc

Q6 business impact (use 3-knowledge, longer terrﬁ, how (.jo we leverage k.nowledge capability ih differ.ent Ways,
impactieffort matrix) careful that don't hamper innovation. dte controls in PLM more constraints to innovation,

need to encourage new ideas. Less project managers to manage integration, more engir|
All 3 have impact in different ways
Can you prioritise the Too hung up on schedule adherence, difficult to implement improvements when adhering

o7 improvements in terms of | schedule
effort required (use We are driven by the customer for value for moneyhen you are building a complex house
impacteffort matrix) and you have a milestone for a TV, you will focasoilding the front room instead of

putting a roof on first
In any PLM environmentlT infrastructure must be robust and flexible, must allow change
How could you better enable management to be done effevtly

Q8 the implementation of these | The way we administer ourselves, there are ways we can leverage ourselves better. Dory

improvements constraints into Technical Equipment Specificatiotles suppliers innovate based on our
requirements. Let suppliers come up with the solution, we come up fitng solution and
tell a supplier then supplier comes back later with a better idem late
Digital visualisation and digital twin

x:i::g:l;zsuenges can Focus on schedule adherenceot enough focus on strategic outcome

transitioning from an ass to Investment on tools techniques and systems

Q9 a PLM environment which As leadership changes business direction changes, objectives change
incorporates pur Managing customer expectatiohboth intgrnal and &ternal- engineers Waﬁt be‘st.products,
improvements (tebe) finance cheapest therefore teﬁ5|o‘n. Telllhg customer the art of the possible difficult

Ensure what we do doesn't stifle innovation
Can you prioritise the
challenges in terms of

Q10 . )
business impact (use
impact/effort matrix) (not covered due to time constraints)

Can you prioritise the

Q11 challenges in terms of effort
required (use impact/effort
matrix) (not covered due to time constraints)

How could you overcome

Q12 difficulties associated with

these challenges

Cowered in Q8
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Would a framework assist

Yes- one of the key challenges we & good at is we don't learn from experieneanalogy
is a limited amount of people learn from reading, few learn fraoservation- everybody else

Q13 with the transition from ass . . . . . .
learns from own personal experience but having a framework will assist with systemically
to the to-be, if so how? : . ’
measuring what went well. Framework as to be translatable for different environments arj
needs
) . Civil construction birge kheeler (tallest building in world)
What other ETO industries . .
Not air sector as they have test production run
Q14 would beneits from a

framework?

Space international space stationsingle most expense thing in history (what else is in thig
bracket)
New nuclear powestations
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B.18

Combat System Technical Authority - Interview 18

Interviewee
Company
Position Combat SystemeEhnical Authority
Date 13/10/2016
Location
Time 15:00
Question No | Question Response Key points
Intro Brief overview of reseah using appropriate
diagrams
Interviewer describes the key challenges | Completely, particularly in our area, we design aadtmually develop while
identified in the research and asks the manufacturing is ongoing, equipment would be 6 years old by the tim
Q1 interviewee of examples where he/she hag we deliver the design if you choose COTS, hence why we evolve the des
encountered them, would you add or develop and design while the ship is being designed/manufactured, diffe
remove any? for enghes but definitely for the fancy stuff the user is interacting with jusi
look at mobile phones now and 6 years ago
Querying the design is the big thing | derdawhich means other have to
What are the typical key business objectiv{ input Fhe. data (which We-use) ) ]
. . . Also linking the schematics to see the interconnections
Q2 which you require a PLM environment to ]
support? In the combat work we have a functional/user model of the system to eng
it all hangs together
Requirements decomposition/management
Does he design hang together
03 Describe your current PLM environment Its W|ndch|ll andBoM F)ut also DOORS for requirements and System
from your perspective? Architect for the functional model of the system, and performance model
tools, SMARTER for safety.
Coherence between toolsets, particularly SMARTER for safety, DOORS
Describe the typical challenges you Windchill is good but we don't have good integration with SMARTER
Q4 experienced with utilising PLM? | can query the functional and physicasign quite well but | need to see a
bigger picture
Speed of being able to get new reports
L (aldabout report generation from my perspective
What improvements would you make to a | from my teams point of view | have to relate affected artefacts to a chang
Q5 PLM environment to ensure it meets your | this can take dayswe are always missing things, if the toolset had the
business objectives and why? capability to help a person understand what else could be affected that
would be very helpful
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Can youprioritise the improvements in

6
Q terms of business impact Getting changes rightyou can always get reports
Q7 Can you prioritise the improvements in
terms of effort required Getting changes rightyou can always get reports
Start with checklistsa perfect example of a complex change, combat rais|
changes to electrical data, electrical then say there isn't enough power w
08 How could you better endb the means a bigger change, GA update required, then HVAI® dapken HVAC
implementation of these improvements assumptions in an areave didn't have the prompts in the system to get th
impact right- some kind of automation if you have a change have you
thought about the impact to other parts
What typical challenges can you foresee
Q9 with transitioning from an ass to a PLM The toolset would need a really complex understanding of how the parts
environment which incorporates your work together- and for it to say that thresholds have been affectezven if
improvements (tebe) it raised that waild need manual investigation
Q10 Can you prioritise the challenges in terms ¢
business impact Toolsetunderstanding
Q11 Can you prioritise the challenges in terms ¢
effort required Toolsetunderstanding
A better understanding of what thiaresholdsare, what looks like a local
change to somebody could have big impaittere needs ¢ be a guide to say
what the dfect could be- especially if it has a limit, such as with weight
o margins policy an engineer would need help to understanifl you put
Q12 How ‘COUId ygu overcome difficulties equipment in an area which has an impaeten if we capture the change
assofated with these challenges impact they take a long time and are not always right
A combination of education and presented with informatiomhat looks like
a small change to you may not bérst scope the change right then get it
through the system quickerthe more we can standardise the change
impact the quicker we can get it through
Yes, just improve understanding and expand their miasmbat love
electronics but see physical space as boring, the guys get stuck into whg
they enjoy from computer and electronics but they know nothing about
Would a framework assist with the Y J y P . . Y 9
Q13 N ] ) production and mechanicdtng.and vice versa
transition from asis to the tobe, if so how? . . .
Combat don't get as many surprises as we are more joined up with supy
chain
Every so often put people into other domains
Q14 What other ETO industries would benefits | Big rail projects, we've segreople come and go from cross rail and Chunt

from a framework?

extension- big and complex and tick the boxes
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B.19

Head of Enterprise Systems IM&T - ERM/PLM/Planning and

Finance systems - Interview 19

Interviewee
Company
Head of Enterprise Systems
IM&T -ERMPLM/Planning and
Position Finance systems
Date 22/11/2016
Location
Time 16:00
Question No | Question Response Key points
niro Brief overview of research usin
appropriate diagrams
Interviewer ‘dESC‘rI-bES- the key Yes | definitely agree with what you've saighat's comes to mind, as well as the projeg
challenges identified in the . . . . .
i i being long term and expensive, they are few organised busisegke can do this work
reseach and asks interviewee . . . N R . .
Q1 and it depends on the kind of work, in our situation shipbuilding we have national sitg
of examples where he/she has S . . . .
shipbuilding and people/skillsets, there is clearly an age issues on buspesde who
encountered them,;/vould YOU I know how to build ships but don't know PL-NDneof the surprises | have now that we
add or remove any? are on our 3rd ships is the change to the system they wprbple see the benefits of
PLM, but want to use the tool differentiyve now have tools overlapping such as PDM
and ERM using planning at different timeghe schedule
It can't be seen as a toolset you dip into, such as document management, it must usg
What are the typical key full set of capability you should have a mechanism the BoM, the engineering data,
business objectives which you the extra things such as ManufacturinBRM supports other things such as
Q2 require a PLM environment to commissioning managemen# (g& & be flexible to invent new business objectives th
support? come along, flexibility must manage workflow Must be abé to adapt to new ways of
working which people haven't thought of yetmust be adaptable, so we don't need to g
back to the supplier, must have latest software capability which my team must have,
team need more training than when we started,
Descibe your current PLM
Q3 environment from your | see it as one of several engineering systems, you need to link to CAD, visualisation
perspective? augment/virtual reality, internet of things will be part of the future
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Describe the typical challenges|

The same challenges as in the past, the potential uses that any one project can take
advantage of, taking an opportunity, people don't see future problems, only present
solutions, e.g. using exiting drawings management tanks not thinking about future
improvements to the delivery of information,

For CAD/PDM we are linking two tools which are not designed to work together, they
have come up with a solution which sits on top, whatever design principles a CAD to

Q4 you experienced with utilising
PLM? may notfit in with PDM- However you integrate the tools you have to compromise
The other challenge used to have more freedom before the interfaces, they are sayir
is the way we have always workethe interfaces may not support the way of working
The took are also tied together, you cannot upgrade one without the other (CAD/PDN
The teams are quitsiloed the CAD teams work in one way but the PDM teams work i
different way - The teams don't quite see the benefit of it sometimékey require more
training
When we put the architect together we said we would use standards for the data mo
such as STEP, what we didn't recognise that there is different logical models, but the
developers rejected it as it meant nothing to them
You must put an architeate in place which requires selling to the busine$se
F NDKAGSOGdzNE Ydzad o068 1SLIG dzd G2 RFEGSE
having a simple architecture diagram is really complicatbé seniors need to
understand what the affttecture is and how it benefits
What improvements would you
Q5 make tq aPLM environment 0| There is a constant architecture changeorporate want a different PDM tool they
ensure it meets your business | nayen't the architecture- the journey with our current PDM toolset has helped, you kn
objectives and why? what you need
Can you prioritise the
Q6 improvements in terms of
business impact Architecture improvements
Can you prioritise the
Q7 improvements in terms of effort
required Architecture impovements
How could you better enable | There are new techniques in IT, the cloud, virtualisation technolegieswill virtualise
Q8 the implementation of these our toolsets- we need to update our toolsets quicker than we've ever done in otole
improvements respond to business need®.g. upgrade our PDM system take8 ghonths, we now
need to do it in 3 monthsthese architectural improvements will help, any toolset that
doesn't help us we won't use, e.g. quick bagk do one roHout
What typicd challenges can yo
foresee with transitioning from
Q9 an asis to a PLM environment

which incorporates your
improvements (tebe)

We still do it in the waterfall method, we need to break up the testing so its testing an
rollout as we go along, sometimes yoan do it sometimes we can'the cycle time of
change within the toolset takes too lon@rchitecture is software
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Can you prioritise the

Q10 challenges in terms of businesg
impact Break up testing and implementation for faster turnaround (SCRUM)
Can you prioritise the
Q11 challenges in terms of effort
required Break up testing and implementation for faster turnaroSCRUM)
How could you overcome
Q12 difficulties associated with You have to bring confidence with the tearthe prablem is that the users what to test
these challenges everything- Waterfall takes too long
I think in the end the silos have to go awdyknow | will not get proper requirements, we
need to get those who write requirements within the team, work together and deliver
Would a framework assist with | ncrementally- deliver it into bits
Q13 the transition from ass to the There is a culture of we've done our bit and we're waitimge need to improve how we
to-be, if so how? work together- we can't blame to use for not digering a requirement as they know whg
they want but not how to get there
Its about being better organisedyet an expert team who roles our new capability and
engages with the busines®reak downbarriers
Some people say in CAD/PDM we've haven't Heined and we don't know the process
- we need to sit down and work with the teams, such as the changes tolthéds which
we didn't know- There is a definitely a big gap/barrier between IT an the business
What other ETO industries
Q14 would benefis from a

framework?

Utilities
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B.20

Nuclear - Interview 20

Interviewee
Company
Programme Director for Security Resilience
Head of Engineering Design Assurance
Position Programme Design Manager
Date 25th Oct 2016
Location
Time 10:00
Quesion No | Question Response Key points
Intro Brief overview of research using appropriate
diagrams
Lead programme of security and resilience dept. of Sellafield, a series of
projects and programmes to enhance security assets on site, as well as
emergency and resilience improvementsew buildings, new deterrents,
emergency resilience equigent, cyber resilience
Interviewer describes the key challenges All sounds very familiar
o1 identified in the research and asks interviewg A Iot of the work we do is bespoke, many of our products deal with things t
of examples where he/she has encountered| have been down beforaetrieving and treating nuclear wasteothing off the
them, would you add oremove any? shelf, design time quite long, a lot of time bafoyou see anything from your
work - we have a lifecycle with concept though details through build
Phased approach in shipbuilding, in Sellafield there is a hard line on maturi
before manufacturing security and resiliencebalancing time pressure and
risk, wanting something to do a job and releasing to builé've spent a
significant amount of money which isn't bearing frukt (a®aance
You need to be able to adaptechnology adapting is a critical element which
needs incorporating
Safe, secure, stewardship of the site, safety is the top one for obvious reas
What arethe typical key business objectives Reputation damage
Q2 which you require a PLM environment to We are also spending tax payers money, spend it wisely, commercighctnt
support? are viewed carefully
The full project may be not of the shelf but there are elements within it whidg
are-drive to include COTS
Right first time- once its fitted you can't just take it out
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Q3

Describe your current PLM environment fron
your perspetive?

DOORS for requirements management

We have a large standards, managed in a typical way, consistency,
Drawing registry system, document recording, every project has a defined
reference number they are scanned and put into a document system calle(
icepack which gets a formal reference

Record master system where the master systems go

Q4

Describe the typical challenges you
experienced with utilising PLM?

The detail design in the shipyard is predominately done by BAE, in Sellafiel
is sub contracted ut - we use Atkins and other stdontractors

We have a value transition to market approadbr a brand new build the
technology has to be mature before we go to market for tender for design
build and install

Challenges can be IT consistency across sgppips IT systems

Q5

What improvements would you make to a
PLM environment to ensure it meets your
business objectives and why?

We have a requirement to provide an intelligent customer for everything we
do - everything which happens on Sellafield's hasitcepted by Sellafield LTL
that process of providing intelligent customer can cause problems but can

successful so it can be behavioural, and that it's between Sellafield and do
supply chain who provide the information

The supplier chain if itsew to Sellafield we can underestimate the intelligen
customer

If you take the example on QEC, BAE was therdimator and Thales doing th
design- setting that practice to enabling the design for progressive maturity|
and acceptancethis is somethingve have success within that collaborative

approach

Q6

Can you prioritise the improvements in terms
of business impact

Both are important, behaviours are so importantou can have the same
contract position but if the behaviours aren't right then theopacts can go off
in different direction- Sellafield and supply chain

A balance to be had with blue chip companies who one thingshwélQ a
challenge to bring that in on Sellafield, as there are different spec and
standards- we have dept. of energy a@nyou have the MoD pushing for value|
for money and competitiveness which drives uncertainty into the programn

Q7

Can you prioritise the improvements in terms
of effort required

As per Q6

Q8

How could you better enable the
implementation of these immvements

We would prefer long time collaboration with supply to build relationshipot
just retender every time going out to competition isn't always the best
approach, if you have a long term framework with a number of suppliers w
you can turn asund mini competition quickly and you know what your gettit
- in shipbuilding its peaks and troughs, maintaining capability of supply cha
and designers, but the supply chain have to deal with uncertaiwegy would
rather a healthily supply chain whign't reliant on Sellafield but other areas
which sustains apprenticeships, invest in skills, retain skills etc. People jus
move where the work is

Q9

What typical challenges can you foresee witl
transitioning from an ass to a PLM
environment which inerporates your
improvements (tebe)

One of the challenges would be from the supply chain angle, the certainty
business we have a yearly supply chain contractsistomer decisions to
delay or cancel work means that that supply chain are reluctamtvest that
this work is coming alongh (a@Rallenge to get future certainty of work
Geography is an issue, sustaining a workforce in Cumbria, making these
companies invest in personnel
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Can you prioritise the challenges in terms of

10
Q business impact Supply chain Investment/future certainty of work
Q11 Can you prioritise the challenges in terms of
effort required Supply chain Investment/future certainty of work
We have a degn alliance which renewable very 5 years, we have to
demonstrate value for moneybut you weren't getting much savings in the
Q12 How could you overcome difficulties first 2/3 years, that investment bears fruits after, they are not short term
associated with these challenges arrangements
You need to SQEP the assets, that thelyinvolved, they're skills increase, if
they don't get certainty
On one particular project we're dealing with we are tackling issues with the|
N " relationship of project rmnagement setting up training a university (multiple
Would a framework assist with the transition ) » p. prol g . g P g y( . P
Q13 ) ) universities involved Manchester University, local colleges) for Sellafield, th
from asis to the tobe, if so how? ) . . PR A
project management academyA U Qa y 2 u A UUa -itsplannisg;
risk managementA (0 Q& | chiktRreNaces Nifh lotheg others
including engineering
) . . Petrol chemical, pharma, a lot of companies which work with us are those,
What other ETO industries would benefits . .
Q14 because they similar safety scenarios, clean rooms etimpex one of

from a framework?

project, not car industries
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B.21

Head of Surface Ship Division - Interview 21

Interviewee
Company
Position Head of Surface Ship Division
Date 30/08/2016
Location
Time 14:30
Question No | Question Response Key points
niro Briefoverview of research using
appropriate diagrams
Interviewer describes the key
challenges identified in the researc
and asks interviewee of examples
Q1
where he/she has encountered . . . .
Many challengesformality of manging a product and a portfolio of projects
them, would you add or remove ) . "
anv? the whole lifecycle development of product into suppog maritime defence a
v: large scale and small scale
What are the typical key business Our ifecycle process is built around the project lifecydiglly capture what we
Q2 objectives which you require a PLM need to interface to risk associated dependencies understood and
environment to support? management if the prime upgrades what are the effecthow do we get off
contract- contractually
Describe your current PLM We've got a project lifecycle at a high levele have a systems engineering
Q3 environment from your process that is where we manage the integration and the gates are understo|
perspective? product, process
Q4 Describe the tyjzal challenges you
experienced with utilising PLM? ) ) ) ) o ]
Varies between project to projeetfrom a supplier perspectives it is well define
What improvements would you
05 make to a PLM environment to
ensure it meets your business Our lifeg/cle process coversensure everything is captured upfronbur
objectives and why? lifecycle managementcontractual is understooecontract
Can you prioritise the
Q6 improvements in terms of business
impact Lifecycle mgmt.
Can you prioritise the
Q7 improvements in tems of effort
required Lifecycle mgmt.
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How could you better enable the

Your trying to preempt and feedback all the timethe more knowledge of the
systems you have to interface with the betteyou try and avoidespoke but

Q8 !mplementatlon of these you have to expect it

Improvements Ensure you include the primes engineering community and not just project
managers include experts

What typical challenges can you
foresee with transitioning from an

Q9 asis to a PLM environment which
incorporates youimprovements
(to-be) Promote your product early engagement

Q10 Can you prioritise the challenges in| Understanding of supplier perspective in maturgommunicate our maturity
terms of business impact management and product approach to supply chain

Q11 Can you prioritise the challenges in| Understanding of supplier perspective in maturtyommunicate our maturity
terms of effort required management and product approach to supply chain

Q12 How could you overcome difficultie ) ] ]
associated with thesehallenges Our lifecycle managementve have systems engineers review to en§ure that

understood the changes and how to engineer, develop-aterly technical

Would a framework assist with the

Q13 transition from asis to the tobe, if | Factorall the information and impact from informatiora process which allows
so how? comments and feedbackimprove the communicationdetails of communication
What other ETO industries would

Q14

benefits from a framework?

(Not asked due to time constraints)
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B.22

Head of Systems Engineering - Interview 22

Interviewee
Company
Position Head of Systems Engineering
Date 19/09/2016
Location
Time 14:00
Question No | Question Response Key points
Intro Brief overview of research using
appropriate diagrams
Agree with key challenges, but depends on context. We don't make enough use of s
Interviewer describes the key challenges 4nq capabilities of mass manufacturing such as cars, welding technologies etc.
identified in the research and asks | agree with requirements and customer driven approach, the way the customer
Q1 interviewee of examples where he/she | 55nr0aches contracting, individual contacting ‘salami contracts' design, manufacturin
has encountered them, would you add o| g optima solutions- focussen year costs and a more optimal throutjte cost
remove any? Customer abilities to model their costs, their ability to model cost is limited and impa
our ability to model cost against capability and architecture, to give a much better
forecast of costs
PLM has to support profit value for the business, leaner, more for less, appropriate
What are the typical key business metrics. What are the right people when we want enterprissource management? Ho
Q2 objectives which you require a PLM do we optimise those for deliverhow do we deliver that capability. How do we provid
environment to support? an integrate process set. How can we integrate with our business units such with
maritime service for supporPLM through life into maritim service a vehicle for
integration
03 Describe your current PLM environment o ) .
from your perspective? The apPhCﬁthl’] of Process tq manage ogr data, IPPD gawmnfguration change, BoM
integration The flow through into production.
From a systems engineering point of view we have poor integratiequirements mgmt.
are stovepiped for example. How can we tailor our processes so we can provide bett|
value for money
Q4 Describe the tpical challenges you Scalable, noType 26 process for an OPWie same for rolesthe overhead Type 26 can
experienced with utilising PLM? bear is not what an OPV can
Capability of people and capability delivered by grouas we look at high technology th
skills of a fitter etc. In terms of validation/verificatietc. is a key component in providin
certification of the delivered productshow do we enable that
Requirements managemenpeople, processes toolset improvements
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What improvements would you make to

Process and peoplehe toolsets are low down in the scheme of things, ensuring we h
an integrated process sets to ensure it meets ours and customer needs

Q5 PLM environment to ensure it meets you Up skilling peoplesome people get it and understand what PLM is, theran implicit
busines objectives and why? understanding how do you get an explicit understanding
Then there people are those who don't get the main thrust of the conelptv do you
educate and bring them alonghange in behavioural aspect
06 Can you prioritise the improvemenits
terms of business impact
Process and people
Q7 Can you prioritise the improvements in
terms of effort required
Process and people
Identifying demographics of what the market isome marketing understand
dimensions peopléave- those which are explicit/implicit, resistance to change etc.
08 How could you better enable the Try and make training, awareness tailored, a bespoke offering to take them to the
implementation of these improvements | appropriate level and identifying those whighuwould then taketo moveto a higher
knowledge- where are the leadersthen you look at leadership roles
Understanding the position and then target approachoney for maximum bang for
buck
What typical challenges can you foresee|
with transitioning from an sis to a PLM | People acceptance of change is the biggest thimgny decades of resistance which we'
Q9 environment which incorporates your trying to change rail industry have a similar level of pain but are getting to the other s
improvements (tebe) - classical industries can be compared with regard to culture, rail and shipbuilding, hi
skilled but transactional
Q10 Can you prioritise the challenges in term
of business impact Business change management
Q11 Can you prioritise the challengesterms
of effort required Business change management
Promoting message within Central Engineering, they understood, many tens of peop
Q12 How could you overcome difficulties who are change enginesvithin the marine €am they have improved significantlye
associated with these challenges need to demonstrate and show what it has deliveretis is what we have done
articulate benefit to the business and the individual
It would help in as much it would give you a roadmap to indicate the direction of trave
Would a framework assist with the Sometimes architectural models are criticised for just being formulaic a tick box, too
Q13 transition from asis to the tebe, if © - you need to think of what you are doing rather than reflectomgwhat you are doing
how? guide you but not tell you, seed ideas, give you things to think about but not have a g
size fits alt in.our product we have complexity, is a Type 26 and OPV have different
complexities
Q14 What other ETO industries would beftsf | g4 industry: critical engineering projects managing many yeawbat's in those projects

from a framework?

what can we learn, what can they learn from ke weaporsindustry isresponding to a
customer need but they have many 1000's of units, ttery use this framework.

266



B.23

Business Systems Manager - Interview 23

Interviewee
Company
Position Business Systems Manager
Date 25/08/2016
Location
Time 09:00
Question No | Question Response Key points
Intro Brief overview of researctising
appropriate diagrams
Interviewer describes the key
challenges identified in the | recognise a lot of these challenges particular in Ntagt
o1 research and asks interviewee o In maritime we have 2 Landing Helicopter Docks, a very bespoke customised desig
examples where he/she has meet Australian perspective
encountered them, would you Some of those challenges such as BoM maturity is not well understood across mar
add or remove any? our products
/' KFy3S Yyl 38ySyidzr SyaaySSNAay3a OKIy3_
cost overruns implementing PLM
) ) No one has defined key objectives, when we have a product centric project we neg
What are the typical key busines ) ) .
. . . more configuration management approaekey project management approach for
Q2 objectives which you require a )
. managing change
PLM environment to support? ) . . .
A lot of people manageonfigurationas design challenge, not as a full lifecycle
approach when in inservice- PLM across the full lifecycle, that is how we a@uming
in the company
Our process is veffpcussedn configuration management in design phases
Outside the core aspects we using it for supply chaset management
On the technology s we're moving from very bespoke systems to a COTS Wind
taking time, another 5 yearsbecause we are consolidating on the toolset we are
Describe your current PLM suffering from not being able to evolve our technoledpecause we are cordinating
Q3 environment from your wearenotputtingenoB K GAYS Ay G2 OF LI 0Af A Gwheniy L
perspective? come to down our SEA 5000 approach we can take what has been done in the UK
impacting our ability to innovate to conditiorjust what has come from the new
Windchill functionality, not whahas come from our process or people
Some people use change and it's central, other it is just document management
people is the big challenge
If we asked people what they understood as RLbt different people is means
different thing- getting a defiition which is not just Wikipedia is difficult, as we have
different projects which are acquisitiobut we are seeing difference such as AWD
which is moving into the support space
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Describe the typical challenges

Pemle, peoples uptake one of the biggest challenges we face is that everyone wan
their own customised systemshis is massive overheadVith something like Type 45
you can have 1, but for over 40 projects its difficult, we have tried to come up with

Q4 you experienced with utilising standardisation, but every project wants their own way
PLM? ¢KS LISNDSAPGSR KAIK O02ad 2F AYLXESYSyii
then they come back after using second tier system such as SharePoint, but they ¢
back and invest in Windchill licees
Getting away from legadgols, data migration is whatlbws out the cost as everyone
wants to keep the history
| have a very clear busines&ner - maybe this is unique because we have a many
What improvements would you | projects- our head of maritime had one visions which was fiaeross our other
05 make to a PLM environmentto | business we don't have that single ownéfwe went withiBoM ON Type 26 we've
ensure it meets your business have UK telling us what to do or IM&dlling us what to de Engineering don't have a
objectives and why? good overview of how PLM is important to the business
We are very project centric org rather than a product centpeoject managers lead
so the importance of PLM is lost base of cost and schedule
Canyou prioritise the One clear PLM owner would help more which would help focus PLM and focus our
Q6 improvements in terms of approach but as there is no clear owner across the busineseds to be the right
business impact owner so single approach and pisate customised systems
Can you prioritise the
Q7 improvements in terms of effort | Changing from project to product centric due to the way our customer whrkstivat
required delivering the project as opposed to the long term efficiency of the toje
How could you better enable the Put a lot more effort into wining the hearts and minds of the senior peetie
Q8 implementation of these understanding of the importance has been very diffictltey see it as IT, someone leg
improvements project, if it goeswrongit can impact projectsmore effort into winning hearts and
minds of senior people
Everyone agreing what the overall process and process are and what the overall
What typical challenges can you| architecture is some areas of the business wants large and some sszdlable, due
foresee with transitioning from | 14 the varying size of the projects that scalable is a challenge
Q9 an asis to a PLM environment | 0y see it as IT, someone lesejeud, if it goes wring it can impact projectthey don't
which incorporates your want to be seen the history of PLM over the years is that acquired customers have
improvements (tebe) done ittheir way - they see it as IM&T telling them want to din the past we were
never truly one companybusiness change element
Stability
Everyone agreeingData migration is the biggest thingve double cost and schedule
Q10 F:an you prlorm.se thg challengeq astimates as a rule of thumb
in terms of business impact Scalable smaller working for smallerrpjects, other Windchill on tablets for working
on the products
Easy thing is to be as consistent as possible to build integrity into the systeens
011 Can you prioritise the challenges gignt tried to migrate, build stableystem that never goes dowreasy and most

in terms of effort required

important is to build stability and be consistent with development and trainivg
have full time trainer
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How could you overcome

If | could do it differently would put a lot more effort into the organisational change

Q12 difficulties associated with these| piece- we don't go out and approach people and say this is the BAE Australia appr
challenges - We don't have the bandwidthwe have to make our comms and training generic ag
possible- more comms, paers, bulletins etc: we had to reduce the head count so
business change was impacted, seen as low value, then people see it as low valug
| think it definitely help like anything if you have a clear vision you can continue wit
Would a framework assist with comms when you are building your systeny®u got the strategy signed off then its
Q13 the transition from asis to the lost as other seniors don't getdtve have met the key objectives but with a clearer
to-be, if so how? framework, sponsorshipral vision it would help a lotif we want to take this forward
we need a consistent visions
Really understanding what people want from the Enterprises architecttiney see it
as tools nofprocesses we have a big investment with Oracle for ERP but we need t
Q14 What other ETO industries woulq link in with other functions supply chain etc: PLM should join up processed AR is a

benefits from a framework?

good example of we can utilise PLMe are looking at export contrelwith a
combinationof Windchill and oracle (for asset management) it will manage 80% of
problem
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B.24

Wholeship design owner - Interview 24

Interviewee
Company
Position Wholeship design owner
Date 23/08/2016
Location
Time 15:30
Question No | Question Regponse Key points
Intro Brief overview of research using
appropriate diagrams
) ) One oftransfer of risk, how much risk can we transfer to industitycan break big
Interviewer describes the key challengeg S . L ]
. o companies if we get it wrongcan we realistically transferthat is why we have a MOD
identified in the research and asks o )
) ) team- ensure that the design is being managed and are manageable
Q1 interviewee of examples where he/she ) . )
Government will own ansequence of productwe can put life's at risk
has encountered them, would you add o
Taxpayer value
remove any? .
Commonality across defence
We know how these ships will be operated in a combat environmerustry can't
understand this so we bring this into the design and requirements
We need to agn with Government Furnished Information across whole ships
) ) I need the informatia to confirm we are developing solution that meets our
What ére the prlcal key b.usmess requirements and wi be achieved
Q2 objgctlves which you rejwre a PLM Risks are understood
environment to support? Track the information not data but information, what does that meamaturity,
quality, risks, performance measure
Reports for understanding issuestdining in on meeting critical zone reports are
) ) quite good, needs further work with what it means to the schedulgo into the MCE
03 Describe your currt.entoPLM environment and Cognos
from your perspective? Still need the discussion with peoplaeed to understand how make it useful so we ¢
act upon- we're god at generating data but needs to be meaningful
The systems dashboard has lots of data but what does it mpeaaple need to
describe what it meanshuman bit needs to be on it to ensure we can interrogate th
data to make it meaningfuldata to informaion key which requires human element
o1 Describe the typical challenges you Boﬂlng.down all that data is our there to .understand Wha't the ehglneerlng s.tatus is
experienced with utilising PLM? can articulate to my customemeed to boil down to sorthing which shows ussk,
safety and schedule status
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What improvements would you make to

Data digestible which you can make decisions against
- Subs irservice nearly got therea dashboard which shows you the status of the
information progress engineering risk we have, risk, schedule, key issues etc.

Q5 PLM environment to ensure it meets you ) i - ~
. I Integration and understanding of the consequences of othis 2 Libfdsrgation
business objectives and why? ) - ] ] )
access we are good at putting data in thiBoM but if we don't put in the right data for
others- better understanding of what other requireg.g. electrical needs, combat
didn't understand, weightsdo we recognise what we are really missing
06 Can you prioritise the improvements in | Consequencesif people understand consequences they would understand the nee
terms of busness impact for better data
o7 Can you prioritise the improvements in Good quall.ty data is not fjlfflc.ukharder to work Wlth people understandireach other
terms of effort required data- working on stovep!pe5|t gets harder thg blgger the team, when you have a
team of 1000 people split over a number of sites it becomes really hard
EGG meetings workell - MAITS re position as it brings different functions together
Q8 How could you better enable the Geographically stove piped even within Scotstebnild more integrated teams
implementation of these improvements | ommon issuesdisperse teams, e.g. safetpA leads sit together not with their team
- means they talkko each other
We are doing it, are we doing it enoughaval architects should they not be with
stage 2- ata point in the programme we should adapt accordingliage Xocussedso
What typical challenges can you foresee| stage 1 should biocussedon stage 2 delivery
Q9 with transitioning from an ats to a PLM | Challenge is not enough peoplean't allocate individuals to each zone
environment which incorporates your Lose peer supporLFE becomes more difficult to speed ardun
improvements (tebe) Some don't like working outside their arebocation is challenge
There is a danger we try and drive an integrated approach through process and to
which is fine as long as you define your process and toolsets follinass fine but we
need tofocus on people people have different needsneed to get right balance
understanding where people fit into
Q10 Can you prioritise the challenges in term
of business impact Understanding where people fit in
Q11 Can you prioritise the challengesterms
of effort required Understanding where people fit in
012 How could you overcome difficulties Try and inspire 'a level of ownershipcan go into me.lturlty meepng .and somet@es |
associated with these challenges Tee.l People don't care enougimot good re.sponses.ln meetingispire ownership
individually and as a tearsame problem in mod side
MoD has acquisition guidance doc which is our starting pshmuldbe good advice, as
Would a framework assist with the opposgd you must do thatg framgwgrk is required but | think we shou.ld have alm's
013 transition from asis to the tobe, if S0 and directions more of a guide, this is how other products have doneibt steps as it
how? may hamper innovationmore guidance less prescriptiemailor it, more of steer
easily digestible they must be able to understand it they won't follow it, sam# iftd® 3
difficult - must be able to help themamore difficult people won't use them so we'll los
out
_ _ _ Most will benefit as all have to put a team together, secure morgyirks between
Q14 What other ETO industries would beftef | 1,54 ang nomod but they are parallelsgovernance, business case, people

from a framework?

management etc: different technology, integration etc. but they are diani e.g.
underground rail system
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B.25

Head of Platform Engineering - Interview 25

Interviewee

Company

Position Head of Platform Engineering

Date 11/08/2016

Location

Time 16:00

Question No | Question Response Key points

Intro Brief oveniew of research using
appropriate diagrams

Wouldn't remove any
Interviewer describes the key My role |§ understanitig the performance of programmes from a design
challenges identified in the research perspective ] ] ]

o1 and asks interviewee of examples Type f15 | was in project mane.lgemeht, huge focus o.n fiBoM mgmt. BTOM
where he/she has encountered them. l\/.laturlty.- the.procured. BoM dldn.t align with the F|e3|gn BoM, the dellv.ered BoN
would you add or remove any? didn't align with the build BoM alignmeh- parent item ordered and design, but

broken down and challenges with alignment
change management, lots of change once production is undereastly
Minimise rework- minimal the cost of quality cost of failure/rework
Design definition should support easy acceptance by the customer
What are the typical key business g o PP Y P y S .
L ) ) Product definition handed over the customer would help to maintain through itg

Q2 objectives which you require a PLM life

environment to support?
PP Should help us be internationalpmpetitive - a tool for efficiency and not an
added cost for no return
When | hear PLMI hear concept design through to disposal, but from our
Describe your current PLM environmel LISNELISOGAQGS AdQa GKNRdAAK (G2 KIyR20S§

Q3 from your perspective? Organisation we have a hard boundary between peoplkeystem design and detali

Data handover between disciplineaot well integrate- CAD team demand

information from system design whereas they should be involved themselves

Detail design team have their competence dumbed dewrey should be able to

Q4 Describe the typical challenges you | design model and pass to outputseparate

expeienced with utilising PLM? Organisation barriers
Overcomplicate design maturitywe overcomplicate system maturity and spatial
maturity - maturity management defiantly area which adds value, we add
LINRINBaAaAaADS NBFAYSR 2F | aedaidsSy KA
What improvements would you make

05 to a PLM environment to ensure it
meets your business objectives and | gjmply the sgtems design maturityat requirement level the customer sign up to
why? On the Irish OPV | introduced a maturity criteria with changjenplification
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Can you prioritise the improvements in

Q6 terms of business impact (use Simplifiation
impact/effort matrix) Get to the important principles before you get to part level
Can you prioritise the improvements in
Q7 terms of effort required (use
impact/effort matrix) Simplification
08 How could you better enable the
implementation of these improvementy o
Simplffication
What typical challenges can you foresq |t has been recognised by naval shipse are looking at organisational desiga
Q9 with transitioning from an as¢s to a capable hub for thédusiness it is taking us to a capability hub across all out ared
PLM environment which incorporates | cross functional teams at appropriate points, e.g. systems designers
your improvements (tebe) management aspects would reside in the projealso project mgmt., customer
mgmt., detail design (due to schedutegmt. with volume) more resource availabl
Improve utilisation of key resourcegocus on core business value adding activiti
Can you prioritise the challenges in
Q10 terms of business impact (use
impact/effort matrix) Organisational construct
Can you prioritise the challenges in
Q11 terms of effort required (use
impact/effort matrix) Organisational construct
Q12 How could you overcome difficulties
associated with these challenges Don't know- pilot on the HVAC area
Would a framework assist vhitthe
Q13 transition from adis to the tobe, if so | Absolutely- a framework/method/process how does that team interact and be
how? consistent- schedule demandsthe answer is unknown
Hospital- new Queen Elizabeth, massive undertakisgstems of systems
Q14 What other ETO industries would operability issues complex organisation, NHS

benefits from a framework?

Nuclear power station
| want outside expertisel am recruiting test and commissioning and | want som
who has commission a hospital or chealiplan
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B.26

Lead Combat Systems Integrator - Interview 26

Interviewee
Company
Lead Combat Systems
Position Integrator
29the March 17
Date
Location
Time 15:00
Question No | Question Response Key points
Intro Brief overview of reseah
using appropriate diagrams
Interviewer describes the key
challenges identified in the
research and asks
Q1 interviewee of examples
where he/she has ,2dz OF LWGdzNBR AG ¢St 3 e famiy Backgidaiid ahdi A
encountered them, would experience it is relevant and expected, | would note because of your background or
you add or remove any? research you touched on key points which would have occurred to me naturally
What are the typical key
business objectives which yo| pyqfitapility, lifecycle management, in my mind 2 thingisk reduction for exposure to
Q2 . .
require aPLM environment | \yarranty costs or rework, it is also a key resource for customer satisfagtian
to support? delivered product meets customer requirements
We were trying to get the latest technology in, but had immature technical ref materi
configurations such as software were immatyqrehallenges rolled down to other
systems due to interconnectisn
) PLM challenge of on nelnockheed sourced supplier data
Descibe your current PLM
Q3 environment from your The size of the programme a challergeariants/design streams which needed to run
perspective? from same PLM platform e.g. export orders for Japanese, Spanish and US navy ex
to different ships.
SAP prodcts were used
Describe the typical We would make a design change and often found it difficult to export properly into
Q4 challenges you experienced | government systems or our partner Bath Iron Works systems. Goverranetitath had
with utilising PLM? propriety inhouse developed systems.
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Different supply chain procurement activities across partners which affected product
such as bolts not fitting nuts as a crude example.

Technical document when they expanded the programme they had different standa
for testing, constantly rewriting test specs due to different partners having different
specs they used for their sites.

Information for training out of synch with the new products

What improvements would
you make to a PLM

| love youriBoM, also your data loader for vendor information which populates suppli
information; it would have been an enormous improvement for us.

The customer was paying multiple times for multiple information clesndpe it being in
different systems. Single sourcing is the key, all of the technical, design, logistical ar]

Q5 environment to ensure it
meetsyour business schedule all single sourced. Single point of truth
objectives and why? We then used the cloud which has helped
Can you prioritise the
Q6 improvements in terms of
business impact Single, integrated source
Can you prioritise the
Q7 improvements in terms of
effort required Single, integrated source
How could you better enable
Q8 .the implementation of these Start with it from the beginning, | would weithe contracts so that all players use that
Improvements system/approach. That the integrated data environment is stipulated for all players,
equally obligated to use that system, no way for them to go away and created their g
What typical challenges can
you faresee with transitioning
from an asis to a PLM -
Q9 . . Contract misalignment.
environment which
incorporates your With a big company | had resources to draw on; with smaller vendors/suppliers they|
improvements (tebe) RARY QU KIF@S G(GKS NBagadmilin®a (2 & dzLJLI2 NI
Can you prioritise the
Q10 challenges in terms of
business impact Resource for smaller vendors/suppliers to take integrated approach
Can you prioritise the
Q11 challenges in terms of effort
required Resource for smaller vendors/suppli¢estake integrated approach
How could you overcome
Q12 difficulties associated with | We leveraged ours resources to help the smaller companies understand, comply an
these challenges integrate
) Of course it would, anything such as a giskor template would help. We could give
Would a framework assist .
) N . them to the contracts to say what we want, to the suppliers to say what they need to|
Q13 with the transition from ags L
to the tobe. if so how? and schedule what they need to do. Helps people to ustierd. Keeps the end in sight
' ’ from the beginning, helping getting to the end point
What other ETO industries
Q14 would benefits from a Civil engineering activities, Power plants, once off type things such as missile defen

framework?

system in Romania
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B.27

Senior Systems Engineer - Interview 27

Interviewee
Company
Position Senior Systems Engineer
Date 31/03/17
Location
Time 1000
Question No | Question Response Key points
Intro Brief overview of research using
appropriate diagrams
Interviewer describes the key
challenges identified intheresearch| L g2dzZA R F INBS 6AGK G(KSYZX 46SQ@S SyO2d
Q1 and asks interviewee of examples customisgion from programme to programme.
where he/she has encountered them . . .
Not high volume compared to other industries
would you add or remove any?
What are the typical key business | | think PLM to cradle to grave, concept to disposal.
Q2 objectives which you require a PLM . o _
environment to support? 2 SQONB O ®bliBsedyhdh® development lifecycle to meet the customer need
and contractual requirements
We view the PLM environment as tool centric, for me the PLM environment we tf]
) ofis Windchill, lknow® & Y2NB G(KFy GKFG o6dzi AdGQa
Describe your current PLM ) .
Q3 ; ) provides us, devepment of the product, documertontrol, management of supplie
environment from your perspective?| . . . ) . .
information, ensuring the configuration management of our product is secure,
traditional Change Management
hy$ &2dz K 98y Qi YSyidAr2ySR Aa Odz ddzNg
We are new to PLMy (diffiéult to change the business model
Destibe the typical challenges you We have a certain company business model whiek developed before the days of]
Q4 experienced with utilising PLM? tla FyR G22fa fA1S 2AYROKAtt® LiQa
and use Windchill. Everyone has different opinions with multiples projects which
through different lifecycles. What those processesand what data requires to be
managed is difficult. Its difficult due to those like us who are new to PLM
What improvements would you maks
05 toaPLMenvironmenttoensureit | ca NJ YS§ LISNE2 Y| £ f &he Hebighiof PYN2 itsdlf asioppdsBd/tal A 3
meets your business objectivesand | 2 g2y LA y3 Ay (22 ljdAOltes 6KAOK 6500S
why? and the processes before you jump into it too quickly.
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All the things you want to do upfront but the senior just want a demo, thent it
R2yS I yR (KSe& R2y Qi dzyRSNaAGFYR (KS (
figured out upfront

Can you prioritise the improvements

6
Q in terms of business impact ]
Process, data and people approach in place upfront
Q7 Can you prioritise the iprovements
in terms of effort required
Process, data and people approach in place upfront
9RdzOF GA2Yy S AlGQa 6KIG Y& AyGSyosC)aAa 2
How could you better enable the Education to ensre those who have a stake in it understand the importance of do
Q8 implementation of these it right up front.
Improvements Training which can help the process and Windchill expertise, those who understg
data management principles, education and skillsets
What typical challenges can you
foresee with transitioning from an as
Q9 is to a PLM environment which
incorporates your improvements (fo
be) Same old problem, getting the funding in place to get from A to B.
Can you prioritise the challenges in
Q10 . . .
terms of business impact Funding
Q11 Can you prioritise the challenges in
terms of effort required Funding
Understanding how much BAE approach can be incorporated, learn from the ind
that does it better, you guym BAE are ahead of us.
Q12 How could you overcome difficulties| = § 2 F Sy R2yQi fS@GSNI IS GKS |y26t SR
associated with these challenges 2 AYROKATE (2 R2 a2YSGKAY3 YR 65 R2
GAGK GKS (22t 6KAOK Al &1 &y Qurkifg Sithiha
vender, this gets back to funding again
Would a framework assist with the | Absolutely, what | think you are suggesting is that the output of all your research
Q13 transition from asis to the tobe, if SO | be briefed back to us faus to reap the benefits on CSC. Our senior folks would lo
how? to get that briefing and it would help with the education | am trying to battle
We do work for the air force and | know as an epéerthe F35 programme is heavily
014 What other ETO industries would engaged in Windchill.

benefits from a framework?

(n

| yesKSNB 6SQNB 088y O2yinN: OGSR d2 R
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Appendix C Interview Analysis i NVivo export

Themes andodes No of No of
Sources References
A- Additional key challenges 0 0
BoM, Configuration, Chargand Maturity Management 0 0
BoMand Maturity management 4 4
Configmgmt.and baselines 2 2
Immaturity from supply chain to support programme dates e.g. cut steel 1 1
Complexity and Uncertainty 0 0
Complexity- Misc. 1 1
Product complexity 1 1
Sysem of system not just with the product but for its use 1 1
Customer interaction and procurement 0 0
Changing customer expectations 2 2
Customer misc. 3 7
General supporting comments 14 14
Highly customised, few off 0 0
Alignment of our supplier imfmation to supplier systemskey difference in 2 2
large volume suppliers who can Hependenton one supplier, welisqualifyif
SO
Bespoke and long design lifecycle 3 3
Few and one off 1 1
Few organisations who can undertake ETO projects 1 1
Maturity of the business 2 2
Obsolescence due to lotifecycle 1 1
Only company which can provide the product 1 2
PLM in ETO immature compared to other industries 1 3
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Themes andodes No of No of

Sources References

Product specific customised elements 1 2

No prototype 0 0
Design and manufacturing ovepla 1 1
Design for manufacture 1 1

High quality of product required 1 1

No prototype- misc. 2 2
Project Management 0 0
Control over the data due to size and length of programme 1 1

Cost estimations 3] 3]

Cost overruns 2 2

B- Key business objectivesrfPLM 0 0
Information 0 0
Manage security, export and IPR obligations 2 2
Management & presentation of evolving product maturity 7 8
Management of product configuration & emergent change 0 0
Change, BoM, config and maturitgontrol, consistency ahhistory 11 13

Through life design definition (baseline) management 2 2

Through life multiple ship design definition (baseline) management 1 1

Single point of truth to capture evolving product data once, use many times 7 9

reduce duplication and increa quality

Single point of truth 3 3

Through life capture, integration and management of all evolving product 2 S
information from all stakeholders

Change, BoM, config and maturitgontrol, consistency and history 11 13
Consistent and controlleBoM 1 1
Design integration 1 1
Managing supplier data 1 1
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Themes andodes No of No of

Sources References

Through life- whole lifeinto support 4 4

Up-to date, traceable, relevant and configured information that can be acces 14 14
Design integration 1 1

People 0 0
Demonstrating to the custoer that the product meets requirements 4 4
customer requirementsLinking delivered product to requirements 3 3

Taxpayer demonstrating value for money 1 1

Enable improved decision making 3 3
Enabling collaboration across multigies 1 1
Managemaet of the culture of PLM across all stakeholders 1 1

Support organisational knowledge management and learning 1 1
Process 0 0
Cost, profit, risk reduction and value for money 1 1

Cost control through information management 1 1

Profitability 1 1
Riskreduction 3 3

Enable product development & build collaboration across all stakeholders 3 4
Integrate engineering with digital planning 2 3

Safety, test andommissioningnfluencingdesign 2 2

Enable quality through right first time and reduction imak 5 6
Reputation protection and enhancement 1 1

Enabling standardised design and build 2 2
Standards 1 1

Support the design and build for product safety amironmental 1 1

considerations

Safety, test andommissioningnfluencingdesign 2 2

C- Current PLM environment (from your perspective) 0 0
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Themes andodes No of No of

Sources References

Information 0 0

Data rich 1 1

Managing different views for different stakeliers 3 5

Maturity - understand status and plan for next phase 1 1

Single evolving BoM 2 4

Process 0 0

Facility management 1 1

In transition to improve quality and integration 1 1

Requirenents management 1 1

Throughlife, Whole life 3 3

Technology 0 0

PDM backbone 2 2
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Themes andodes No of No of

Sources References

Unintegrated systems 3 3

D- Keychallenges ofitilisingPLM 0 0
Information 0 0
Integrating complex product information througlifie across multiple toolsets 1 1

Integrating information througHife across multiple toolsets 1 1

single point of truth challenge 1 1

through lifetechnology and data integration 7 7

Mgmt. of product information maturity & @ relationship to change & 8 8

configuration management

Engineering maturity issues resulting in change 1 1
Supply chain information 1 1
What is Design evolution and when doebécome change 1 1
Not relevant to research 0 0
Focus on high value items, not smaller, many off 1 1
Information managementtraining information out of synch with new or 1 1

ship systems

Through lifechallenges, e.g. issues 10 years from delivech s1s 1 1
warranty
Not relevant to research 0 0
Business intelligence 1 1
People 0 0
Education, adoption and understanding vabfe®LM and its relationship to 8 11
quality
People- new ways of working 2 2
People- ownership 1 1
People- stakeholde engagement 1 1
People- understanding why its required 5 5
Whatdsin it for me!- What are the benefits to engineers entering and 1 1

maintaining the PLM data
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Themes andodes No of No of

Sources References
Lack of PLM expertise 0 0
Central team to help with ownership, implementation, requirement 1 1

capture, process creation and management

Obligations and througtife implications of peoples actions or naations 1 1

Understanding maturity management and their obligations 1 1

Understanding processes, toolsets and throdifgh product informaion 1 1
integration

People understanding change and config 1 1

Working collaboratively across all functional areas 1 1

People- unintegrated teams 1 2

Processes 1 1

Creating processes which meet business objectives but are not overly comg 1 1

Multiple programme level approach to product lifecycle management 1 1

Commercial and Export obligations 1 1

Schedule development and management with bespoke product 1 1

Difficult to implementimprovementson live programme 1 2

Standardising processesalto bespoke nature of product 2 2

Technology 0 0

Creating a system of systems through toolset integration and rationalisation 11 16

Evolving technology from previous lotifgcycle products 0 0

Integrating and changing technology from legacy prograsyme 2 2

project data into new environment

legacy systems integration impacting ability to innovate 1 2
Symbiotic technology management, and integration on ifegycle 6 7
products

Long programme dealing with changing environments 1 1

Symbiotic andntegrated toolsets challengedntegrating toolsets 1 2

means they have to be upgraded together
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Themes andodes No of No of

Sources References
Technology robustness & longevity to support l8ifig product design & build 3 4

(L
Toolset performance with massive datasets 1 1
Toolset complexity ahsimplicity balance to meet business objective 2 2
Configuration management technologyariants 1 1
E- What improvements would you make to PLM to meet your objectives 0 0
Information 0 0
Central Team with SQEP for PLM information integration,ypdiwelopment, 0 0

standardisation, LFE & adherence across business

Common metadata with support 1 1
Information integration within engineering systems 2 5
Integrationthrough life 2 2
Integration with maintenance and facilities 1 1
Plan up front information approach, processes and people 1 1
Standardised approach for data across programmes 1 1
Develop Configuration & Change Management approach across single ETC 1 1

product classes & variants

Understanding of data to support change management 1 1
Variant managementboth within single ananultiple ships 1 1
Develop Data quality and governance policy, team and adherence approact 4 4
Develop policy to capture what information is required by the business and | 2 2

it will be used

communicatingnformation so its relevant ancheaningfulas to 1 2
programme status

Understanding of information integration impactor making 1 1
engineering decisions

Use of data for understanding programme maturity, risk, cost and 2 2
schedule status to make managent and engineering decisions

People 0 0

Comprehensive business change initiative on PLM 0 0
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Themes andodes No of No of

Sources References

People- business change 3 3
People- Understand benefits 5 7
Cross functional PLM education programme embedded within the core busil 2 2

training progranmes emphasising core values and objectives

Enable improved decision making 1 1

Ensure you drive through what you planned with PIDMdn't stop when it 1 1
becomes difficult

People- skills, comms and training 6 9

Provide evidence of benefits to senmanagemento enable support and 2 8
maintain sponsorship

Quantify benefits 1 1

Senior business owners, sponsor 1 1

Process 0 0
Central Team with SQEP for PLM business process ownership, developmer 0 0

standardisation, LFE & adherence across business

Standardise processes across all programmes 3 4
Use early in the lifecycle and scale 1 1
Guidelines and governance over process complexity to ensure they are sim| 6 9

and usable
Technology 0 0
Drive integration of information through toolsettianalisation 6 7
Technology and interfaces 1 1
Focus on toolset development on business objectives, priorities and ease 2 3

use to reduce complexity of processes

user friendly 1 1
Identify and implement configurable PLM toolset with minimal ousisation 1 1
Don't customise 2 2
Drives customisation 1 1
Flexible configurable technology 1 1
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Themes andodes No of No of

Sources References

IT architecturémprovementsto support new ways of working and ensure 2 2
toolset performance

F- Better enable implementation of PLM improvements 0 0
Information 0 0
Develop Configuration and Change Management approach across single pr 2 2

classes and variants

Improved information from systems as to impact of engineering chanc 1 1

Develop policy to capture what information is required by theibess and how 0 0
it will be used

Closer integration with Centr&ng.team and Project management to 1 1
help turn data into project information

People 0 0
Central team with SQEP to develop PLM objectives, education and suppor 3 4
business

Busiress level central team to drive business objectives to team 2 2
Centralised team to help cost and benefinplement investment from 3 4

previous programme

Comprehensive business change initiative on PLM 0 0
Dedicated business change manager 1 1
Trainhg - communicatewhat&in it for them 1 1
Training- business change managementhy they need to change 1 1

something they've been doing for years

Training- success stores from other organisations 1 1

Cross functional PLM education programme emletidithin the core business 0 0
training programmes emphasising core values and objectives

Training- Better understanding of how information is structured 2 2
Training- better use of training 1 1
Training- Dedicatedtraining on PLM and whiyGs critical 1 1
Training- educating the consequences of the information 1 1
Training- link PLM training to other functionshole lifePM, Supply 4 5

Chain, T&C, Planning, Ops
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Themes andodes No of No of

Sources References

Training- why architecture was designed this way 1 1

Not relevant to research 0 0
Validation and verificationuse of system engineering principles 1 1

Process 0 0
Central Team with SQEP for PLM business process ownership, developmer 0 0

standardisation, LFE & adherence across business

Central team to help with ownership, impl@mtation, requirements 3 3
capture, process creation and management

Processnd technology ready and mature for programnteot 1 1
implement on live programme

Software vendorsimproved approach, not just sell licenses 1 1
Mandate utilisation of PLMrpcesses internally and to partners and supply 1 1
chain

Contractual, both internal and external, agreement that integrated 1 1

approach will be taken

Drive supply chain experience into businedsn't dictate to them 1 1

Supply chainimproved integation 2 2

Supply chain certainty of work 1 1

Technology 0 0
Focus on toolset development on business objectives, priorities and ease 0 0

use to reduce complexity of processes

Analyse system use and act 1 2
Keep tools and process simple 2 2
Scaihg depending on programme size 1 1
Survey user satisfaction and act 1 1
Identify and implement configurable PLM toolset with minimal customisation 2 2
Balance between technology functionality available & what is requirec 3 3

support the business

IT, robust and flexible, Agile scrum 2 2
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Themes andodes No of No of

Sources References

IT architecturémprovementsto support new ways of working and ensure 3 7
toolset performance

Testing 1 1

G- Challenges with implementing PLM improvements 0 0
Information 0 0
Mgmt. of product information matuty & ités relationship to change & 1 1

configuration management

Not relevant to research 0 0
Supply chain integration cost benefit 1 1
People 0 0
Cost and benefit buin to allow investment an ongoing management support 6 7

Cost- resources for smadt groups, partners or suppliers to use 1 1

integration approach

Moving from programme to business centric organisation 1 2
Education, adoption and understanding value, and its relationship to quality 1 1

Cultural change 4 5

People- agreed approach fodifferent stakeholders who have different 1 1

needs

People- getting right balance to ensure they are not overloaded 1 1

People- Keeping momentum going when there are other challenges 4 5

people- not too information and toolsefocussed rather theyget the 1 1

right support

People- they want it simple, easy to understand, difficult with complex 2 2

requirements

People- understanding technology 2 2
Lack of PLM expertise 0 0
People- lack of right PLM expertise 3 3
Obligations and througtife implications of their actions or neactions 0 0
People- Do they understanavhats required 3 3
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Themes andodes

Understanding processes, toolsets and throdifg product information
integration

People- they understand their areas, not others

Process

Qreating processes which meet business objectives but are not overly comp

Ensure all organisations adhere to PLM approach

Development and adherence to PLM processes

Technology

Creating a system of systems through toolset integratiod etionalisation

Technology robustness & longevity to support léifig product design & build

Mature technology

Software vendors don' understand complex ETO environments

Rapid development to meet urgent emergent needs

Managingchanges to PLM environment due to changing busine
needs

H- Overcome difficulties with PLM implementation challenges

Information

People

Central team with SQEP to develop PLM objectives, education and suppor
business

Centralteam to help with facilitation

People confidence with systems and approach

Comprehensive business change initiative on PLM

Business change management

Drive PLMmprovementsinto Operations environment

People- ownership of inform&on

People- sell benefits

No of
Sources

No of
References
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Themes andodes

Cross functional PLM education programme embedded within the core busil
training programmes emphasising core values and objectives

Cost and resource, top down, to support to help everyone use an
integrated appoach

People- culture of sharing

People- right skillsets

People- train how their actions impact other functions

Provide evidence of benefits to senimanagemento enable support and
maintain sponsorship

Senior Management ownehip

Sustainable benchmarking across relaitegdustriesand vendors for
businessmprovementand confidence

Process

Technology

Identify and implement configurable PLM toolset with minimal customisation

|- How would a PLM implemeation framework help

General positive comments

Information

People

Help to communicate to senior management what PLM means and its benef
to release funding

Help with communicating roadmaghow to go from ass to a tebe - setsgoals
and targets

Help with communicating why we are using PLM

Help with learning

Help with showing relationships between functions and stakeholders

Pictorial- not data heavy or will not be used

Schedule integrationeducate rehtionships

Process

No of
Sources

No of
References
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Themes andodes No of No of
Sources References

Assist with early project planning 1 1

Help to link across functions 2 2

improve supply chain integration 1 1

Improved link to quality management 0 0

Operating model and framework the samevolve to suit 1 1

Scalable 2 2

Help to implement new technology with an integrated stakeholder communit 1 1

Big Ports developments 1 1

Bridges 1 1

Civil Engineering 1 1

Formulal 2 2

MoD projects 3 3
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Themes andodes No of No of

Sources References
Oil and gas 4 4
One off aerospaceprototype 2 2
Power stations 3 3
Rail 7 7
Space 2 2
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Appendix D The draft framework

Objectives

Challenges

Enablers

Through Iife £apture, & f all

awvolving produsct Infarmation fromi all stakeholders
Single point of truth to capture svoling product:

ying. managing & emegent
«compilex Information for management decision
making

Develop pol cies i capture what Information b reguined &
o it will be:used within an evolving comales product

[PLM information integratian, policy developmant,

dupdication & increase qual ough-ife learning from & adherence using
Information - . acruss mukiple maisets suitable expertise within a dedicated cross functional team
Marmage security, export & intellectual property IDevelop data quality & governance policy, team & adherence
Th of product: maturity & aparaach
of evaiving. itsr to change, schadule &
Up-to date, traceable, nelevant & configuned st Develap Configuration & Change Management
information that can be accessed acrass an ET0 product & Hs variants
Support the design & bulld for product safety & Creating processes to delivwer business chjectives and P devek
emvironmental considerations ane not owverly complicated standardisation, learning from experience & adhenence using
Enabla quality through right first time & reduce rework suitable expertise within a dedicated cross functional team
Enable & build & to ensure
Process acrass al sakenalders ‘they are simple & usable
Manage schedule, cost, profit, risk reduwction & value for
money = Mandate utlisation of PLM processes inmrnally, to partners
‘Enable standardised design & bulld & tha sunply chain
across muttipe Perzannal of thair & Frovide continuing evidence of benefits to senior
throwgh-life Impiications of actions or non-actions management to enable support & maintain FLM spansorship
[Demonstrating ta the customer that the product meets Edueation, adoption & understanding the valkue af Comprehensie business change Inftiative on FLM
E PLM & its relationship to quality Cross functional FLM education approach embedded within
People Sppot processes Stoaksets & s relationshin || the core core
Iesrring \aluses & objectives
Warking collaboratively across all business functions. Dewelop PLM objectives, education approach & support to
Enabie Impraved decision making L of gt el ol LM hm—:TMwmn-Mm
Technelogy robustness & kengevity to suppet lang- Identify & implement configurable PLM tooksets with minimal
tfe praduct design & buld customésatian
Technology compkeity & smplicity balance to mast: [Drive Integration of information through toolset:
Business cojectue rationalisation
Technology Foous taaket cevelopment an business chjctves, prianties

Creating a system of systems through toaket
Integration and rationalisation

& saze of use to reduce complestty of processes

support naw PLM

I
capaiiity & ensure tookset performance
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Appendix E  Poster used for evaluation
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