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Abstract 

This thesis presents the first ever framework for implementing Product Lifecycle Management (PLM) 
within high value Engineering to Order (ETO) programmes. It describes the PLM related challenges in 
large-scale, complex, long-life, no prototype, highly customised, one-off or few of kind ETO products 
compared to other product types such as Make to Stock (MTS), Make to Order (MTO) or Assemble to 
Order (ATO). It highlights that the scale, complexity, uncertainty, long-lifecycle, maturity management 
and an inability to prototype ETO products results in significant challenges necessitating a tailored 
approach to PLM Implementation. 

The framework has been developed using a qualitative methodology based on the thematic analysis of 
27 semi-structured interviews, and 1 pilot interview. The participants were senior personnel from 11 ETO 
organisations in the UK, France, Australia, USA and Canada. 

Each of the themes in the framework is described in information, process, people and technology sub-
sections within the main section of objectives, challenges and enablers. The themes were developed using 
a qualitative methodology which 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 responses. The results of this preparation 
supported the development of the findings as each theme and related key points could be easily identified 
and described.  

The validation and evaluation used a questionnaire to ask selected participants from ETO products for 
their opinion on statements related to the framework. There were 19 evaluation participants who were 
selected from 7 ETO organisations. The responses to the questionnaire statements and the comments 
supported the objectives of the questionnaire for quality, structure and versatility with the majority (95%) 
of the responses either agreeing or strongly agreeing with the statements.  
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 Introduction 

 

Organisations collaborate on New Product Development (NPD) to leverage the benefits of expertise 
ŀŎǊƻǎǎ ŘƛŦŦŜǊŜƴǘ ƎŜƻƎǊŀǇƘƛŎŀƭ ƭƻŎŀǘƛƻƴǎ ŦǊƻƳ ǾŀǊƛƻǳǎ ǎƻǳǊŎŜǎ ǘƻ ŜƴŀōƭŜ ΨǎǘǊŀǘŜƎƛŎ ƻǊƛŜƴǘŜŘ ǇŀǊǘƴŜǊǎƘƛǇǎΩ ƛƴ 
order to reduce costs and increase quality [1]. These extended enterprises [2] ΨƳŀȅ ōŜ ǊŜƎŀǊŘŜŘ ŀǎ ŀ 
collection of independent, heterogeneous companies working closely together in order to produce an 
ƛƴǘŜƎǊŀǘŜŘ ǇǊƻŘǳŎǘ ƻǊ ǎŜǊǾƛŎŜ ƛƴ ǿƘƻǎŜ ŎƻƳƳŜǊŎƛŀƭ ǎǳŎŎŜǎǎ ǘƘŜȅ ŀƭƭ ƘŀǾŜ ŀ ǾŜǎǘŜŘ ƛƴǘŜǊŜǎǘΩ [3]. The 
approach is applicable to large-scale, complex long design 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 
lifecycle 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 creation and are 
potential beneficiaries and risk bearers [4].  If implemented successfully the rewards of the extended 
enterprise can be significant with even the very survival of the organisation relying on establishing and 
improving the relationships with the stakeholders [4]. These stakeholders utilise the information 
management environment as a way of collaborating and exchanging infƻǊƳŀǘƛƻƴ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ǇǊƻŘǳŎǘΩǎ 
lifecycle. The automotive company Chrysler estimate that: Ψ5,000,000 people and 100,000 organisations 
are involved in their extended enterpriseΩ whilst ΨRolls Royce estimate that 70% of the value of one of 
their engines is ŎǊŜŀǘŜŘ ƻǳǘǎƛŘŜ ǘƘŜ ŎƻƳǇŀƴȅΩ [3]. 

The increasing level of collaboration across multi-site extended enterprises requires greater management 
of product information, 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 to market, quality, business measurement, 
protecting Intellectual Property Rights (IPR) and auditing [5]. Nolan stated that Ψt[a ǎǳǇǇƻǊǘǎ ǘƘŜǎŜ 
organisational objectives through the management of business processes and associated information, 
ōƻǘƘ ƘǳƳŀƴ ŀƴŘ ǎƻŦǘǿŀǊŜ ƎŜƴŜǊŀǘŜŘΣ ŀŎǊƻǎǎ ǘƘŜ ŜƴǘƛǊŜ ǇǊƻŘǳŎǘΩǎ ƭƛŦŜŎȅŎƭŜΩ [1]. He went on to describe 
that to deliver these benefits requires PLM processes and technology such as Product Data Management 
(PDM), Computer Aided Manufacturing (CAM) and Computer Aided Design (CAD).  

/La5ŀǘŀ ŘŜǎŎǊƛōŜŘ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ t5a ƛƴ ǘƘŜ ƭŀǘŜ мфулΩǎ ŀƴŘ мффлΩǎ ǘƻ ǘƘŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ t[a ǳǎŜŘ 
to manage todays products [6]. CIMData ŘŜŦƛƴŜŘ t[a ŀǎ Ψŀ ǎǘǊŀǘŜƎƛŎ ōǳǎƛƴŜǎǎ ŀǇǇǊƻŀŎƘ ǘƘŀǘ ŀǇǇƭƛŜǎ ŀ 
consistent set of business solutions in support of the collaborative creation, management, dissemination, 
and use of product definition information across the extended enterprise from concept to end of life ς 
ƛƴǘŜƎǊŀǘƛƴƎ ǇŜƻǇƭŜΣ ǇǊƻŎŜǎǎŜǎΣ ōǳǎƛƴŜǎǎ ǎȅǎǘŜƳǎΣ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴΩΦ ¢ƘŜȅ ǿŜƴǘ ƻƴǘƻ ǎǘŀǘŜ ǘƘŀǘ t5a ǿŀǎ 
first used to manage CAD files in home grown systems primarily for engineering but evolved to PLM which 
included multiple business functions to increase quality, reduce cost, increase return on investment, 
improve innovation, increase quality and improve collaboration. The time evolution of PLM is illustrated 
in Figure 1.   
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Figure 1 The evolution of PLM  

Design collaboration has matured rapidly since the advent of web technologies; so much so that these 
collaboration tools have functionality surpassing those of the traditional non web-based PDM systems. 
Emerson stated ǘƘŀǘ Ψthe advent and widespread adoption of the Internet and web-based tools has had a 
tremendous impact on development and utilisation of PDM and related systems, and promises an even 
ƎǊŜŀǘŜǊ ƛƳǇŀŎǘ ƛƴ ǘƘŜ ŦǳǘǳǊŜΩΦ These technologies are maturing to a level where design is shared and 
managed by facilitating real-time collaboration with various stakeholders across a networked real-time 
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 geographical locations. Configuration Management (CM) 
ƛǎ Ψŀ ƳŀƴŀƎŜƳŜƴǘ ŘƛǎŎƛǇƭƛƴŜ ǳǎŜŘ ǘƻ ŎŀǇǘǳǊŜ ŀƴŘ ŎƻƴǘǊƻƭ ŘŀǘŀΩΣ ŀƴŘ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ ŀƴ 
extended enterprise but is challenging for people, process and technology [8]. These technologies have 
enabled organisations that produce large-scale engineering products to become integrators of systems 
developed in an extended enterprise by the various stakeholders across multiple geographical locations 
[1], [9]. 

PLM is used to support the product development process across various product types. Assemble To 
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, the tail fin designed in Spain and the engines 
designed in either Britain or America [10]. The A380 for example has 4 million parts supplied from 30 
countries [11]. 

PLM is also used to support an extended enterprise in Engineer To Order (ETO) 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) Aircraft Carrier which 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 chain [12]. 
Another example of an ETO product designed across an extended enterprise 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 anti-submarine and general purpose capability. The ships are being designed and 
built by BAE Systems across a number of locations including Glasgow, Portsmouth and Bristol. The 
programme began its system design, or assessment phase, in 2010 with the first of eight ships entering 
ǎŜǊǾƛŎŜ ƳƛŘ нлнлΩǎΦ ¢ƘŜ ¢ȅǇŜ нс D/{ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ōȅ ǘƘŜ ¦Y DƻǾŜǊƴment as a product which could 
secure export opportunities for UK industry [13].  

The GCS has proven successful in the export market with both the Australian and Canadian governments 
choosing the product as its preferred design for their own naval requirements, resulting in multi-billion 
pound orders [14]. Due to the success of the GCS, the BAE Systems PLM implementation will be required 
to support the management 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 Hadron Collider (LHC) 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 Switzerland and France which operates particle accelerators in a 27km circular tunnel 100m 
below ground. It involves millions of high-tech components with a lifecycle measured in decades, and has 
80 countries from across the world involved in its design [11].   

The Crossrail project is a £15B project 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 work 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 types. The existing research 
does not 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 the overlapping 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 procurement process is also challenging due to each 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 are long lead-times 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 product can 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 which is 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 schedule and cost. 

ETO products have a maturing design over many years, throughout this lifecycle there will be changes to 
the configured design which are required to be managed. This is further compounded by manufacturing 
beginning before the design is fully mature, resulting in product change affecting not just the design but 
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also potentially causing manufacturing 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 to test 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 costly 
and time-consuming due to its scale.  

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

1.1 Guidance for PLM implementation on ETO products 

The Cambridge dictionary descǊƛōŜŘ ŀ ŦǊŀƳŜǿƻǊƪ ŀǎ Ψŀ ǎȅǎǘŜƳ ƻŦ ǊǳƭŜǎΣ ƛŘŜŀǎΣ ƻǊ ōŜƭƛŜŦǎ ǘƘŀǘ ƛǎ ǳǎŜŘ ǘƻ 
Ǉƭŀƴ ƻǊ ŘŜŎƛŘŜ ǎƻƳŜǘƘƛƴƎΩ [15]. A framework can provide guidance to organisations on what is required 
to successfully implement PLM on ETO products. Sections 2 and 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 
ETO NPD 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 al. conducted a literature review on existing PLM frameworks and stated ǘƘŀǘ Ψt[a ƛƴƛǘƛŀǘƛǾŜǎ 
range from Information System (IS) change to strategic business transformation, and capabilities to 
ƛƳǇƭŜƳŜƴǘ t[a ǎǳŎŎŜǎǎŦǳƭƭȅ ŀǊŜ ǳƴŎƭŜŀǊΩ [16]Φ ¢ƘŜȅ ǿŜƴǘ ƻƴǘƻ ǎŀȅ ǘƘŀǘ ΨǘƘŜ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ŀƴȅ ŎƻƳǇŀƴȅ ƛǎ 
to identify the most relevant model that can be adapted to the context of the business. These models 
offer a starting point to create a systematic approach and understand the PLM transformation (Current 
state vs. To-be state)Ω. They concluded ǘƘŀǘ ΨǘƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ ǎǘǊŀǘŜƎȅ-driven PLM transformation 
impacting a company on many levels, and PLM focusing on IS-driven process harmonisation fails due to 
limited knowledge of the business models, products and ǎŜǊǾƛŎŜǎΩ. Therefore to ensure that a PLM 
implementation on ETO products is successful requires an understanding of its unique challenges, i.e. the 
context of the business. There is a gap in knowledge with the implementation 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 enterprise. To address this gap a PLM implementation 
framework is required 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 objectives. The framework 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 onto Type 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 provide an industrial PLM context to 
the research. This enables an improved understanding of the framework against a real-life application of 
a PLM implementation.    

This thesis will describe the core concepts of PLM as published in the literature. Different product types 
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 published literature. Through a qualitative research approach 
a framework is developed by conducting and analysing 28 semi-structured interviews with senior 
stakeholders from global organisations involved in ETO NPD who have an interest in the successful 
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implementation of PLM. The framework was then evaluated and validated using responses to 
questionnaires distributed to senior stakeholders from global organisations involved in ETO NPD who 
have an interest in the successful implementation of PLM. These findings are then discussed and related 
to the Type 26 case study. 

1.2 Scope 

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

¶ High capital value - typically with NPD costs greater than £1B; 

¶ Large-scale - 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 design and build lifecycle - exceeding 10 years; 

¶ Long in-service life - which can be greater than 30 years; 

¶ No physical prototype ς the costs of creating a prototype are so great that the processes and 
design cannot be tested prior to the initiation of manufacturing; 

¶ Highly customised - customised to a single or small group of customers; and, 

¶ Few or one off - the costs and scale are so great only a few are produced. 

ETO products have significant challenges and this research will focus solely on those which are related to 
Product Lifecycle Management (PLM). The 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 be used to support 
a PLM implementation [15]. Those frameworks reviewed included those by Sääksvuori and Immonen [17], 
Schuh [18], Batenburg et al. [19], Stark [20], and Kärkkäinen [21]. Donoghue et al. concluded that these 
frameworks while valuable provide only a starting point on a PLM transformation initiative. It is difficult 
ŦƻǊ ŀ ǎƛƴƎƭŜ ŦǊŀƳŜǿƻǊƪ ǘƻ ǇǊƻǾƛŘŜ ŀ ΩƻƴŜ ǎƛȊŜ ŦƛǘǎΩ ǎƻƭǳǘƛƻƴ ŀƭƭ ŦƻǊ ŀƴ ƻǊƎŀƴƛǎŀǘƛƻƴ ƻǊ ǇǊƻŘǳŎǘ ǘȅǇŜΦ 9ŀŎƘ 
framework has its strengths and weaknesses and can contribute to a successful PLM implementation but 
they lack detailed guidance to support 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 products. The published research from Donoghue et 
al. and the literature they used to form their conclusions are reviewed and critiqued in Section 3.  

The literature on ETO NPD programmes stated that there are challenges 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 question is: how can an ETO programme implement PLM to meet its 
objectives due to the challenges relating to its unique nature? 

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

¶ What is the nature of PLM in relation to ETO products compared to other product types? 

¶ What are the specific challenges of ETO products which necessitate a different approach to PLM 
implementation? 

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

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

¶ What are the enablers to overcome the challenges of PLM implementation on ETO products in 
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. As no PLM implementation 
strategy exists to overcome the challenges faced by ETO products one must be developed. Therefore to 
answer the research question, a framework is required to provide the necessary structure for PLM 
implementation on ETO products. The research aim is to provide a framework to ensure that objectives 
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 objectives were defined: 

 
O1. Capture organisational requirements for a successful PLM implementation which can be used 

to develop a target PLM environment for ETO products 
 

O2. Capture a PLM environment which meets the requirements of the ETO case study. This will 
be used to relate the findings to a target environment which can contribute to the 
understanding of the PLM framework. 
 

O3. Conduct semi-structured interviews to: 
 

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

03b.Contribute to the identification of the key business objectives on ETO products which 
a PLM implementation will support.  
 

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

03d.Capture and describe enablers which can be implemented to ensure PLM meets 
business objectives on ETO products. 

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

 
O5. Validate the findings used to develop the framework and assess the value in relation to how 

it supports the implementation of PLM on ETO products 
 

O6. Relate the key 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 Product Lifecycle 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, or maturity, of an organisation 
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for implementing PLM or assessing the success of PLM post implementation. It also does not provide 
guidance on PLM software selection.  

1.2.6 Thesis structure 

The structure of this thesis is as follows: -  

¶ Section 2 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.  

¶ Section 3 presents a review of the literature relating to the characteristics and the aims and 
objectives. 

¶ Section 4 describes the research methodology used to conduct the research. 

¶ Section 5 describes the requirements relating to the implementation of PLM to meet 
organisational objectives on ETO products; this meets objective O1. It also provides a target 
environment for an ETO PLM environment which will be used to discuss the findings; this meets 
objective O2. 

¶ Section 6 describes the research procedures used to capture the research findings. 

¶ Section 7 describes the findings from the analysis of the interviews which are used to develop the 
framework; this meets objectives O3 and O4.  

¶ Section 8 evaluates and presents the framework developed from the findings in Section 7; this 
meets objective O4. 

¶ Section 9 discusses the findings and relates them to literature and the case study of the target 
PLM environment discussed in Section 5; this meets objective O6. 

¶ Section 10 describes the main results of the research which concludes the thesis. 

 

The thesis structure is illustrated in Figure 2 below. 



  

 

  21 

 

 

 

Figure 2 Thesis structure  

Section 2
Research problem 

identification 

Section 1
Introduction

aims and objectives

Section 5
Type 26

Case study PLM 
requirements 

Section 7
Development of the 

framework

Section 4
Research 

methodology

Research input Research outcome
Research 
input line

Section 3
Literature review

Section 8
Evaluate

Framework 

Informs

Section 9
Discuss case study 
requirements and 

framework

Informs

Informs

Informs

Informs

Section 6
Data collecting and 

analysis method

Informs

Confirms

Section 10
Conclusions

Informs

Informs

Informs

Informs

Informs

Informs
All 

sections



  22 

 

 

 PLM challenges in relation to ETO products 

The research aim is to provide a framework to ensure that organisational objectives are met in relation 
to PLM implementation on ETO products considering the challenges faced due to its unique nature. 
Addressing this aim requires the development of an appropriate framework to support the PLM 
implementation. The framework will provide guidance to organisations on what is required to successfully 
implement PLM on ETO products. This is currently not available for ETO products. 

BAE Systems Naval Ships has experienced significant challenges with PLM implementation over several 
decades and major programmes. These include the Type 45 destroyer and Queen Elizabeth Aircraft 
Carrier. A key business objective for the next major programme, the Type 26 Global Combat Ship, was to 
ensure that PLM was implemented to assist with the management of the programme and future business 
objectives. These objectives included demonstrating to potential future export customers that BAE 
Systems recognised the importance of PLM and that it would be applied successfully to products secured 
in the export market. The research described in this thesis supports these objectives by applying academic 
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 improvement, and also create a significant 
contribution to knowledge which could be applied across other 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 
solutions in the form of frameworks already exists. This section describes PLM and its benefits using 
published literature. Due to the lack of material specifically relating to PLM on ETO products, the literature 
review was conducted to describe different product types and to use this material to formulate the 
specific challenges relating to PLM implementation on ETO products.  

2.1 PLM Overview 

Sääksvuori and Immonen described a key benefit of PLM is that up-to date, relevant and configured 
information can be accessed easily [17]. 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 available to all those who 
require, it but also at the same time, controls access to only those who have authority to view or update 
this information. This is of particular concern in defence programmes where secure information 
management is critical [22]. With large-scale, complex, long-life products such as naval ships, aircraft or 
submarines, the design and build 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, implemented and managed to ensure the 
organisation is compliant with its security and regulatory obligations. These obligations include strict 
export control guidelines such as the International Traffic in Arms Regulations (ITAR) and Export 
Administration Regulations (EAR) which companies operating in the defence sector must adhere to. Those 
companies who fail audits, or are found to have breached these regulations can be issued with heavy fines 
or lose their licence to trade in the defence sector [23]. Managing these export obligations is a critical 
business objective, with PLM being a key enabler for managing sensitive export information [24]. 

There is also the requirement to manage the Intellectual Property Rights (IPR) of the information 
contained within the extended enterprise. The increasing levels of collaboration using product data 
results in sensitive commercial information being managed and shared across multiple partners, who may 
be competitors out-with the specific project [25]. This can be ƳŀƴŀƎŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ŜƴǘŜǊǇǊƛǎŜΩǎ t[a 
system thus reducing the threat of IPR falling into the wrong hands [26].  
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It is important that PLM does not simply ensure that information is available to those who require it and 
have the necessary rights, but that the information is configured, duplications are reduced and the data 
is up-to date to ensure that the context and applicability of the design is clear. This must be supported by 
robust authorisation and approval procedures which are governed by integrated workflows and change 
management processes in order to maintain the configured product definition. These approval and 
authorisation procedures are undertaken by the appropriate technical authorities such as systems 
owners, chief engineer or the customer depending on the level of authorisation required. For example a 
key system design on an ETO product, such as fire prevention, may require customer (Ministry of Defence) 
authorisation. However, the design of a low risk system, e.g. fresh water, may only require local system 
owner approval. The 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 or delegate as changes late in the design lifecycle may have significant consequences. 

These processes are required to ensure that a particular configuration of a product is designed to meet 
specific customer requirements. As a consequence, the configurations of large-scale, complex, long-life 
products such as naval ships or aircraft are judiciously managed and each individual element is identified 
with unique numbering [5]. 

The information management in the context of PLM is not only to aid the delivery of a configuration 
chosen by a customer but also to ensure the design, build and in-service support of the product is robust. 
PLM ensures that ŘǳǊƛƴƎ ǘƘŜ ǇǊƻŘǳŎǘΩǎ ƭƛŦŜŎȅŎƭŜΣ the information is properly structured in support of the 
active life phase and that any design changes are highlighted and effectively communicated. This aids 
improved decision making, decreases approval time, decreases rework and ultimately improves quality 
as relevant information is presented to those who need it when it is required [17]. Without effective PLM, 
quality issues will emerge throughout the lifecycle of a product which will ultimately result in rework in 
the design and manufacturing environments [27].  

Effective PLM requires robust configuration management processes and technology across the entire 
project, including the supply chain. There is a high volume of change which affects large-scale, complex, 
products, resulting in a critical need to capture, understand, communicate and action change concurrently 
with the design, manufacture and support phases [5]. 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 organisationΩs knowledge but is also necessary for managing the maturity of the design and to support 
business measurement for targeting areas for improvement.  

These descriptions and benefits can be summed up as PLM being a product-centric business model which 
is supported by Information Management and Technology (IM&T) across the entiretȅ ƻŦ ŀ ǇǊƻŘǳŎǘΩǎ 
lifecycle, involving people, information, processes and organisations in order to achieve a product 
performance or service goal [28]. 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]. ThereforeΣ ΨIT Applications that support PLM have assumed critical importance as 
companies focus on enhancing the efficiency and effectiveness of their iƴƴƻǾŀǘƛƻƴ ŀŎǊƻǎǎ ǘƘŜ ŜƴǘŜǊǇǊƛǎŜΩ 
[10]. This is essential for major defence products given the limited budgets but increasing demand for 
advanced capability [30].  

2.2 The PLM system of systems 

PLM system is a series of interconnected applications, or system of systems, which perform various 
functions throughout the lifecycle of the product across the extended enterprise [28]. These 
interconnected systems have their own integration challenges resulting in numerous examples in industry 
where the Commercial-Off-The-Shelf (COTS) products are often highly customised by the organisation to 
meet their capability needs. This system of systems can be integrated for data integration and exchange, 
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and for reporting purposes through a backbone such as a data warehouse where the information is 
structured and represented based on the source PLM systems [27]. Figure 3 illustrates the PLM system of 
systems in the context of the overall scope of PLM. These PLM toolsets were designed to support specific 
product objectives and typically evolved to improve their functionality to meet these objectives. This has 
resulted in disparate technologies that were not specifically developed to be integrated in the manner 
that directly satisfies the organisations objectives. Figure 3 highlights the fragmented nature of the PLM 
ǘƻƻƭǎŜǘǎ ƻǾŜǊ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ŀ ǇǊƻŘǳŎǘΩǎ ƭƛŦŜŎȅŎƭŜ ǿƘƛŎƘ ƭŜŀŘǎ ǘƻ ŜȄǇŜƴǎƛǾŜ ƛƴǘŜƎǊŀǘƛƻƴ ǘƻ ŀƭƛƎƴ ǿƛǘƘ ŀƴ 
ŜƴǘŜǊǇǊƛǎŜΩǎ ƭƛŦŜŎȅŎƭŜ ǇǊƻŎŜǎǎŜǎ [31].  

 

Figure 3 PLM system of systems ς adapted from [31] 

An important requirement of the PLM system is to capture information and to provide traceability 
throughout the lifecycle of the product [32] including providing version and audit management of the 
product information [33]. This information should be meaningful and not just a data dump to ensure that 
it can be used effectively and support the transformation into knowledge [32]. Capturing this information 
across the lifecycle of the product in the PLM systems will support design reuse through managing the 
configuration of the design and its intent [29]. 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 work remains within the organisation to be utilised in the future [29]. 
These structures are necessary not only to ensure the configuration is maintained throughout the lifecycle 
of the product, but also to ensure that the design is reusable as is it will provide relevance and ease of 
access for future interrogation [34]. 

To develop complex products requires a collaboration effort across multiple geographic locations with 
personnel from multiple disciplines and with a variety of skills [29]. PLM system integration removes the 
traditional problems of silos of information which has impacted the interchanging, integration and sharing 
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of product information and will enhance collaboration across the extended enterprise [35]. 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 ensure that capturing, searching and displaying the information is 
robust and efficient to support the knowledge generation activity [29]. The technology must support 
organisational knowledge management and learning through the integration of project, process and 
product knowledge [36]. Organisations are required to support their products through its entire lifecycle 
which in the case of large-scale, complex, long-life products can be in excess of 30 years [37].  

The core of the PLM system is typically the Product Breakdown Structure (PBS) [35], which supports the 
management and control of the product through object relationships [18] and its associated metadata. 
The PBS is used to define, capture, manage and configure the Bill of Materials (BoM) and its relationship 
to supporting information [18]. The BoM reflects the way complex products manage and evolve their 
product information throughout their lives [38]. The BoM typically consists of objects such as parts and 
occurrences but has a close relationship to the supporting information such as documents, drawings, 3D 
models and change objects [18]. Figure 4 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 the system design 
PBS. This enables a representation of the design from the system schematic to be managed in the PDM 
system. The radar occurrence is also placed in a specific compartment in the physical PBS which is used 
to create a 3D representation in the CAD model for the ship. The object relationships provide further 
benefits such as: 

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

¶ Assisting with traversing though the design; 

¶ Supporting the application of permission constraints for access and updating; 

¶ Enabling improved reporting; and, 

¶ Application of configuration and change control. 
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Figure 4 Product object relationships in shipbuilding. 

Different Product Breakdown Structures are necessary for the various disciplines in complex products and 
can be represented and integrated to support an Enterprise BoM [38]. An Enterprise BoM is to support 
multiple stakeholders who require different levels of information in the BoM at different phases in the 
ǇǊƻŘǳŎǘΩǎ ƭƛŦŜŎȅŎƭŜΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ǘƘŜΥ  

¶ Engineering BoM ς to manage the design of the product and generate the engineering BoM which 
is the basis for all other BoMs; 

¶ Manufacturing planning BoM ς to manage the planning for delivery, manufacture and installation 
of the engineering BoM into the physical product; 

¶ Manufacturing BoM ς to manage the build of the physical product; and, 

¶ Maintainable BoM ς to provide the in-service support information for the product. 

The Enterprise BoM supports the information needs of multiple stakeholders through the integration of 
multiple BoM structures, required to support the business throughout the lifecycle of the product as 
shown. Figure 5 shows the BoM for breakdown of an equipment part at various points in the lifecycle 
phase including engineering, manufacturing planning and in-service support. The engineering BoM 
reflects the product as-designed by engineering. The manufacturing BoM represents the product as it is 
required to be shipped, assembled or manufactured. The maintainable BoM represents the product as it 
is required to be maintained.  
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Figure 5 Example of the same equipment part broken down at different points in the lifecycle. 

The enterprise BoM should be considered as the master BoM across all the enterpriseΩǎ systems [38] in 
order to avoid any disparate sources which may contain out of date or inaccurate information. The various 
needs of the stakeholders across the lifecycle of the project should ideally be met by an Integrated Product 
Development Environment (IPDE) [39] with the PLM technology at its core [30]. The aim of an IPDE is to 
provide the information to support the product development processes in an integrated environment.  

The management of the process and information objects is not only to support the activities in the 
ǇǊƻŘǳŎǘΩǎ ƭƛŦŜŎȅŎƭŜ ōǳǘ ŀƭǎƻ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ƛnformation can be reused for future opportunities and for 
legal and contractual obligations [40]. The information generated and maintained within the PLM system 
for large-scale, complex, long-life products is typically spread across geographical locations and requires 
integration across this extended enterprise to other systems. Technology which require improved 
integration include the Product Data Management (PDM) and Enterprise Resource Planning (ERP) systems 
[41]. For example, improved integration will allow the Engineering BoM in the PDM system to be more 
effectively transferred to the ERP system for procurement and manufacturing planning. Engineering 
activities include aspects of the design and manufacture which cannot be undertaken by a single 
organisation and are therefore outsourced, resulting in collaboration with different organisations across 
the extended enterprise [42]. Outsourcing in engineering construction projects is also common due to 
fluctuations in workload which result in difficulties with maintaining a workforce. These collaborations 
provide challenges in realising the expected benefits as costs can increase as more organisations are 
involved in the collaboration, due to the resultant management overhead [43] 

Challenges include how information can be managed and communicated throughout the distributed 
design teams [37]. This challenge is compounded due to the difficulty in exchanging product information 
across different organisations and their systems due to technological constraints and behavioural issues 
[44], [45], [46]. In order to achieve effective through-life product management, the relevant information 
has to be identified at key points throughout the productΩǎ lifecycle. It then has to be presented in a way 
which is useful, configured, controlled and reusable throughout the lifecycle [47]. The information 
management technology must capture, integrate and evolve information throughout the entire lifecycle 
of a product [47]. 

Equipment Part Equipment Part Equipment Part

Engineering BoM Manufacturing Planning BoM Maintainable BoM

Component

Component

Component

No further breakdown 
required

Breakdown required to 
define how a part is 
manufactured or 
delivered by supply 
chain. It will also include 
how it will be installed

Breakdown required to 
define maintainable 
assembly in order to 
manage in -service support

Component

Component

Component

Component

Component
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Large-scale, complex, long-life products have extended their focus from a design/manufacture 
perspective to include the producǘΩǎ behaviour in-service and after sales support. This is driven by the 
ŎǳǎǘƻƳŜǊΩǎ ƴŜŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǉǳŀƭƛǘȅ ŀƴŘ ǊŜŘǳŎŜ Ŏƻǎǘǎ [47]. This product-service paradigm means that 
information management technology must be robust enough to last the entire lifecycle of the product 
from concept through to disposal, which can often be in excess of 30 years [48], [47]. Ensuring that this 
information can be robustly stored, controlled and reused has been an area of research for industry and 
academia for decades [49], [50], [51] and has been identified as being a way to increase revenue and 
satisfaction for both the product provider and customer [52]. 

PLM Systems are now seen as a mandatory element in reducing risk in large-scale, complex, long-life 
products by supporting virtual simulation and prediction [53]. 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 information [30]. Therefore, PLM systems have a significant 
contribution to ensuring improved productivity, improved quality and reduced costs in products such as 
naval shipbuilding and submarines [54]. PLM also ensures that the design and build information can be 
efficiently transferred into an in-service support context [30]. 

2.2.1 PLM implementation 

PLM implementation is extremely challenging and expensive with $29.9 billion being invested globally in 
PLM in 2011 of which $19.1 billion (64%) of that was in the applications themselves [5]. Despite these 
investments few companies have realised the projected benefits [10]. Reasons for the varying degrees of 
success include organisations typically focussing on individual aspects of PLM and failing to take a holistic 
approach. This may be due to the organisation not understanding what PLM means [18]. There are also 
gaps in literature relating to PLM [18] highlighting a lack of detailed research into actual PLM 
implementations [55]. The challenge of understanding which functionality should be adapted to support 
the business processes, and which processes should be adapted to support the functionality has an 
influence on PLM success [17]. Organisations have turned to system vendors or internal 
analysts/programmers to solve their PLM problems. This often leads to significant degrees of 
customisation of the PLM systems which, in turn, results in the organisation assuming more ownership of 
these systems, impacting on-going support and future upgrades [31]. This may however indicate 
immaturity or quality issues with the PLM Systems themselves [10].  

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 in turn influence the PLM system 
implementation. This is not trivial as the alignment of business objectives, process and functionality is one 
of the key challenges to PLM implementation [56] and is an area that the PLM system vendors have 
difficulty in resolving [18]. This may be due to a lack of understanding on the part of the PLM system 
vendors about ǘƘŜƛǊ ŎǳǎǘƻƳŜǊΩǎ ƴŜŜŘǎΣ ǿƘƛŎƘ Ƴŀȅ ƛƴ ǘǳǊƴ ōŜ ŘǳŜ ǘƻ ŀ ŎǳǎǘƻƳŜǊΩǎ ƛƴŀōƛƭƛǘȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ 
their own relationship between strategic objectives, process and technology requirements. Further 
research is required with respect to ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ 
processes and the strategic vision, with problems arising from tracking performance and quality across 
the extended enterprise [1]. Without this research, it is possible that the organisation could suffer the 
same fate impacting other major enterprise IT investments: that of a disconnect between the investment 
in IT itself and lack of return in business value due to problems with aligning IT with other aspects of the 
organisational strategy [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 organisations are confused between PLM technology and the core concept of PLM 
[18] which is the management of all integrated product information and processes throughout the 
productΩs lifecycle [17]. This impacts the PLM implementation as organisations find it difficult to decide 
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which functionality, from the considerable capability available, can and should be used to benefit their 
business [56].  

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 prove that the 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 providing audit trails as to why particular decisions were 
taken [27]. This is a significant contributory factor in supporting the recommendations on safety case 
development from the enquiries relating to product failure [57]. 

The organisational improvements PLM supports are not only to improve business performance, but will 
reduce the environmental impact inflicted throughout the development of the product [55]. 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 significantly 
contribute to a reduction in waste in the organisation through an improved understanding and robustness 
ƻŦ ǘƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘΦ ¢ƘŜ ǎŀǾƛƴƎǎ ǘƻ ǘƛƳŜ ǿƛƭƭ ŎƻƴǘǊƛōǳǘŜ ǘƻ ƛƳǇǊƻǾŜŘ ǘǊŀƴǎƛǘƛƻƴ ŀŎǊƻǎǎ ǘƘŜ ǇǊƻŘǳŎǘΩǎ 
lifecycle with enhanced access to robust, reusable 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 include: the 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 certain Hazardous Substances (RoHS) such as Mercury and Cadmium [58]. PLM 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 disposal [58], [59]. 

2.4 Characteristics of the problem of PLM implementation on ETO 
products 

PLM research has been undertaken across many contexts including, many-of-a-kind and one-of-a-
kind/few-of-a-kind products. Each of these contexts have their own challenges and can be categorised 
and should be approached differently on this basis [28]. However, the literature on PLM relating to ETO 
products is sparse.  

When identifying PLM implementation challenges it is important to distinguish between the various 
product types. Each of these product types has their own difficulties but this research will describe the 
unique challenges affecting ETO products in comparison to others. Product types can be categorised as 
Make to Stock (MTS), Make to Order (MTO), Assemble to Order (ATO) and Engineer to Order (ETO). 

The key difference between MTS and MTO is how the order is managed on its receipt from the customer 
[60]. With MTS, the order is ready to go upon receipt whereas with MTO there is some manufacturing 
required before shipment [60]. ATO allows a degree of customisation by the customer but only with 
regard to the assembly of pre-manufactured parts [61]. With ETO the order is received before the design 
stage and the customer typically has a large influence on the requirements and the resultant function of 
the product [60], which tends to be one or few-of-a-kind products which are large-scale, complex, long-
life, and highly customised [9]. 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 ETO new product development and build such as First of Class (FOC) naval ships can be 
described as large-scale, complex, long-life, one/few of a kind, customised and where it is not cost 
effective or practical to have a physical prototype. The one/ few of a kind and customised elements 
distinguish it from other large-scale, complex, long-life products such as commercial aircraft which can be 
more accurately described as ATO products. Challenges exist in all types of product development which 
can become apparent in the design, manufacturing, in-service or even disposal life phases. Stark describes 
multiple examples including [27]: 

¶ Time to market such as with the A380 where a two year delay was estimated to cost $6B. 

¶ During production such as with multiple computer manufacturers affected by faulty batteries 
made by Sony which were found to overheat and potentially pose a safety risk. 

¶ In-service including engine defects in Nissan cars resulting in the recall of 2.55 million or with the 
Deepwater Horizon drilling rig when a blowout preventer failed resulting in the death of eleven 
people and considerable environmental damage. 

¶ Disposal such as ǿƘŜƴ ǘƘŜ CǊŜƴŎƘ ŀƛǊŎǊŀŦǘ ŎŀǊǊƛŜǊΩǎ dismantling project failed due to the large 
amounts of asbestos on board Resulting in failed attempts to dismantle it in Turkey and India. 

The level of complexity and lifecycle of the new development of a product has a strong influence on the 
methodology used when implementing PLM. For instance, new developments in automotive can be 
described as a complicated, long-life product type due to the personnel, processes and technology 
required for its ŘŜǎƛƎƴΣ ƳŀƴǳŦŀŎǘǳǊŜΣ ǎǳǇǇƻǊǘ ŀƴŘ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘΩǎ ƭƛŦŜŎȅŎƭŜ which can be 
measured in decades [28]. Other new product development such as with PCΩǎ or cameras can be described 
as complicated and short-life products due again to the people, process and technology required but, in 
this case, the product has a limited lifespan [28]. 

t/Ωǎ ŀƴŘ cameras can be categorised as many-of-a-kind, mass manufactured consumer products but they 
have different development processes to other product contexts due to their industry clock-speed [63]. 
LƴŘǳǎǘǊȅ ŎƭƻŎƪǎǇŜŜŘ ΨƎŀǳƎŜǎ ǘƘŜ ǾŜƭƻŎƛǘȅ ƻŦ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŜȄǘŜǊƴŀƭ ōǳǎƛƴŜǎǎ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǎŜǘǎ the pace 
ƻŦ ǘƘŜƛǊ ŦƛǊƳǎϥ ƛƴǘŜǊƴŀƭ ƻǇŜǊŀǘƛƻƴǎΩ [64], this drives the speed with which newer versions or products are 
developed and released to the market. Slower clock-speed industries such as aerospace have more 
structured processes focusing on configuration management [31]. Faster industries such as those 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ t/Ωǎ ƻǊ ŎŀƳŜǊŀǎ ƘŀǾŜ ƭŜŀƴŜǊ development processes to ensure their product gets to 
market as quickly as possible to gain competitive advantage due to the speed of obsolescence and limited 
market time. 

There are other ŘƛŦŦŜǊŜƴŎŜǎ ǿƛǘƘ ǘƘŜǎŜ ǇǊƻŘǳŎǘ ǘȅǇŜǎ ŎƻƳǇŀǊŜŘ ǘƻ 9¢hΩǎ ǎǳŎƘ ŀǎ ƴŀǾŀƭ ǎƘƛǇōǳƛƭŘƛƴƎ [28]. 
It is useful to first explore the differences between the design, manufacturing and support environments 
and the end product itself. Short and long-life products such as cameras and cars can share a relatively 
short design and manufacturing lifecycle but there are obvious differences in the useful life-span of these 
products compared with ETO products. Within these consumer products, PLM supports managing 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, manufacturing and support [5]. 

To assist in understandiƴƎ t[a ƛƴ 9¢h ǇǊƻŘǳŎǘǎ ŀƴŘ ƛǘΩǎ ǎƛƳƛƭŀǊƛǘƛŜǎ ŀƴŘ ŘƛŦŦŜǊŜƴŎŜǎ ǿƛǘƘ ƻǘƘŜǊ ǇǊƻŘǳŎǘ 
types it is worthwhile considering the he Architecture Engineering Construction (AEC) industry and their 
experiences with managing product processes, information and technology through their design and build 
lifecycle. Tolman asserts that information is the most critical material for building and construction [65]. 
Borrmann et al. described AEC industries as struggling with information management challenges, for 
instance it is not uncommon for digital information which supports the design and construction, such as 
documents, drawings, plans and  3D Models, not to be centrally stored 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 way to fully resolve this problem. This may be due to 
fragmentation between AEC planning and construction which can be under the jurisdiction of 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 product breakdown structure 
which is critical to effective PLM.  

Froese states that information management systems in the AEC industry have had three main eras [67]: 

1. The development of bespoke systems for specific functions such as CAD, structural analysis and 
estimating, which started four decades ago and is still continuing.  

2. More recently, όƳƛŘ мффлΩǎύ web based document 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 not in the mainstream. 

It is apparent from the literature that AEC is immature in the use of PLM compared to ETO. Progress is 
being made with the Business Information Modelling (BIM) approach [68] but AEC projects can benefit 
from utilising PLM to improve their processes, information and technology integration to leverage the 
lack of maturity with BIM [69]. 

This research focusses primarily on ETO and the unique challenges it faces in comparison to other product 
types in relation to the implementation of PLM. These challenges are based on the design, manufacture 
and in-service support lifecycle as opposed to the operation of the end product itself. It will highlight that 
the size, complexity, long-lifecycle and lack of the ability to prototype results in significant challenges 
which necessitates a tailored approach to PLM implementation for these product types. 

The approach should focus on ensuring that the PLM implementation supports the organisationΩs 
objectives, related processes, requirements and supporting technology. Fichman and 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 not [10]. Fichman and Nambisan also state 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 quality products. 
As technology and organisational adoption matured it became harder to identify value from IT investment 
or where the actual problems lay with realising this value, for example problems with the technology itself 
or organisational aspects such as process, culture or resource [10]. The investment in IT initiatives such as 
PLM requires the alignment of complementary elements such as strategy, process and the technology 
itself. Stark [27] stated: Ψcompanies in different industries have similar objectives for PLM, the exact 
requirements may differ. PLM is not off-the-peg, one size fits all. The functionality and implementation 
priorities depend on the market needs and objectives of the companyΩΦ 

This research focusses on the specific requirements for PLM implementation on ETO products and will 
provide guidance in the form of an implementation framework to support meeting organisational 
objectives. The gap in knowledge is described in Section 3 and how the research has provided a significant 
contribution to knowledge in this area is described in Sections 7 and 8. 

The following sections will describe the nature of the challenge of ETO products and will use other large-
scale, complex, long-life, no physical prototype, highly customised, one-of (few of) a kind products such 
as AEC and industrial megaprojects to highlight similarities and differences with ETO products.  

2.4.1 Megaprojects 

Engineering to Order products can also be referred to as megaprojects due to their size, cost, complexity 
and effective life which typically spans decades [70]. Megaprojects are usually massive civil projects 
commissioned by governments, such as infrastructure development where the cost is multi-ōƛƭƭƛƻƴ ϻΩǎ ŀƴŘ 
contracted to a private company [71]. Merrow defined a megaproject as a project which has a capital cost 
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of greater than $1B in 2003 or approximately $1.7B in 2010 [72]. These products are complex, involve 
many partners, are politically sensitive, have a design, build and in-service lifecycle of many decades and 
increasingly are used to describe civil and engineering construction projects [71]. 

Flyvbjerg ŀǊƎǳŜǎ ǘƘŀǘ ǿŜ ŀǊŜ ƴƻǿ ŜƴǘŜǊƛƴƎ ŀ Ψ¢ŜǊŀ ŜǊŀΩ ǿƘŜǊŜ ƳŜƎŀǇǊƻƧŜŎǘ Ŏƻǎǘ ƛǎ ƛƴ ŜȄŎŜǎǎ ƻŦ Ϸ1T, an 
example of which is the US debt to China which requires careful management due the effect 
mismanagement would have on the world economy [73]. Flyvbjerg states that 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 compared to ETO products which allow for a more thorough analysis and 
comparison of the unique challenges faced when implementing PLM on these product types. 

This research is bounded by engineering products only as opposed to other megaprojects such as huge IT 
or macroeconomic projects due to their reliance upon an effective PLM implementation. A distinction can 
be made between traditional megaprojects and industrial megaprojects. It is recognised that the latter 
offers a greater challenge due to its specialised construction nature [74] and the end result is a functional 
product which is few or one of a kind. This greater challenge is due to industrial megaprojects tending to 
be a significant investment with smaller occurrences and therefore do not have the same repeatability 
and learning opportunities as traditional megaprojects. Industrial megaprojects are not common place, 
and result in a scarcity of skills, facilities and specialised nature required for their innovation requirements 
and the execution of the programme [74]. The specialised nature of the industrial megaproject requires 
software which is designed to support the delivery of the programme, including engineering software [75] 
of which PLM systems are amongst the most critical. 

PLM literature related to industrial megaprojects is sparse compared to other product types such as MTO 
or ATO. Even when there is dedicated literature on the subject, they often ignore the more challenging 
aspects. Merrow for example described industrial megaprojects as projects which make a product for sale 
such as gold, petroleum, and chemicals and deliberately excludes others such as military projects and 
public works. Merrow stated that this is due to projects not necessarily being driven by a desire to make 
money but for political reasons such as economic growth or job creation. This is believed to introduce 
unnecessary complexity into some projects as often they will continue due to political support when the 
need has long since passed; such as military projects. Further examples of this are cited as being 
prestigious projects such as Concorde or those, which due to the amount of money already invested make 
cancellation unpalatable to the political establishment. Other complexities to these projects are the need 
to show value in spending tax payersΩ money [72]. This often results in long drawn out tendering and 
contractual processes, 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 industrial megaprojects can be split into two distinct categories influenced by funding and 
motivation: 

1. Public industrial megaprojects ς those funded by the public purse, such as military, whose end 
result is a functional product which is few or one of a kind. Distinguished by the fact that the 
sponsor is not necessarily expecting to make money but is driven by a public need. 

2. Profit industrial megaprojects ς those funded by enterprises, such as oil and gas or mining whose 
end result is a functional product which 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 it simplifies and focusses research, but there is a need to highlight the gap in 
understanding of how the research in profit industrial megaprojects can benefit public industrial 
megaprojects. Table 1 provides examples of different profit and public industrial megaprojects [72] which 
are characterised as: 
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¶ They are important to the societies for which they are being undertaken; 

¶ They are important to the health of the economies through the generation of jobs and the trade 
that they support; 

¶ They are extremely important to those financing the megaprojects, whether they are public or 
privately financed; and, 

¶ They are prone to problems whether it is schedule, safety, cost or environmental to an extent 
that it can bring down the sponsors such as governments or companies. 

 
Profit industrial megaprojects 
 

Oil rig construction 
Refinery construction 
Mining facility construction 
Power station construction 
Dams and hydroelectric construction 

Public industrial megaprojects Naval shipbuilding 
Submarine construction 
Space construction ς rocket ships, space stations etc. 

Table 1 Examples of profit and public industrial megaprojects. 

The specialised nature of industrial megaprojects also contributes to the difficulty in estimating for project 
management. This commonly results in over ambitious estimates which lead to cost and schedule 
overruns [76]. Industrial megaprojects are typically funded by governments but are delivered by privately 
funded companies, such as with major civil or defence programmes [70]. Industrial megaprojects relating 
to defence procurement have been affected by major cost and schedule overruns such as seen recently 
with aerospace, submarine and naval ship programmes [77]. Megaprojects have a long history of cost 
overruns due to poor estimation, changes within the project or within the macro environment affecting 
it, and with faulty project management [78]. The time difference between the National Audit Office and 
Merrow reports differ by decades, however megaprojects 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, Scotland  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 Registry, Canada  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 

Boston's 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 

Boston-New York-Washington railway, USA  130 

Great Belt rail tunnel, Denmark  120 

London Limehouse road tunnel, UK  110 

Brooklyn bridge, USA  100 

Shinkansen Joetsu high-speed rail line, Japan  100 

Channel tunnel, UK, France  80 

Karlsruhe-Bretten light rail, Germany  80 

London Jubilee Line extension, UK  80 

Bangkok metro, Thailand  70 

Mexico City metroline, Mexico  60 

High-speed Rail Line South, The Netherlands  60 

Great Belt east bridge, Denmark  50 

Table 2 Large-scale projects have a calamitous history of cost overrun [73] 

Rangan et al. argued that PLM implementation has evolved from an initial approach of multi-year projects 
involving extensive process evaluation, system configuration, training and on-going support, to one of 
rapid deployment involving existing infrastructure, processes and resultant reduced training [31]. PLM 
system vendors support this by making their functionality much more adaptable to organisational 
processes. For example, objects in a 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 BoM. However, 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.  

Product development processes and technology on one project may have been introduced a decade prior 
to the initiation of the next project using what was available at that time. For example the PLM 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŦƻǊ ǘƘŜ ¢ȅǇŜ пр 5ŜǎǘǊƻȅŜǊ ǇǊƻƎǊŀƳƳŜ ǎǘŀǊǘŜŘ ƛƴ ǘƘŜ ƭŀǘŜ мффлΩǎ ŀƴŘ Ƙŀǎ ƘŀŘ ǘƻ ōŜ ǊŜ-
engineered for later naval programmes such as thŜ vǳŜŜƴ 9ƭƛȊŀōŜǘƘ !ƛǊŎǊŀŦǘ /ŀǊǊƛŜǊ ƛƴ ǘƘŜ ŜŀǊƭȅ нлллΩǎ 
ŀƴŘ ƭŀǘŜǊ ǎǘƛƭƭ ǘƘŜ ¢нс Dƭƻōŀƭ /ƻƳōŀǘ {ƘƛǇ ƛƴ ŜŀǊƭȅ нлмлΩǎΦ This is due to: 

¶ New technology which can provide additional benefits to the latest programme; 

¶ Matured business processes to assist with managing the programme; 

¶ Lessons learned from previous programmes across all aspects of 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 be offset against 
improvements provided by PLM. 

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 technology 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. recognises that the transition from one PLM approach to another needs careful planning 
including business change management, education and transitioning to new processes but the emphasis 
ƛǎ ƻƴ ŀ ΨƎǊŀŘǳŀƭΩ ƳƻǾŜ ǿƛǘƘ ƳƛƴƛƳŀƭ ƛƳǇŀŎǘ ǘƻ ƻƴ-going business performance. This is perfectly valid for 
most industries but does not take into account a major change to technology and process which is 
necessary at the start of megaprojects and ETO products [31]. This is due to the commitment an ETO 
programme has made to its PLM approach and the impact of changing it when it is many years into the 
lifecycle of the programme. ETO has a slow clock-speed compared to other product types which can 
introduce new PLM approaches onto the next new product development programme. 



  

 

  35 

 

2.4.2 Specific challenges with PLM implementation on Engineer to Order 
Products 

ETO products have a long design and manufacturing lifecycle with many millions of labour hours 
consumed across years [79] and a working lifespan stretching decades [47]. These products have a wide 
variation in the operational procedures utilised, have a greater disconnect between the design and 
production environments than with consumer products due to the considerable timespan between design 
initiation and build, and regarded as a construction process as opposed to mass 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 development. Rhaim and Baksh investigated the 
need for a separate NPD framework for ETO products. This would assist ETO companies to: 

¶ Reduce design iteration and rework; 

¶ Recognise customer requirements up front; and, 

¶ Build quality into design and manufacture. 

They ǎǘŀǘŜŘ ǘƘŀǘ ΨƳƻǎǘ bt5 ŦǊŀƳŜǿƻrks from the literature are meant for an MTS company. The design 
framework or models proposed for an MTS company are not suitable to be applied to an ETO company 
ŘǳŜ ǘƻ ǾŀǊƛƻǳǎ ŘƛŦŦŜǊŜƴŎŜǎΩΦ ¢ƘŜȅ ŀƭǎƻ ǎǘŀǘŜd ǘƘŀǘ ΨǾŜǊȅ ƭƛǘǘƭŜ ŀǘǘŜƴǘƛƻƴ ƛǎ ƎƛǾŜƴ ǘƻ ŀƴ 9¢h Ŏompany that 
ǇǊƻŘǳŎŜǎ ǇǊƻŘǳŎǘǎ ƻƴ ŀ ƭƻǿ ǾƻƭǳƳŜ ōŀǎƛǎ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘŜǊƳǎ ƻŦ ŀƴ bt5 ŦǊŀƳŜǿƻǊƪΩΦ ¢ƘŜȅ went onto state 
ǘƘŀǘ Ψǎƻ ŦŀǊ ǘƘŜ bt5 ŦǊŀƳŜǿƻǊƪ ŦƻǊ 9¢h ƛǎ ƴƻǘ ŀŘŜǉǳŀǘŜƭȅ ŀŘŘǊŜǎǎŜŘ ŀƴŘ ǘƘŜ ǇǊƻŎŜǎǎ ǳǎŜŘ most likely is 
ŘŜǊƛǾŜŘ ŦǊƻƳ ŀƴ a¢{ ŦǊŀƳŜǿƻǊƪΩ. They sǘŀǘŜŘ ǘƘŀǘ Ψŀƴ 9¢h ŎƻƳǇŀƴȅΣ ŘǳŜ ǘƻ ƛǘǎ ƴŀǘǳǊŜ ƻŦ ƻǇŜǊŀǘƛƻƴǎ ǘƘŀǘ 
constantly requires new design for every product, is in greaǘŜǊ ƴŜŜŘ ƻŦ ŀƴ bt5 ŦǊŀƳŜǿƻǊƪΩΦ ¢ƘŜ ŀƭǎƻ ǎǘŀǘŜŘ 
ǘƘŀǘ Ψǘhe generic NPD framework developed for an MTS product is inadequate in addressing the 
differences in ETO and MTS operations. [80].  The main differences between ETO and MTS products are 
shown in Table 3. 

 

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 and 
standards 

Yes Generally no 

Effort and cost in design per 
product 

High low 

Chance of design rework and 
improvement during 
manufacture 

Low High 

Design of prototype No Yes 

Design options Few Many 

Tooling requirement Limited Many 

Constraint in design 
Limited to availability of off the shelf 
components or parts 

No limitation 

Involvement of manufacturing 
engineers in design 

Always Rare 

Design dependency on similar 
product 

High Low 

Prototype No prototype Use prototype 

Customer input during design Customer usually gives input during design 
Customer rarely involved in 
design process 

Customer approve design Yes No 

Product test and commissioning Usually at customer site At manufacturing site 
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Criteria Engineer to Order (ETO) product Made to Stock (MTS) 

Customer technical knowledge 
of product 

High Low 

Certainty of customer 
requirement 

High Low 

Product complexity High Low 

Product size Generally big Small and medium size 

Customer requirements Specific and technical Vague and non-technical 

Interpretation of customer 
requirements 

Direct indirect 

Supplier involvement in design Seldom Rare 

Contractor involvement in 
design 

Seldom Rare 

Dry run/pilot run No Yes 

Market research Minimum Extensive 

Product launch No Yes 

Market Pull Push 

Product lifecycle Long Short 

Compliance with legal 
requirements 

Always Rare 

Documentation required by 
customers 

Extensive Minimum 

Table 3 Differences between ETO and MTS in terms of product design [80]. 

Figure 6 illustrates how the committed costs early in the design lifecycle have a considerable effect on the 
costs incurred when they are realised later in the productΩs 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, such as due to 
mistakes or poor quality, then the costs incurred are significantly greater than those committed the later 
in the lifecycle that have to be altered. Mistakes early in the lifecycle can incur substantial cost increases 
later within the project. This is particularly true of ETO products where the time difference between the 
costs committed and those incurred can be years.  There is a significant difference in the values of the 
costs committed and those incurred between slow and fast industry clock-speeds as the time difference 
is greater between costs incurred and cost committed, resulting in greater impact. PLM implementation 
on ETO products must provide support to manage each of these lifecycle phases to assist in ensuring that 
there are not significant costs incurred due to issues from earlier phases. 
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Figure 6 Engineering deliverables across the lifecycle of naval ship design with costs committed and 
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 to the large number of different types of elements interacting across their lifecycles 
in difficult to predict ways, such as various design systems being designed concurrently which are 
impacted by change [81]. Complex systems are unpredictable as a result of constant change within their 
operating environments, which differ from complicated systems where 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 behaviour as a product 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 only be measured using statistical analysis, e.g., the 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 whole, such as the 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 scientific approaches. Homer-Dixon described 
complex systems such as the product development life-phase system as: 

¶ ΨComprised of a multiplicity of things; they have a large number of entities or parts. Generally, the 
more parts a system contains, the more complŜȄ ƛǘ ƛǎΦΩ The parts themselves 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 groups in order to manage these differences. 

¶ ΨContaining a dense web of causal connections among their components. The parts affect each 
ƻǘƘŜǊ ƛƴ Ƴŀƴȅ ǿŀȅǎΦΩ A major equipment part on a naval ship will require an electrical service and 
perhaps water and air cooling to be design concurrently. This requires other parts to be designed 
and procured to meet this need such as Air Treatment Units (ATU) for cooling.  

¶ ΨExhibiting interdependence of their components. The behaviour of parts is dependent upon 
other parts. If the system is broken apart, the components no longer function (like the parts of 
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the human body).Ω The systems on a naval ship are designed to meet the overall requirement of 
the product. If that system is changed during design, such as with removing one of the ATUs, then 
the Heating Ventilation and Air Conditioning (HVAC) system will not meet the operating needs of 
the ship. 

¶ ΨOpen to their outside environments. They are not self-contained, but are affected by outside 
ŜǾŜƴǘǎΦΩ In a naval ship if the ATU fails due to poor design then the equipment parts will overheat 
and also potentially fail. 

¶ ΨNormally showing a high degree of synergy among their components: the whole is more than the 
sum of its parts.Ω A naval ship can be described as a system of systems, which are designed to be 
interrelated and connected to ensure that the ship can operate effectively.  

¶ ΨExhibiting non-linear behaviour. A change in the system can produce an effect that is not 
proportional to its size: small changes can produce large effects, and large changes can produce 
ǎƳŀƭƭ ŜŦŦŜŎǘǎΦΩ [84]. An increase to the 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 
process tƻ ƳŜŜǘ ǘƘŜ ǇǊƻŘǳŎǘΩǎ ƻōjectives due to the large number of interacting elements during the 
concurrent design and build which will impact the delivery of a naval ship [81]. 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 integration, weight management and, if later in the 
lifecycle, manufacturing rework. 

Examples of the key engineering deliverables in each lifecycle phase of a naval ship are shown in Figure 6. 
These phases overlap and there are stage 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, i.e., while one design zone has begun detailed 
design other zones are still undergoing system design. While this greatly compounds the complexity 
regarding integration and design maturity, a linear approach would result in a significant increase in the 
timescale of the new product development. Improved management of product information integration 
and maturity are a requirement on PLM for FOC Naval Ship NPD as discussed in Section 5. 

These complexities create pressures on cost, long times and ever demanding expectations for higher 
quality [75]. There are a large number of interrelated known and emergent elements relating to the 
product which require careful management throughout its lifecycle, for example, changes to supplier 
provided equipment interface requirement such as wild heat. These emergent elements have 
interrelations with other aspects which may go unnoticed and contribute to the overall complexity and 
challenge for the product [78]. For example a change to the wild heat generation of equipment 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 challenges highlight the importance of PLM within ETO industry in 
order to improve the management of design information. 

Froese described the complexity of the influences associated with design change in AEC projects where 
the intended use of a room may change its cooling or heating requirements. These may have a domino 
effect: the mechanical design may affect supplier contracts which may affect material delivery which 
impacts schedule, delays construction and increases costs [67]. These difficulties which are due to 
emerging patterns, interconnectivity and complexity are common place in ETO products. The complexity 
is increased due to a need to ensure quality standards are adhered to such as with ISO 9001, 
environmental considerations, and a drive to reduce costs and schedule. 

The effective management of product information is necessary to 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 projects is required to reduce cost and schedule overruns. 
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This requires PLM based on knowledge, process and supporting technology [36], all of which should be 
directed at contributing towards achieving ǘƘŜ ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ǎǘǊŀǘŜƎƛŎ ƻōƧŜŎǘƛǾŜǎΦ ²Ƙƛƭǎǘ !9/ ǇǊƻƧŜŎǘǎ 
have similar challenges to other ETO projects, such as naval ships, they are not as well developed in terms 
of PLM environments and do not have the significant challenge of long term design lifecycles as discussed 
in the next section. 

2.4.4 Customer interaction and procurement 

The delivery lead-time for ETO products is considerably longer than other product types as the design and 
subsequent procurement is developed to satisfy customer requirements [85]. These delivery lead-times 
relate to the commitment from a customer on the order. The greater the lead-time the earlier a 
commitment from a customer is required. This is often called the customer order de-coupling point [86] 
or order penetration point [61]. The customer commitment points for various product types are shown 
in Figure 7 below. Significantly, 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 comparison, other product types have customer commitment when the design is mature; 
therefore any customer inputs are limited to configuration of the completed design such as with ATO 
products. 

 

Figure 7 Delivery lead-times for different product types showing customer commitment points (adapted 
from [85] and [61]) 

Rahim and Baksh stated that the customer has a high degree of negotiating power over the requirements, 
ǇǊƛŎŜΣ ŘŜƭƛǾŜǊȅ ŘŀǘŜǎ ŀƴŘ ǇǊƻŘǳŎǘ ǇŜǊŦƻǊƳŀƴŎŜΣ ǿƘƛŎƘ ƴŜŜŘ ǘƻ ōŜ ōŀƭŀƴŎŜŘ ŀƎŀƛƴǎǘ ǘƘŜ ǇǊƛƳŜ ŎƻƴǘǊŀŎǘƻǊΩǎ 
need to generate profit and reduce risk. Early customer engagement within ETO product development 
subsequently means that there is a great deal of focus on defining requirements [80]. 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 capture should be early in the New Product Development 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 that can be captured, agreed and baselined. 
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This subsequently increases the potential for design changes impacting the management of the project. 
¢ƘŜǊŜ Ƴŀȅ ōŜ ŀ ǊŜƭǳŎǘŀƴŎŜ ǘƻ ŀƎǊŜŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŜŀǊƭƛŜǊ ƛƴ ǘƘŜ ǇǊƻŘǳŎǘΩǎ ƭƛŦŜŎȅŎƭŜ ŀǎ ǘƘŜ ŎǳǎǘƻƳŜǊ ǿƻǳƭŘ 
be liable to the cost of change, whereas the prime contractor would wish to agree the requirements as 
ŜŀǊƭȅ ŀǎ ǇƻǎǎƛōƭŜ ǘƻ ǊŜŘǳŎŜ ǊƛǎƪΦ .ŀƭŀƴŎƛƴƎ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ǊŜǉǳƛǊŜƳŜƴǘ ŦƭŜȄƛōƛƭƛǘȅ ŀƴŘ Ŏƻǎǘ ƭƛŀōƛƭƛǘȅΣ ǿƛǘƘ 
ǘƘŜ ǇǊƛƳŜ ŎƻƴǘǊŀŎǘƻǊΩǎ ǊŜǉǳƛǊŜƳŜƴt rigidity and exposure to risk is challenging due to the long-lifecycle of 
the ETO product 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 product delivery when the supplied components are only in conceptual stage. The long lead times 
and the often conceptual nature of supplied products, which require integration into the overall design, 
emphasises the importance of maturity management which is discussed 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 contracts. As each contract for a new ETO product 
development requires tendering to show value for money then this reduces value in establishing long-
term supplier relationships. It also adds additional management and process effort for tendering and 
contracting which requires enabling technology. These new contracts result in a sporadic flow of 
information from the supplier which is used to contribute to the overall design of the product and in turn, 
influences how the overall maturity develops with time. The intermittent delivery of information 
introduces risk to the project as the information is used to design physical locations and supporting 
systems, for example: ŀ Ǝŀǎ ǘǳǊōƛƴŜΩǎ ǇƘȅǎƛŎŀƭ ŘƛƳŜƴǎƛƻƴ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ǎǳǇǇƭƛŜǊ Ƙŀǎ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŦƭǳŜƴŎŜ 
ƻƴ ǘƘŜ ǎƛȊŜ ƻŦ ŀ ŎƻƳǇŀǊǘƳŜƴǘΤ ǘƘŜ ǘǳǊōƛƴŜΩǎ ŜƭŜŎǘǊƛŎŀƭ ƛƴǎǘŀƭƭŀǘƛƻƴ ŎƻƴǘǊƛōǳǘŜs to the overall electrical 
design and its thermal output influences the HVAC design. 

2.4.5 Product customisation 

Caron and Fiore [87] described ETO products as those Ψinvolved with designing, manufacturing, installing 
and commissioning systems according to highly specialised customer requirementΩ. Hicks and McGovern 
stated that ETO products have a high level of customisation due to their low volume and high-complexity 
required to meet customer requirements [9]. They also stated ǘƘŀǘ ΨƘƛƎƘ ƭŜǾŜƭǎ ƻŦ ŎǳǎǘƻƳƛǎŀǘƛƻƴ ƭŜŀŘ ǘƻ 
ƛƴŎǊŜŀǎŜŘ ŎƻǎǘǎΣ ƘƛƎƘŜǊ Ǌƛǎƪǎ ŀƴŘ ƭƻƴƎ ƭŜŀŘ ǘƛƳŜǎΩΦ The components provided by suppliers that are 
integrated into the ETO product are a mixture of customised low volume and standardised high volume 
items. These customised low volume items do not have a large customer base meaning there is potential 
for missing information and resultant engineering revision [88]. This results in higher levels of risk relating 
to longer lead times and increased costs. The structure of ETO products consists of a mixture of supplier 
systems that are both designed bespoke or customised to perform a specific function. They are also 
subject to a unique and specific set of requirements, e.g., for a weapons system on a naval ship  [9].These 
compliment aspects of the design which are commercially available off-the-shelf, which are subject to a 
more general set of requirements, such as valves.  

This mixture of standardised and customised components results in differing degrees of complexity in the 
design and manufacturing process where the design is managed through careful interaction with the 
suppliers such as ensuring the electrical and cooling needs are understood and align with the overall 
design of the product. This is achieved using contract management principles and sporadic data drops 
through the lifecycle of the product [81]. The Large Hadron Collider (LHC) for example has 100 million 
components with 1.5 million documents and drawings. Many of the equipment items are specifically 
designed for the LHC and involve many years of research and development which then have to be 
integrated into the facility [11].  Heredia et al. classed ETO products as the most customised 
manufacturing environment compared to MTS and ATO [89]. 

The build process is divided between batch repeatable processes such as manufacturing standard 
pipework and those which are unique for that product such as installing an anti-submarine sonar system. 
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 prime contractor, once the basic requirements are understood. 
The unique bespoke systems within ETO products require specialised tools for the design, such as PDM 
and in the manufacture, such as fitting specialised Government Furnished Equipment (GFE), typically 
military equipment. 

Lee et al. stated ǘƘŀǘ Ψmost of the items on a marine vessel are not available off-the-shelf but are available 
as made-to-specification and they need to be ordered as early as possible before the design is completed 
so that they will be available at the required time during the manufacture and assembly. Therefore, 
components which are purchased off-the-shelf as a commodity product or made to custom specifications 
must be managed. The BoM not only needs to distinguish between what is and is not ordered, but also 
needs to synchronise the delivery according to the PND (Product Necessary Date) recognising the required 
time for assembly or manufacturingΩ [38].  

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 products once manufacturing begins which means that there are few emergent 
patterns to contend with during the manufacturing planning and execution phases, such as design issues 
late in the product development lifecycle [38]. ETO products have an evolving BoM where the product 
information matures slowly, requires careful management due to emergent factors which effect the BoM 
and is dynamic in nature as information flows into the programme to mature the interconnected design 
systems [38]. The factors which effect the BoM include changes due to the evolving supplier information 
which impacts the design, e.g. the size of a gas turbine increasing which, in turn, affects the space 
allocated in the compartment [81]. In new ETO product development the manufacturing phase begins 
before the BoM is fully mature in order to reduce the overall design and manufacturing lifecycle as 
illustrated in Figure 6. Therefore changes to the BoM can have considerable impact to schedules and costs 
of the product if not managed effectively [38]. The impact of these changes increases as the design and 
manufacturing lifecycle evolves due to the locked-in costs and greater maturity of the lifecycle phases. 
When this happens, more rework is required which will have a potentially considerable impact on the 
ǇǊƻŘǳŎǘΩǎ ŘŜǾŜƭƻǇƳŜƴǘ Ŏƻǎǘ ŀƴŘ ǎŎƘŜŘǳƭŜΦ 

Hicks and McGovern described standard product development as a structured evolution from concept, 
design and manufacturing [9]. However, in ETO products, it is a highly iterative process which results in 
change in areas such as the design, manufacturing, contracts with supplier and customer, and with the 
cost model. Due to the close interaction with the various stakeholders, these changes must be analysed, 
understood and managed carefully, with impact-assessment being one of the key techniques used to 
support this management. Hicks and McGovern go on to state that whilst there is considerable research 
into change management there is little with direct relevance to ETO products [9]. The literature available 
includes aerospace who have mechanisms for predicting the complexity of design changes but do not 
establish how to control change given the challenges of ETO products. This is due to the complexity 
affecting ETO products throughout the lifecycle of the New Product Development, such as with bespoke 
suppliers providing increasing levels of maturity of their designs across many years.  

Iakymenko 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 
management and reducing the impact. They highlighted the differences between engineering change 
management in automotive, which they incorrectly refer to as MTO and shipbuilding, which they correctly 
refer to as ETO. They went on to describe that changes to a ŎŀǊΩǎ interior are typically batched and rolled 
into the next production run, therefore already procured parts can be used and phased out before new 
ones are ordered. In shipbuilding changes are incorporated 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, nuclear and defence industries to mitigate risk through 
the lifecycle of the project by undertaking formal reviews to understand maturity and risks before 
proceeding to the next phase. An example of this is the CADMID cycle used by the UK Ministry of Defence 
(MOD) as shown in Figure 8. CADMID has 6 stages: Concept; Assessment; Demonstration; Manufacture; 
In-service, and Disposal. Each stage has different lengths and has formal approvals at the end of Concept 
(initial gate) and Assessment (main gate) [91]. 

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 uncertainty 
on ETO product delivery but, as shown in Figure 6, the decisions taken early in the stages will incur 
significant costs in later stages [9]. 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 overlapping phases across the design and build lifecycle where a stage 
is passed to enter manufacturing but immaturity still exists across the design.  

 

 

Figure 8 The CADMID cycle 

FOC Naval ship NPD requires a more detailed level of control due to 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. 
UK Naval 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 control between detail design, production outputs, 
manufacturing and test and commissioning, as illustrated in Figure 9. 
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Figure 9  CADMID and Shipbuilder lifecycles  

Whyte el al. stated that there is a greater requirement for configuration management in complex projects 
in order to manage their large volumes and various interconnections, and to ensure their integrity [11]. 
They described how configuration management has evolved from a paper-based approach to the digital 
systems which are being deployed with increasing ambition, resulting in increased rapid changes in 
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 change management. Figure 10 
illustrates the relationship to configuration baselines to the CADMID and shipbuilder lifecycles.    

 

Figure 10  Configuration baselines relating to the CADMID and Shipbuilder lifecycles  

Hicks and McGovern describe Capability Maturity Models (CMM) as a potential means to manage ETO 
product delivery [9]. Whilst these cover engineering, procurement, planning configuration, change, 
configuration and quality, there are significant gaps such as with construction and cross-functional 
integration which are relevant to ETO product delivery. CMM does 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, integration and relevance of the product, and the methodologies used on MTS, ATO and 
MTO do not meet these challenges [38]. ATO industries such as automotive and aerospace focus on 
variant management while ETO products such as naval shipbuilding and AEC have an emphasis on project 
management and BoM traceability to ensure assets can be traced through-life, such as for product recalls 
due to the focus on complexity, and maturity, and the differences in lifecycle and lack of a physical 
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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 management [30]. The current PLM 
and ERP methodologies do not focus on these challenges but 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 immaturity of 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. Engagement with the supply chain starts early in an ETO productΩs 
lifecycle and those equipment or systems which are procured early tend not to be off-the-shelf. These 
require interaction with the prime contractor in order to inform the definition of the specification of the 
product. This requires careful management from a supply chain and product information management 
perspective [38]. Effective management of the object relationships and evolving BoM is 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 modelling to 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 overall product 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 
ǘƘŜ ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ǎǘǊŀǘŜƎƛŎ ƻōƧŜŎǘƛǾŜǎ. Other product types typically have a mature engineering BoM 
which supports improved integration with the organisation and the supply chain [38] and does not have 
to contend with new customer requirements or immature supplier information changing the design. The 
early design in naval ships is based around the function of the product which is based on the customer 
requirements. Once this functional design is complete it leads to a structural/physical design which 
supports the manufacturing phases [38]. Therefore with naval shipbuild the design and manufacturing 
take place concurrently [30], resulting in a manufacturing BoM being developed based on an engineering 
BoM which is not fully mature.  

The approach to managing product information for ETO delivery must be able to manage a huge BoM 
across many different product configurations required to support different disciplines across an 
integrated product management system [30]. 

CIMData [5] summarise the relevance of PLM from a product data management perspective by stating: 
ΩERP systems provide necessary support for the procurement and manufacturing operations, but PLM is 
ǘƘŜ ƻƴƭȅ ǎƻƭǳǘƛƻƴ ǎǳƛǘŀōƭŜ ŦƻǊ ƳŀƴŀƎƛƴƎ ǘƘŜ ǇǊƻŘǳŎǘ ƭƛŦŜŎȅŎƭŜΩǎ ōǊŜŀŘǘƘ ŀƴŘ ŘŜǇǘƘΦ Document control, 
security, engineering change management, product structure management, and reducing overall 
development time are all necessary functions. In addition, PLM offers companies the ability to coordinate 
the design process among hundreds of contractors and suppliers throughout the world and to provide a 
coordinated approach for the use of standard components and approved suppliers to decrease material 
and inventory costsΩ [5]. 

2.4.7 Project management 

van Marrewijk et al. undertook an investigation regarding why large-ǎŎŀƭŜ ŎƻƳǇƭŜȄ ǇǊƻƧŜŎǘǎ Ψoften fail to 
meet costs estimations, time schedules and project outcomesΩ ōȅ ŎƻƳǇŀǊƛƴƎ ǘǿƻ ƳŜƎŀǇǊƻƧŜŎǘǎ ƛƴ ǘƘŜ 
Netherlands and Australia. They concluded that project design is a factor and that the current project 
ƳŀƴŀƎŜƳŜƴǘ ƎǳƛŘŀƴŎŜ ƛǎ ǳƴŀōƭŜ ǘƻ ƳŀƴŀƎŜ ǘƘŜ Ψcomplex project realitiesΩ [71]. 

There is a need for advanced project management on ETO products beyond those normally applied to 
less complex products [92]. The project management methodologies required include cost and schedule 
management which are tailored for large-scale, complex product development [92]. These are used to 
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support specialised production processes which will have widely varying operational types spread across 
an activity-driven schedule which is based on the lifecycle of the product [75]. 

The project management challenges relate to the difficulty in taking a bottom-up approach to estimating 
and establishing plans for these products, the norm in other engineering and construction projects [78]. 
The lifecycle of these products means that the requirements are at a low-level of understanding before a 
gradual transformation into a physical product over a long period of time, this transition introduces 
changes to the product which affect the cost and schedule estimates [78]. This gradual evolution of the 
ETO product 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 lifecycle. PLM must 
provide an environment which can be used to mitigate the project management impact and to enable the 
maturity and change position of the product to be understood.  The extent of the project management 
challenges has been highlighted by Merrow who stated that 65% of 300 projects with a budget bigger 
ǘƘŀƴ Ϸм. ŦŀƛƭŜŘ ǘƻ ƳŜŜǘ ǘƘŜƛǊ ƻōƧŜŎǘƛǾŜǎΣ ǿƘŜǘƘŜǊ ƛǘΩǎ ǎŀŦŜǘȅΣ ŎƻǎǘΣ ǎŎƘŜŘǳƭŜ ƻǊ ǊŜŀƭƛǎƛƴƎ ǘƘŜ ǇǊƛƳŀǊȅ 
function of the product [72]. 

2.4.8 No physical prototype 

With ETO products there is a need to ensure that it is ΨǊƛƎƘǘ-first-ǘƛƳŜΩ ŘǳŜ ǘƻ ǘƘŜ ƭŀŎƪ ƻŦ ŀ physical 
prototype which is due to the small number of similar products produced [30]. 

Prototyping enables the improvement 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 design and planning is undertaken prior to a physical prototype being developed, the 
prototypes have verified the design and manufacturing process and demonstrated the concept before 
actual mass production is started. In comparison, an FOC naval ship begins manufacturing prior to the 
design being completed. 

Consequently, it would be accurate to state that an FOC naval ship is both a physical prototype as well as 
a delivered product [81]. PLM plays a significant role in virtual prototyping, in conjunction with the 3D 
models. This enables visualisations of the product to be produced, albeit that there are no physical 
prototypes produced prior to the FOC. This can only be used to support aspects of the design and 
manufacturing, but due to their scale prototyping cannot be used to verify the complete finished ETO 
product. Virtual prototyping is an important function 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 granularity to support modelling at different levels of fidelity across a diverse range of life-phase 
analysis. Automotive and aerospace in comparison will also develop virtual prototypes but have physical 
prototypes created prior to the production-line generating actual products. 

2.4.9 Summary 

This section has discussed the various product types: MTS, MTO, ATO and ETO and their differences in 
relation to PLM. It establishes that ETO products have challenges with respect to PLM implementation 
that are not adequately addressed within MTS, MTO and ATO PLM implementation. These challenges 
include those due to ETO having a significantly slow industry clock-speed compared to other product types 
ǿƘŜǊŜ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ Ŏƻǎǘǎ ŀǊŜ ŎƻƳƳƛǘǘŜŘ ŜŀǊƭȅ ƛƴ ǘƘŜ ǇǊƻŘǳŎǘǎΩ ƭƛŦŜŎȅŎƭŜ ōǳǘ ŀǊŜ ƛƴŎǳǊǊŜŘ Ƴŀƴȅ ȅŜŀǊǎ 
later. 

ETO product delivery is complex with many different elements interacting across the overlapping 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.  



  46 

 

Therefore, for PLM to manage complexity and uncertainty within ETO product development, it must be 
able to manage: 

¶ Integration and design maturity within multiple overlapping lifecycle phases. 

¶ Emerging patterns, interconnectivity, quality standards and environmental considerations 
within the system of systems. 

The procurement process is also challenging due each 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 are long lead-times 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. 

Therefore, to manage customer interaction and procurement challenges for ETO product development 
processes, PLM must be able to manage: 

¶ The capture and control of information to meet customer requirements. 

¶ Sporadic flow of information from suppliers.  

ETO products are customised to meet the needs of a specific customer. Therefore the design elements 
such as equipment and systems contained 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 lifecycle of the ETO programme which is 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 schedule and cost. 

Therefore to manage product customisation: 

¶ PLM must be able to manage the integration of different types of supplier information 
throughout the lifecycle phases, as other supplied products are being designed and integrated 
in parallel. 

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

Therefore to manage BoM, change, configuration and maturity management: 

¶ 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. 

¶ PLM must support the impact assessment and control of change resulting from all stakeholders 
as the design and manufacturing lifecycle evolves. 

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

In other product types manufacturing would not begin until the product is mature. Physical prototypes 
would be used to test the design and manufacture and product changes would be incorporated before 
full scale manufacturing begins. A full physical prototype for ETO products would be prohibitive from a 
cost perspective and time-consuming due to its scale. 
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Therefore to manage the lack of a physical prototype: 

¶ As it is impossible to take a conventional physical prototype approach for an ETO product, PLM 
must be used to manage the evolving product design. This 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. 

This section also discusses megaprojects and their similarities to ETO product delivery and research which 
is available on various public and private megaprojects which supports identifying the challenges and the 
gap in knowledge. It concludes that large-scale complex projects have project management challenges 
which are required to be addressed due to the consistent cost and schedule overruns. 

Therefore to support project management: 

¶ PLM must support cost and schedule management across the lifecycle of the product by providing 
a structured environment which can be interrogated to understand the programmes status, 
mitigating the risks to the cost and schedule. 

The next section will use the challenges identified in this section as the structure to review and critique 
the literature on PLM relating ETO products.  
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 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 described within Section 2 supported by literature and used as a basis to establish guidance 
for the provision of PLM within this context. This section will first critique the relevant literature on PLM 
implementation frameworks and its applicability for ETO products. It will then examine and critique the 
relevant literature with regard to the challenges of ETO products relating to PLM implementation 
including: complexity and uncertainty; customer interaction and procurement; customisation; BoM, 
change and maturity management; project management; and no physical prototype 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 review, supports the critique of 
the published PLM literature based on the differences between ETO and other product types. The 
outcome of this review is the demonstration that there is a gap in knowledge relating to PLM 
implementation for ETO products. 

The literature reviewed and critiqued in this Section was identified initially using a set of keywords relating 
to PLM and ETO products using Google Scholar and the University library search system, SUPrimo. The 
keywords used in various combinations included: PLM; PLM Framework; PLM implementation, PLM 
challenges and ETO. The literature was accessed from the relevant sources and imported into NVivo, 
reviewed and key points captured. The approach was supplemented by identifying publications from 
referenced authors from the identified PLM publications. Endnote was used to ensure correct referencing 
was applied using the Google Scholar Endnote import mechanism. 

3.1 PLM Implementation frameworks 

Frameworks have been developed by PLM researchers in order to provide guidance for PLM 
implementations. Vezzetti et al. undertook a review of PLM frameworks in order to understand how they 
measure business readiness for PLM implementation [94]. This approach was designed to contribute to 
the development of a PLM maturity model as they stated ǘƘŀǘ ΨPLM-related research is relatively youngΩ. 
This maturity model would support an organisationΩs PLM implementation by assisting in understanding 
its readiness to undertake the initiative. This would enable organisations to better understand their as-is 
position and therefore provide an input onto planning and potential challenges with the PLM 
implementation. The PLM implementation frameworks reviewed include those by Sääksvuori and 
Immonen [17], Schuh [18], Batenburg et al. [19], Stark [20], and Kärkkäinen [21]. Vezzetti et al. determined 
that no single framework provided the necessary guidance for an organisation to assess their readiness 
for a PLM initiative. They propose a model which enabled each PLM framework to be benchmarked based 
on its strength and weaknesses relating to its PLM maturity guidance. 

The conclusion that Vezzetti et al. established was typical for PLM implementation frameworks. It is 
difficult for a single framework to provide a Ωone size fitsΩ solution all for an organisation or product type. 
Each framework has its strengths and weaknesses and can contribute to a successful PLM implementation 
but they lack detailed guidance to support 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 products.  

Donoghue et al. conducted a literature review of existing PLM frameworks which can be used to support 
a PLM implementation [16]. These frameworks are those described above and Donoghue et al. concluded 
that these frameworks while valuable provide only a starting point on a PLM transformation initiative. An 
example of high level guidance which can be applied to any business is having simplified processes and a 
PDM centric PLM environment [27], [17]. Donoghue et al. proposed a theoretical high level framework 
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for PLM which they stated could be expanded to assist with understanding the business strategy, 
objectives, operating model and products. The frameworks described above do not provide detailed 
guidance on PLM implementation on ETO products. 

To ensure a thorough critique of the literature, those reviewed by Vezzetti et al. and Donoghue et al. are 
included in the research. 

3.2 Complexity and uncertainty 

The literature in Section 2 demonstrated that there is a greater degree of complexity in ETO product 
delivery such as naval ships in comparison to ATO product types for example. Batenburg et al. described 
a framework to assess and guide PLM implementations based on an assessment of 23 Dutch organisations 
[19]. They highlighted the difficulties with PLM implementation as it spans the lifecycle of the product 
across the extended enterprise and is a significant change to the business. They stated that PLM maturity 
in Dutch organisations was low, particularly with organisational policy and strategy, they went on to state 
that PLM must be embedded into the business culture. They also highlighted that different industries 
have different PLM requirements and proposed a framework which assesses the maturity of PLM in 
organisations. They did not discuss nor provide detailed guidance on overcoming the challenges of PLM 
implementation, such as with complexity and uncertainty in ETO products.   

Rangan et al. stated that virtual prototyping has been used to tackle early lifecycle challenges in naval 
ships which have resulted in improved design decisions and increased collaboration [31]. They did not 
propose viable solutions to the PLM implementation related challenges of complexity for example with 
managing design changes due to new or updated supplier information. One example of this is new wild 
heat data necessitating a change to the design of the HVAC system which will have a resultant effect on 
other aspects of the design such as weight management and spatial design. 

Hicks and McGovern recognised the challenge of complexity on ETO products [9]. They proposed the use 
of stage gates to manage these challenges and cited the oil industry as an example. Stage gate processes 
have been used for decades on ETO products such as with FOC naval ship as illustrated in Figure 8. This 
approach does not resolve the problem of emerging product development process behaviour impacting 
the NPD of ETO products across the lifecycle. 

Sääksvuori and Immonen recognised the need for PLM to manage complexity with creating, maintaining 
and delivering products particularly when there are large amounts of data involved [17]. They provided 
descriptions of different product types including how ships are a unique product with similarities to sister 
ships. They went on to state that similar products are power plants and chemical processing plants. They 
also do not provide detailed guidance on how PLM can be implemented to support these product types. 
PLM was however correctly described as a holistic approach with different concepts, technologies and 
tools while PDM focuses on the management of product data. They then incorrectly distinguish PLM 
technology from CAD and ERP, when they are all aspects of the PLM system of systems; this suggests 
confusion between PLM and PDM. 

Stark stated the need for PLM to manage complexity and uncertainty and highlighted the risk with 
developing new products [27]. He highlighted the risk with developing new products which may not be 
sold in the required numbers to provide a profit or to recover the investment made in NPD. He uses 
commercial aircraft as an example where a company may develop a product over many years but a 
customer may not take their option for purchasing or even be in existence. He did not provide detailed 
guidance on how complexity and uncertainty can be managed and does not discuss ETO challenges and 
how they can be overcome. The guidance Stark provided is generic and did not provide a solution to 
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 Arena project [95] but, as they 
have a mature design before manufacturing begins this complexity is more manageable in comparison to 
naval ships and submarines. Froese provided some examples of complexity and the related emerging 
patterns, such as the change in the use of a room which propagates throughout the construction process 
and can effect schedule and cost [67]. Froese proposed that due to the complexity of construction projects 
from a project management perspective, individual work packages are typically developed to ƘŀǾŜ ΨǾƛŜǿǎΩ 
which would support individual stakeholders by presenting the information that they need in the most 
appropriate manner. These work packages are undertaken independently as it is challenging to determine 
an overall integrated view of a complex project.  Examples were provided of 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 naval ship construction such as the management of a complex BoM 
with integrated change and document management. Froese also provided no details on the management 
of overlapping phases such as design and manufacture. This is due to the lower level of information 
management principles, such as a lack of a complete integrated product definition, practised in AEC 
ǇǊƻƧŜŎǘǎ ǿƘŜǊŜ ǘƘŜ ŀǊŎƘƛǘŜŎǘΩǎ ŘǊŀǿƛƴƎǎ ŀǊŜ ǘƘŜ ƻƴƭȅ ƳŜŀƴǎ ǘƻ ǾƛŜǿ ǘƘŜ ƛƴǘŜƎǊŀǘŜŘ ǇǊƻŘǳŎǘ ǳƴǘƛƭ ǘƘŜ ŀŎǘǳŀl 
physical manufacture is undertaken. 

Naval ship NPD have more process and technological maturity in their PLM environment and have driven 
improvement to manage some of the challenges associated with their complex environments, such as a 
full 3D model based on a managed bill of materials [81]. Froese discussed complexity in AEC projects but 
did not mention how design maturity should be considered and, whilst their research focussed on the 
need to manage the interconnectivity between work packages and the interrelationships between the 
views, there is no detail provided relating to a PLM framework that would support this. 

Xue et al. conducted a review from 2000 to 2009 of literature relating to the use of IT to support 
collaborative working within the AEC industry and focussed specifically on collaborative design, 
collaborative construction project management and integrated inter-organisational management 
information systems [96], all of which are relevant to ETO NPD. Xue et al. described some of the 
shortcomings within the AEC industry ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƭŀŎƪ ƻŦ ǊŜǎŜŀǊŎƘ Ψon theories which have critical roles 
and guide the development of ǎǳŎŎŜǎǎŦǳƭ ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳǎΩΦ Iowever they do not provide clear 
guidance of how a successful system may be developed, which is also a gap within ETO products.  

Bakis et al. researched product data sharing and exchange within the construction industry to improve 
integration [45]. They focussed on integration at three levels: conceptual (data modelling); physical 
(translating and transferring data); and data management (transaction management, access control, 
version management, and change promulgation). As this functionality is present to some extent within 
PLM, it is surprising that no direct mention of PLM is provided.  

The opportunities for utilising PLM in AEC industries is increasingly being recognised with Aram and 
9ŀǎǘƳŀƴ ǎǘŀǘƛƴƎ Ψthat until now only basic information collection and project and portfolio management 
capabilities of PLM systems have been adopted and only by a few AEC companies. We believe there is a 
huge potential for the AEC industry to benefit from integrating PLM technoƭƻƎȅ ƛƴ ǘƘŜƛǊ ōǳǎƛƴŜǎǎ ǿƻǊƪŦƭƻǿΩ 
[69]. This highlights that the AEC industry does not have a solution for PLM implementation and also that 
a PLM implementation framework for ETO products can be utilised within the AEC industry. 

Sharma and Kim discussed that compared to other industries, the complexities relating to: customisation; 
widely varying scales of operations; and, less compatibility between design and production systems, 
create significant challenges in shipbuilding throughout the design and build lifecycle, given the pressures 
on cost, lead times and the expectations for higher quality [75]. They stated that no PLM system exists to 
effectively support these complexity challenges within shipbuilding, thaǘ Ψno PLM system covers the 
compƭŜǘŜ ƭƛŦŜŎȅŎƭŜ ƻŦ ǘƘŜ ǎƘƛǇκōƻŀǘΩΦ !ŎŎƻǊŘƛƴƎƭȅ ǘƘŜȅ use this motivation to propose a concept for a Logic 
Based PLM (LBPLM) system for use in the shipbuilding lifecycle. Sharma and Kim provided details of the 
modules required for the LBPLM system such as design, procurement, project management, production 



  

 

  51 

 

and repair. They stated that the LBPLM system would additionally require security and the ability to share 
information across the enterprise and, whilst they discuss managing 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 modules. They do not consider the need for a framework to manage the 
evolution of maturity within multiple overlapping lifecycle phases. This focus on technology given the 
complexities of the PLM system of systems and the integration of the philosophy into the business would 
be prohibitively expensive to implement and high risk as it would be a customised system. 

As illustrated in Figure 3, the technology in shipbuilding is fragmented and introduced at various times in 
the lifecycle, such as between procurement, design and project management but an improved bespoke 
PLM System on its own will not solve these challenges and, indeed, will add significant other difficulties 
with building, maintaining and evolving a bespoke system. This bespoke system would have to be 
managed by the organisation and would require huge investment in software engineering including 
resources, processes, technology and facilities, Most mature PLM environments will use proven COTS 
applications ǎǳŎƘ ŀǎ t¢/Ωǎ ²ƛƴŘŎƘƛƭƭ ƻǊ {ƛŜƳŜƴǎ ¢ŜŀƳŎŜƴǘŜǊ, but technology on its own will not address 
the challenges with complexity and uncertainty in ETO products. This is demonstrated by the high 
investment in PLM technology but the continuing cost and schedule overruns  experienced [5], [77]. 

Johnson et al. focussed on the management of complexities within the Virginia class submarine 
programme in order to reduce costs by $400M per boat [79]. The literature demonstrated the use of a 
system dynamics model to simulate the effect of the complexity associated with design changes and uses 
historical data to predict a number of cost influencing measures. Despite not specifically focussing on the 
use of PLM, Johnson et al. used concepts such as maturity, quality and rework, to illustrate that the ETO 
product development process is itself a complex system, where change is inevitable in complex 
programmes and pro-active change management is necessary.  The output of the simulation was used to 
help with establishing contracts for the next phase of the programme. However, no detailed approach for 
achieving this was recommended and it instead focussed more on capturing the future impact of 
proposed change at a high level, such as with labour hours, which are a significant proportion of costs on 
a submarine project. 

Gomez et al. described research on combining two topics related to PLM, data structure and knowledge 
management. Their research was informed by existing theory and directed towards relatively small scale 
products. The research addressed data structure and knowledge management individually but did not 
effectively combine both topics [35]. They presented a methodology for the integration of design, 
manufacturing and service knowledge to the data structure in PLM that could be used through life and 
applied to a vacuum pump manufacturer. This application is however conceptual and did not address the 
complexities relating to maturity within multiple overlapping lifecycle phases or the need to integrate 
ƳǳƭǘƛǇƭŜ ǎȅǎǘŜƳǎ ŀŎǊƻǎǎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƭƛŦŜŎȅŎƭŜΦ DƻƳŜȊ Ŝǘ ŀƭΦ, however, highlighted the challenges relating 
to PLM implementation for the 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. proposed a process orientated framework for PLM implementation. They state that there is 
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 concept [18]. The paper focussed on small to medium size 
companies and therefore did not address the types of complexity and uncertainty which affect ETO 
products. They investigated existing PLM solutions from 54 PLM vendors within Europe 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 average requirements fulfilment was only 59% (for system integration). The 
PLM implementation framework they proposed involved linking the PLM software, with requirements, a 
PLM knowledge base and a set of reference models. It consisted of ten steps which provided useful 
guidanŎŜ ǊŜƭŀǘƛƴƎ ǘƻ ƳƻǾƛƴƎ ŦǊƻƳ ǘƘŜ Ψŀǎ-ƛǎΩ ǘƻ ǘƘŜ Ψǘƻ-ōŜΩ organisational state. These steps are:  
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1. Define the goal of the PLM implementation. 
2. Analyse how the existing product information is structured. 
3. Rank available reference processes (Schuh et al. uses reference models from the machinery 

industry). 
4. Identify company maturity level (the as-is processes). 
5. Select an appropriate reference model that best suits the ŎƻƳǇŀƴȅΩǎ characteristics. 
6. Customise the reference model to suit the business needs. 
7. Specify requirement for software systems. 
8. Select software solution. 
9. Define the evolutional path and implement software solution. 
10. Teach employees. 

Schuh et al. stated that these steps were derived from traditional process engineering but were enhanced 
for PLM. Whilst the framework formed the basis for a high-level understanding of PLM implementation 
and there were overlaps for use on ETO products, it lacked the specific guidance required to overcome 
the complexity challenges in ETO products. It relied heavily on guidance and reference models from 
similar industries which are commonly available, which is not be the case for ETO products due to their 
low volume and lack of standardised processes 

Von Rosing et al. investigated combining Business Process Management (BPM) and Enterprise 
Architectures (EA) within IT projects to trace and measure IT investments to the business [97]. They 
asserted that the more complex the IT system, the less likely that it would be flexible enough to meet the 
needs of the organisation. They stated that BPM is about managing business processes and that Enterprise 
Architecture (EA) is the framework for business design. Von Rosing et al. discussed the relationships 
between organisational strategy and how this strategy needed to be reflected (via tactical challenges), 
within complex business IT systems, and how EA provided a basis upon which to manage this. They 
described how combining both EA and BPM would allow the business objectives to be enabled through 
alignment with IT investment. Ensuring that PLM technology alignment meets business objectives is 
important but this literature did not provide guidance on how the complexity of ETO products could be 
managed through aligning the business and technology architectures. 

Terzi et al. provided a history of PLM and its current role using papers covering subjects including: 
extended enterprise, product-lifecycles, processes, integrated supply chain, IT, digital-mock ups, 
standards, interfaces, interoperability, and descriptions of PLM and their use on different product types. 
Their research used examples of long-life products such as turbines, aircraft and short-life products such 
ŀǎ t/Ωǎ ƻǊ ŎŀƳŜǊŀǎΦ ¢ƘŜǎŜ NPD of these product types do not have the same complexity as ETO products 
as their product development process behaviour can be modelled, analysed, standardised and predicated, 
supporting a mature design prior to the start of the manufacturing phase. Terzi et al. provided a 
description of one-of-a-kind enterprises such as naval ships and civil construction and highlighted the 
early engagements of the customer and the importance of PLM in supporting this engagement. They also 
stated that many-of-a-kind enterprises face the same pressures as other industries such as increased 
quality demands, cost reduction and globalisation. [28] They did not provide detail on how to address the 
unique challenges with PLM implementation on ETO products. For instance, they describe ERP as 
transactional and PLM as iterative, this is true in normal manufacturing operations; however ERP in ETO 
products has to account for change due to emerging patterns in the manufacturing stage. Traditional ERP 
systems do not provide adequate support as, when it is planned in a work package, it is difficult to un-
plan in a complex environment due to the many interconnections in non-repetitive tasks common in ETO 
product delivery. 

Terzi et al. also stated that information flow breaks down after delivery to the customer in the majority 
of products, such as consumer electronics. This is not the case in complex environments such as with ETO 
products where product information must be configured, controlled and supported through-life. 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 resolving. There are no proposals for dealing with the 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. 

Lee et al. discussed thŜ ƴŜŜŘ ǘƻ ƛƴǘŜƎǊŀǘŜ ǘƘŜ .ƛƭƭ ƻŦ aŀǘŜǊƛŀƭ ό.ƻaύ ŀŎǊƻǎǎ ŀ ǎƘƛǇōǳƛƭŘƛƴƎ ǇǊƻŘǳŎǘΩǎ 
lifecycle [38]. It highlighted that shipbuilding BoMs differ from MTS and ATO products as the BoM evolves 
in shipbuilding. Lee et al. stated that shipyards have difficulty implementing organisational configuration 
ƻŦ .ƻaϥǎ ǊŜǎǳƭǘƛƴƎ ƛƴ ƴŜǾŜǊ ŜƴŘƛƴƎ t[a ƛƳǇƭŜƳŜƴǘŀǘƛƻƴǎΦ ¢ƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǎƘƛǇōǳƛƭŘƛƴƎ .ƻaΩǎ ƛǎ 
mentioned frequently, but while it shows an evolving BoM, it does not provide a framework to manage 
complexity through its lifecycle when implementing PLM. 

Bokinge and Malmqvist conducted a review of research on PLM implementation guidance with respect to 
their relevance and use in industry [56]. They stated that the literature highlights various 
recommendations for use in PLM implementations. They were not followed due to: a lack of awareness 
of guidelines; an awareness of the guidelines but a decision not to use and an awareness of guidelines but 
a failure to comply. They cited literature from several sources that highlighted the need for organisational 
improvements and aligning systems with processes. They found that some processes changed to align 
with system capabilities bit others did not, resulting in software customisation. Bokinge and Malmqvist 
found that the guidelines from the literature reviewed stated what needed to be accomplished but that 
the literature lacks guidelines on what is relevant for real industrial PLM implementation. Bokinge and 
Malmqvist also referred to proposed process models for PLM implementations. These were focussed on 
early in the lifecycle and did not follow later activities (such as with emerging patterns on ETO products 
which have a lifecycle and evolving design). Other proposed process models included how to configure 
the system to meet the needs of the business but the paper stated that no dominant PLM implementation 
guidelines exist. Bokinge and Malmqvist concluded there was a lack of research on PLM implementation 
guidelines that focusses on the operational level. They stated that thorough studies of industrial PLM 
implementations are required in order to elicit and capture knowledge which in many cases is implicit. 
The project studied was a PLM implementation for an unnamed multi-national organisation (the product 
was not described). This was however a shortcoming due to different implementation challenges for 
different product types, i.e., those which are useful for a mass manufactured product are not necessarily 
appropriate for an ETO product due to the differing levels of uncertainty and complexity. The paper 
supported the lack of PLM implementation guidelines in general and the need for further research is this 
respect. 

Corallo et al. discussed research by the Collaborative Product Development laboratory of the University 
of Salento on PLM [98]. The research activities of the University were focussed on complex products such 
as aerospace, naval and automotive. Corallo et al. used literature to define what PLM is, i.e., an approach 
that includes a mixture of managerial, technological and collaborative features. They highlighted a gap in 
the current definitions such as: product data sources being spread across an organisation; the difficulty in 
ensuring uniqueness, relevance and traceability; and long term archiving regarding provenance for the 
information and its long-term archiving needs. Corallo et al. did not discuss the uncertainty and 
complexity challenges with ETO product types. Whilst aerospace and other industries were used when 
citing examples of the PLM definitions, the specific complexity and uncertainty challenges were not 
discussed, e.g., how uncertainty and emerging patterns could be 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 in Section 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 solved. Batenburg et al. described the importance of integrating 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]. There was no discussion on supplier information or guidance on manging information 
provided through the productΩs lifecycle.    

Rangan et al. discussed using virtual prototypes to help support customer interaction but did not examine 
the challenges of integrating supplier information into the overall design  for equipment that would not 
be provided until later in the product delivery life phase, sometimes as long as a decade after it begins 
[31]. These virtual prototypes provided benefit within the early life phases when discussing and agreeing 
on concept requirements. However, they are not appropriate for managing the procurement lifecycle 
such as with procuring a complex navigation system which is designed bespoke over a period of years to 
meet an initial requirement and, in reality, changes throughout the development life phase as other 
design or cost factors are negotiated. 

Hicks and McGovern stated that detail design, manufacturing, assembly and construction typically happen 
after the customer order penetration (customer commitment) point [9]. Therefore, all the processes after 
the commitment point are ǎǇŜŎƛŦƛŎ ǘƻ ŀŎƘƛŜǾƛƴƎ ŀ ŎǳǎǘƻƳŜǊΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎΦ ²Ƙƛƭǎǘ ǘƘŜ ǇŀǇŜǊ stated that 
ETO companies have increasingly become system integrators of technology provided by suppliers, and 
described the tendering process between the prime contractor in ETO product delivery and its customer, 
there was no discussion on managing the information provided by the supplier. Correctly managing 
supplier information is influential in the success of ETO product development as 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 equipment, but also the supply of the equipment, such 
as with the stages with which a gas turbine is delivered that must align with the planned installation dates. 
All of this should be controlled through the various evolutional BoM views, e.g., alignment between the 
design and planning views that are controlled within the PLM environment. Sääksvuori and Immonen 
stated that PLM assists with procurement activities including managing supplier information [17]. They 
did not describe how the customer influences the supplier selection and that PLM must be implemented 
to manage the sporadic flow of information from these suppliers. No approach was offered to ensure that 
this supplier information is managed to ensure it is integrated into the overall design, such as thermal 
information on an equipment item used to support the design of the HVAC system. 

Stark discussed the importance of PLM with managing the suppliers and ensuring they can work 
collaboratively with the other stakeholders when managing the product lifecycle [27]. He did not offer 
advice on how to overcome the challenges when a customer is involved early in the productΩs lifecycle 
and how their requirements influence the product development. 

Sharma and Kim stated that the customer engagement point is before the start of the design process but 
did not provide detail on management of the evolving supplier information into the integrated design 
[75]. Approaches to e-procurement were also discussed which provide suppliers with secure access, but 
their proposals were immature as it described building a system for supplier engagement, such as 
tendering and responses being via fax/email. There are more sophisticated systems widely used by 
industry, such as Exostar which is in use by major defence companies, e.g., BAE Systems, Rolls Royce, 
Raytheon, Lockheed and Boeing. These provide capability for some of the common tasks in ETO products, 
such as: request for quotations; tender response management; material information exchange and e-
auctioning. 

Supplier engagement must be robustly monitored, such as with the 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 example, each drawing and BoM 
provided by a supplier for a gas turbine must be examined to ensure they meet the design requirements. 
This must be before they are entered into the PLM environment and consumed by the many disciplines 
in the project, such as electrical or HVAC designers. Sharma and Kim state the need for suppliers to be 
integrated and propose a module in their bespoke PLM system 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 with supplier information relating to PLM but rather perform 
activities such as tender management, e-auctions, information exchange and other e-procurement 
activities [99]. The systems and related processes should address the sporadic delivery of engineering 
information from the suppliers over a period of time in order to feed the design process.  

Tang and Qian discuss the relationships with the automotive manufacturers and their suppliers and 
proposed that PLM could be used to aid supplier integration in their industry [33].  Their proposal was 
simplistic in terms of ETO product delivery as it did not, for instance, have the difficulties with merging 
information during a long lifecycle. It described functionality such as information availability, permissions 
(controlling public and private information in the virtual environment) and information exchange. It also 
stated product model improvements could be carried out on-line (design collaboration). This becomes 
more difficult in complex product development, but has very important benefits. The customer 
engagement point in automotive is very different to ETO product delivery as the customers do not directly 
have an influence on the design or suppliers chosen. This simplifies the procurement process greatly as 
automotive manufacturers are able to select any supplier without customer influence. They also do not 
have to address the political complexities such as ensuring taxpayer value for money on publically-funded 
products. 

Terzi et al. mentioned customer interaction in many-of-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 chain [28]. Johnson et al. discussed how the US Department of Defense is 
driving cost reduction which has an impact on the programme due to change [79]. This highlighted the 
influence that the customer has in ETO product delivery as opposed to other industry types. No proposals 
were described with regard to managing these challenges. Lee et al. discussed managing supplier 
information but no detail was given of supply chain complexities with evolving design other that supplier 
information is held against the BoM. There are no proposals for the management of developing maturity 
ōŀǎŜŘ ƻƴ ŀ ŎǳǎǘƻƳŜǊΩǎ ōŜǎǇƻƪŜ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ƻǊ how these can be aligned to the product delivery or how 
any changes could be managed effectively [38]. 

3.4 Product customisation 

As discussed in Section 2.4 there are high levels of product customisation 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 management 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 customers [19]. They did not however provide any guidance on implementing PLM to support 
products which have a high level of customisation. 

Hicks and McGovern stated that ETO products typically feature high levels of customisation which impacts 
cost, lead-times and higher risk, but no proposals were given to manage these challenges [9]. Sharma and 
Kim discussed how ships are highly customised, and have unique designs and variations in the production 
process [75]. They proposed a bespoke PLM System to help solve this. This approach increases the risk 
and cost to the implementing industry. Investment in technology has been seen by many industries as a 
way to improve business performance, however without the related investment in process, business 
change and alignment to the strategic objectives of the organisation, these are difficult to achieve [10]. 
Investment in a bespoke PLM system, as suggested by Sharma and Kim, attempts to resolve issues relating 
to PLM systems in terms of meeting business objectives, but 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 beneficial to inform the PLM vendors in terms of the specific requirements 
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for ETO products and allow them to make internal investment in their products which they can sell to the 
market place.  

Sääksvuori and Immonen referred to engineered products as those which have a high degree of 
complexity and tailoring based on customer requirements [17]. They did not offer a solution as to how 
the combination of standard and customised design elements could be managed. They highlighted the 
importance of repeatable processes in their PLM maturity model, but did not discuss the challenges of 
identifying repeatable processes for highly customised products and how they can be overcome. 

Stark highlighted the importance of PLM with managing product customisation [27]. He did not discuss 
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 not provide a solution to managing the 
information for customised design systems which are required to be integrated into the overall product.  

Johnson et al. recognised that change is inevitable on ETO products but no proposal is submitted to 
manage these challenges [79]. The management of the ongoing customisation of the product through 
design evolution, followed by formal change management, is important for implementing PLM in ETO 
products. The design evolves based on the overlapping phases described in Figure 6 and the activities in 
each phase have a direct impact on those succeeding them, e.g., a change 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 
compartment in the detail design phase. The evolving customised product requires management to 
ensure that the interconnections to the various design systems are understood, communicated and 
controlled. 

Tang and Qian focussed their PLM research on the automotive industry who have stable designs prior to 
manufacturing and do not have the complexities of manufacturing starting prior to the completion of the 
design, as occurs in naval ships and submarines [33]. They therefore provided no detail on managing 
evolving customised designs. Lee et al. identified that there is an evolving BoM but no solutions were 
discussed in detail to managing this in the context of aligning the objectives of the business with the 
technology [38]. Whilst they provided a description of the various BoM views in naval ships, they did not 
demonstrate how these were used to manage the integration, communication and interaction with the 
various suppliers who provided the data used to design the ship in an evolving basis. Other literature on 
PLM such as Terzi et al. did not raise or address the specific challenges with an evolving customised design 
with ETO product delivery [28]. 

3.5 Bill of Material, configuration, change and maturity management 

Section 2.4.6 described the importance of managing the BoM through life and that the relationship to 
product maturity, change and configuration management is understood. Batenburg et al. stated that PLM 
software is required for product configuration and change management but do not provide any guidance 
on its implementation [19]. They do not discuss product maturity and while they raised BoM management 
as a key component of PLM, they offered no guidance on the relationship between BoM, configuration, 
change and maturity management. 

Rangan et al. reviewed the evolution of PLM processes and systems using a number of case studies as the 
basis for their research. They stated that slow clock-speed industries, such as aerospace, have structured 
processes throughout their lifecycle which have an emphasis on configuration management to capture 
and control their data [31]. Change management was discussed but, for fast clock-speed industries only, 
with time-to market being a key aspect in introducing fixes or improvements. This is not appropriate for 
ETO product development due to their long development lifecycle. ETO products manage change as the 
BoM matures over many years and these changes become more critical as the lifecycle matures and the 
impact exponentially increases. Rangan et al. did not provide detailed guidance of managing BoM, change 
or configuration management in PLM implementation. They proposed using virtual prototyping to reduce 
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change but did not discuss the challenges faced by a design that was not fully mature at the point when 
manufacturing has started, and the resultant change management impact. Whyte et al. confirmed that 
there were gaps in literature relating to configuration management and systems integration in complex 
products, and cited research undertaken by Airbus, CERN and Crossrail [11]. They stated that more 
research was required, including: understanding how configuration items are identified; when baselines 
should be struck; and with the relationship between configuration and change management. They stated 
that researchers could develop frameworks for understanding how change should be implemented in 
different circumstances. 

Iakymenko et al. highlighted the importance of change management on ETO products due to engineering 
change being inevitable [90]. They compared different product types and concluded that change on large 
volume products is implemented in the design process or in the next release of a batch production run; 
this excludes safety related issues which may mean a product recall. They stated this approach was 
common in industries such as automotive, electronics and software. They highlighted that for ETO 
products, changes can be included in the current customer order which may have a significant impact due 
to design, production and procurement activities being undertaken concurrently to shorten the NPD 
lifecycle. They identified several challenges:  

¶ Change propagation control which relates to consequential change and change on change; 

¶ Impact on procurement where customised items are produced only for the ETO product and may 
have to be altered, or items already ordered may no longer be required; 

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

¶ Knowledge management where there is difficulty in identifying the reasons for previous changes 
which may assist in managing reoccurrence; and, 

¶ Collaboration and integration where those stakeholders who are geographically dispersed and/or 
working within different disciplines are affected by a change. 

Iakymenko et al. stated that empirical 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 chain impact; collaboration 
and integration; knowledge management; and, IT solutions to support change processes.  

Hicks and McGovern discussed in detail various approaches to manage product development, such as 
with Capability Model Maturity (CMM) and stage gates, but these did not provide detail on managing the 
configuration of the BoM in ETO products and its relationship to maturity[9]. They did provide a means to 
ƳƻƴƛǘƻǊ ǘƘŜ ŘŜǎƛƎƴ ŀǘ ǇŀǊǘƛŎǳƭŀǊ Ǉƻƛƴǘǎ ƛƴ ŀƴ 9¢h ǇǊƻŘǳŎǘΩǎ ƭƛŦŜŎȅŎƭŜ ōǳǘ Řid not support the integration 
and propagation of change across engineering disciplines in order to ensure the design is consistent. 
Kärkkäinen et 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 PLM [21]. 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 as to how this could achieved for PLM implementation on 
ETO products. 

Sääksvuori and Immonen provided a possible information model for ship construction which illustrated 
the high level relationship between documents, design systems, geometry, schedule and cost [17]. They 
also provided a high level product structure for the design. There is no discussion on how this information 
can be managed as the design evolves through the long NPD lifecycle of 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 importance of change and configuration management and that it can be 
enabled by PLM. They went onto provide details on change objects and workflows in PLM. They did not 
discuss the change and configuration management challenges in ETO products and how they can be 
overcome, such as managing and controlling evolving product maturity through the lifecycle of ETO 
products.  
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Stark described the BoM as a hierarchical structure of the elements which make up a product [27]. He 
went onto state that there may be several BoMs such as the Engineering Bill of Material (EBoM) and the 
Manufacturing Bill of Material (MBoM). He described configuration management and its importance in 
long life products; the elements of change management within PLM were also described. Product 
maturity was briefly discussed but was not covered in detail. There was no solution provided as to how 
ETO products could overcome the challenges of emergent issues facing the BoM. The evolving maturity 
of the NPD on ETO products was not discussed nor was there a solution provided in relation to managing 
the configuration and change to provide information stability to the product through life. 

Kamphuis et al. described interconnected product systems and how they could be influenced by change,  
as well as how managing product information was important to the product development lifecycle [95]. 
Electronic Document Management and PDM systems were regarded by Kamphuis et al. as necessary, but 
the capability described was limited in its functionality in comparison to mature PLM environments. They 
did not address the challenges of an evolving BoM and the need for managing maturity. The information 
management systems implemented to manage the Auf Shalke project were designed to organise the 
information and make it retrievable. This was straightforward in comparison to managing emerging 
patterns and the basic nature of the system, an Excel spreadsheet, demonstrated the low level of 
functionality of their product information management capability. 

The management of product information in AEC projects was discussed by Borrmann et al. where 
challenges such as large files make it impossible to create a Product Breakdown Structure (PBS) which is 
necessary for PLM environments. No solutions or guidance to solving was presented and there was no 
mention of maturity or change challenges [66]. Borrmann et al. stated that a new initiative was being 
formed to attempt to improve product information management in AEC projects, but it focussed on 
rudimentary PLM and not the challenges identified with ETO product delivery. 

Tegtmeier et al. stated reasons for poor information management in AEC projects were due to disparate 
organisations in the design process and, also, that they have their own systems that did not allow for 
interoperability [100]. They also stated that 3% of project costs are due to interoperability issues as most 
information exchange is via email, rather than workflows or robust information exchange necessary for 
PLM environments. They highlighted that civil engineering project partners typically managed their own 
data, which was normally file based, with most of the design information based on 2D drawings.  

The literature describes Product information in AEC projects as managed within Excel spreadsheets or 
industry specific systems such as Electronic Document Management Systems (EDMS) or Business 
Information Modelling (BIM), which were limited in their capability to manage complex product data in 
comparison to PDM systems [69]. The fragmented nature of AEC projects results in limited data standards, 
meaning interoperability, i.e., data exchange, is extremely difficult. The literature highlighted that 
improvements were necessary but focusses on the management of CAD data for geological information 
management. It does not cover the challenges discussed in a mature PLM environment for ETO product 
delivery. 

Froese stated that information management systems in the AEC industry are immature [67]. He 
highlighted that during the design phase; ƻƴƭȅ ǘƘŜ ŀǊŎƘƛǘŜŎǘǎΩ ŘǊŀǿƛƴƎǎ ǇǊƻǾƛŘŜ ŀƴ ƻǾŜǊŀƭƭ ǾƛŜǿ ƻŦ ǘƘŜ 
integrated product, until the actual physical product begins to appear. This differs significantly compared 
to ETO products such as naval ships where there is a huge investment in providing a BoM and 3D models 
of the integrated product, albeit the BoM and models are subject to change due to the product 
development process behaviour experienced throughout the evolving lifecycle. Xue et al. discussed 
managing product information in a large-scale collaborative design environment but did not provide 
detailed guidance on how the information should be managed [96]. 

Sharma and Kim stated that no PLM systems could currently manage the complete lifecycle of a ship [75]. 
They suggested that this was due to a lack of integration of PLM system modules and described the 
different components of ship information. No approach was proposed to manage maturity and aligning it 
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with the emerging needs of the product delivery. They focussed on 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 delivery as they are all designed to perform specific functions as 
illustrated in Figure 3. Instead they must be configured and integrated in such a way that the 
organisational objectives can be realised and the evolving lifecycle managed. 

Johnson et al. recognised that the maturity of the design evolves through the design and build of a 
submarine and change to a mature design will have an impact to the programme. However no mechanism 
for managing this was proposed [79]. 

Lee et al. highlighted that in shipbuilding, BoMs differ from MTS and ATO products as the BoM becomes 
available gradually as the design progresses, and continues after manufacturing starts [38]. They 
described that in contrast to ETO shipbuilding products, MTS and ATO have a mature BoM before 
manufacturing begins. They proposed the creation of an integrated BoM across the organisational 
structure in an integrated PDM/CAD and ERP environment which was achieved using an enterprise BoM 
to link the BoM across multiple lifecycle phases. They stated that there was ƭƛǘǘƭŜ ǊŜǎŜŀǊŎƘ ƻƴ .ƻaΩǎ ŦƻǊ 
ETO products, with most of the focus on ATO, MTO and MTS. Lee et al. proposed a prototype structure 
ŀƴŘ ǎƻŦǘǿŀǊŜ ǘƻ ƳŀƴŀƎŜ ǘƘŜǎŜ ƳǳƭǘƛǇƭŜ .ƻaΩǎΣ ǎǳŎƘ ŀǎ ŀ ƘƛŜǊŀǊŎƘȅ ŦƻǊ .ƻaΩǎ ŀƴŘ ŀ ōŜǎǇƻƪŜ ǘƻƻƭ ǘƻ 
demonstrate it. Whilst they recognised the key challenges of BoM management in shipbuilding and 
proposed the use of evolutionary BoMs they did not provide detailed guidance on PLM implementation, 
such as how the BoM configuration and its relationship to maturity should be managed, but rather 
focussed on the implementation of prototype technology to explain their evolutionary BoM proposal. 

Gomez et al. proposed a PLM data structure, which included a BoM, to facilitate the implementation of 
PLM [35]. They discussed the challenges of managing data structures but used a small sample of non-
complex product types and did not address the management of the individual components in the BoM to 
reflect the evolving maturity in the lifecycle. They suggested that their approach would help support PLM 
implementations by improving the structure of the information. It used a basic configuration of a PDM 
system as an example of an as-is model, where the system (Teamcenter) was only used to store CAD data 
while other functionality, such as workflows, were not used. Their research made recommendations that 
the company would need to build a complete data structure, customise its PLM system to enable the use 
of its capability, and improve compatibility with other systems, e.g., ERP. However they did not provide 
the detail required in order to achieve these complex objectives. No mechanism is suggested as to how 
to achieve this. These recommendations would not 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 

Section 2.4.7 described how New Product Development within ETO has a 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 impact. Batenburg et al. stated that PLM is important to manage the product 
through-life but provided no guidance  on how this can be achieved [19]. 

Hicks and McGovern stated that ETO products are typically developed within project-based organisations 
which have acquired the required expertise to support the project management, including the adoption 
of stage gates [9]. They did not however discuss how the project management should be adapted to 
manage the emergent behaviour within the project to avoid cost and schedule overruns. This is surprising 
given the level of risk management which must be implemented to mitigate any changes to the agreed 
cost and schedule which may occur during the lifecycle of the product. 

Sääksvuori and Immonen highlighted that PLM can be used to support project management processes 
such as improving the quality of planning, which can enable a reduction in engineering changes late in the 
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delivery lifecycle [17]. They did not discuss, or offer a solution, as to how cost and schedule in the gradual 
evolution on ETO NPD can be managed by PLM. 

Stark discussed cost and schedule overruns across a number of product types both for NPD and in-service 
[27]. These product types included aerospace, automotive, computers and naval ships. He discussed 
project management concepts and software systems but did not provide 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. discussed at a high level the need to decompose products to manage interactions 
between disciplines but there were no detailed proposals of the practical application of achieving this 
[95]. Borrmann et al. discussed how the PDM system could be used to improve data management in the 
!9/ ƛƴŘǳǎǘǊȅ ōǳǘ ǘƘŀǘ ǇƭŀƴƴƛƴƎ ŀƴŘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻŎŜǎǎŜǎ ŀǊŜ ΨǎǘǊƛŎǘƭȅ ǎŜǇŀǊŀǘŜŘ ŦǊƻƳ ƻƴŜ ŀƴƻǘƘŜǊΩΣ 
which impacts project management [66]. Tegtmeier et al. described the difficulties in establishing a 
coherent and consistent view of the overall development status of AEC projects due to the fragmented 
nature of the stakeholders which retain and manage their information individually [100]. This would be 
unacceptable in extended enterprises such as aerospace or naval shipbuilding where product information 
must be published to a master environment for configuration control. This stakeholder arrangement 
described by Tegtmeier et al. also increases the risk of data being lost once a partner has executed their 
part of the project. The configuration and record management and archiving by comparison is deficient, 
and could result in poor project management execution. They stated that improvements are necessary 
but focusses on the management of CAD data for geological information management and does not cover 
the project management challenges and the relationships with PLM environments for ETO product 
delivery, such as schedule management using planned data provided by a supplier. 

Froese stated that due to the complexity of construction projects, the project manager is challenged with 
integrating independent work packages to ensure that the inputs and outputs have the necessary detail 
and that, as few people as possible have the responsibility for optimising the whole project [67]. Froese 
stated that more effort should be made to improve the support for these interdependencies in 
construction projects. He proposed that there should be multiple views to provide access to integrated 
data, including product, schedule, cost and build but further development was required on management 
practices and technology. ETO product development has the same project management requirements 
and the focus is on attempting to improve their use as there have been demonstrable issues with due 
date and cost performance. 

Xue el al. undertook a literature review on IT to support collaborative working in the AEC industry [96] 
focussing on the concept of Collaborative Construction Project Management (CCPM). They considered 
areas such as improved communication between workers using wireless technologies and basic data 
exchange methodologies using XML. It stated that construction industry projects contained fragmented 
organisational elements. No guidance for improving project management practices in this respect using 
product data management systems for civil engineering projects was made, other than saying further 
research was required. 

Sharma and Kim stated that shipbuilding was described as a construction process as opposed to 
manufacturing production [75]. They discussed an activity-based approach to ship construction and 
stated in adopting such an approach, but did not provide a meaningful way to solve them, other that 
providing a bespoke PLM system which would have integrated design and project management modules. 

Johnson et al. recognised the unique nature of project management in ETO products, due to the evolving 
programme, but also that learning from experience (LFE) improves from one submarine to a later vessel 
[79] but no detailed guidance was provided. 
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3.7 No physical prototype 

Section 2.4.8 described that a challenge of ETO products was that they do not have a physical prototype 
to test the design, manufacturing, cost and schedule. Sääksvuori and Immonen stated that prototypes are 
produced before a new product is introduced [17]. They did not discuss how products which do not have 
physical prototypes can be managed using PLM.  

Stark stated that one of the causes of serious problems 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 of NPD of an ETO product when manufacturing begins before the design 
is complete.  

Andrade et al. stated that there is a lack of literature for PLM supporting ship design [101]. They stated 
that the majority of PLM literature related to advertisements from software providers such as Siemens. 
They went onto state that virtual prototyping could assist with ship design but provided no detailed 
solution as to how this could overcome the changes with ETO product NPD.   

Rangan et al. also used an example of developing a virtual prototype for creating ship systems [31]. They 
detailed the challenges of integrating ship systems, processes and technology but did not address the 
aspects of managing an evolving product design and manufacturing process in ETO delivery, and the 
emerging challenges which are unique to these product types. Rangan et al. described a PLM system 
implementation within automotive, aerospace and shipbuilding using a Virtual Prototyping Environment 
(VPE). Automotive and aerospace differences with ETO products have been discussed within Section 2 but 
VPE in this context relates to the design of ship systems. It differed from the wider challenges of ETO 
products as it focussed on the integration of systems, processes and technology in order to better 
understand requirements, improve configuration management, improve collaboration and reduce design 
iterations. These would be benefits but the VPE did not solve the challenges relating to the management 
of the evolving BoM, the maturity of the information provided by the supply chain, management of 
change and the resultant impact on the lifecycle of the product. 

Hicks and McGovern recognised the complexity and lifecycle of ETO products and suggested that stage 
gates were useful in mitigating risk, but there was no detailed discussion on how to manage the emerging 
patterns and support PLM implementation to mitigate the risks of having no prototype [9]. Froese 
described the use of virtual prototyping for managing project information but stated that the work was 
conceptual and did not discuss a solution in detail [67]. Johnson et al. described the use of virtual 
prototyping for managing project information but that the work was conceptual, again there were no 
detailed solutions presented to manage the risk of having no prototype and how PLM could be used as 
the enabler for risk mitigation [79].  

3.8 Summary 

This section provided a critique on the literature relating to PLM implementation frameworks and the 
characteristics of the challenges of PLM implementation on ETO products as described in Section 2. ETO 
products have been identified as having the following key challenges with PLM implementation to meet 
business objectives:  

¶ Complexity and uncertainty; 

¶ Customer interaction and procurement; 

¶ Product customisation; 

¶ Bill of Material, configuration, change and maturity management; 

¶ Project management; and, 

¶ No physical prototype. 
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The literature reports on PLM in detail and why it is important, including definitions and challenges and 
in some cases how they can be overcome. It provided guidance on PLM implementation, but significantly 
they lack detail in order to solve the challenges of ETO products described in Section 2 in other words they 
do not provide the necessary business context. The majority of the literature focussed on non ETO 
products, those which did include ETO did not provide the necessary guidance to overcome the challenges 
of PLM implementation on these products. The literature which included PLM relating to ETO products 
either recognised the need for further research as no solution was 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 of ETO NPD. Undertaking the 
review based on the ETO challenges enabled a direct critique on whether the PLM literature addresses 
the challenges experienced by ETO products and confirms a gap in knowledge in relation to the significant 
contribution of this research.  

5 PLM challenge discussed with viable solution proposed for ETO products 

Table 4 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 challenge discussed but not in context to ET0 products - 1; 

¶ PLM challenge discussed in context to ET0 products with no solution provided ς 2;    

¶ PLM challenge discussed with solution proposed which is not viable for ETO products ς 3; 

¶ PLM challenge discussed with solution proposed for ETO products with no detail ς 4; 

¶ PLM challenge discussed with solution proposed for ETO products which is viable- 5. 

AEC industries were examined as they are required to manage uncertainty but do not have the same 
challenges in emerging product development processes behaviours, such as they do not start 
manufacturing before the design is complete. It was also clear that AEC industries have made progress 
with BIM, but lack PLM environments and can therefore provide limited assistance in solving the 
challenges with PLM implementation facing ETO products such as naval ship and submarine construction. 
Other authors propose solving the ETO PLM challenges by building bespoke PLM systems. These 
approaches do not solve the problems described, and also drive 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 acknowledges that ETO products have an evolving BoM and that there is a high level of 
change which impacts the delivery, but no effective proposals for managing these were presented. 
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 types. There are individual elements of PLM implementation guidance including 
frameworks, but there is not a complete framework for PLM implementation on ETO products. In 
summary, the problem characteristics of ETO product development including: customer interaction in the 
supply chain; maturity management; no physical prototype; product customisation; and, project 
management necessities mean that no single approach used on other product types, such as ATO, can be 
utilised. 
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[9] Hicks and McGovern 2 2 2 2 2 2 

[17] Sääksvuori and Immonen 2 2 2 4 2 2 

[27] Stark 2 2 2 4 2 2 

[28] Terzi et al. 2 0 2 4 2 2 

[31] Rangan et al. 2 0 2 2 2 4 

[33] Tang and Qian 1 0 0 3 0 0 

[35] Gomez et al. 0 0 0 3 0 0 

[18] Schuh et al. 1 3 1 3 1 0 

[38] Lee, Kim and Lee 2 2 2 4 2 0 

[45] Bakis, Aouad and Kagioglou 2 0 0 3 0 0 

[56] Bokinge and Malmqvist 3 1 4 4 1 1 

[66] Borrmann et al. 0 0 0 1 1 1 

[67] Froese 1 0 0 1 1 0 

[75] Sharma and Kim 3 3 3 3 3 3 

[79] Johnson et al. 2 2 2 4 2 2 

[90] Iakymenko et al. 0 0 0 4 0 0 

[19] Batenburg et al. 1 1 1 1 1 1 

[21] Kärkkäinen et al. 0 0 0 4 0 0 

[95] Kamphuis, de Ridder and Schemers 2 2 0 2 2 0 

[96] Xue et al. 2 0 0 2 2 0 

[97] von Rosing et al. 0 0 0 0 3 0 

[98] Corallo et al. 1 1 1 2 1 1 

[100] Tegtmeier et al. 0 0 0 1 3 0 

[101] Andrade et al. 0 0 0 0 0 4 

       

 0 Not discussed 

 1 PLM challenge discussed but not in context to ET0 products 

 2 
PLM challenge discussed in context to ET0 products with no 
solution provided 

 3 
PLM challenge discussed with solution proposed which is not 
viable for ETO products 

 4 
PLM challenge discussed with solution proposed for ETO 
products with no detail 

5 PLM challenge discussed with viable solution proposed for 
ETO products 

Table 4 Synthesis of PLM literature within the context of ETO product development.  
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 Research methodology 

ΨA philosophical stance of worldview that underlies and informs a style of researchΩ [102]. 

Kothari described the research methodology as the logic used to conduct the research and the particular 
methods that were identified and undertaken in the context of the problem [103]. The methodology 
explains how the research methods support the determination of the research results so that it can be 
evaluated or repeated by others. It also describes why other research methods were either less, or not at 
all suitable. The methodology should describe how the research problem has been defined and how the 
hypothesis will be proven. It provides the boundaries and architecture to systematically solve the research 
problem in a scientific way to create the significant contribution to knowledge. The methodology 
represents a combination of techniques for data collection and analysis which provides a link between 
theory and methodologies. Consequently it also describes how the data is collected and the results 
determined. The research methods are those methods and techniques which are used to conduct the 
research, prove the hypothesis and ultimately solve the research problem. The methods reflect the 
approach to selecting and constructing the research technique, while the technique is the approach to 
conducting the research. In summary, the methodology provides the scientific reasoning of what methods 
are used to reach the research objective. 

The selection of an appropriate research methodology demonstrates that 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 methodology should provide the link 
between the aim, research question and the significant contribution to knowledge as well as the ongoing 
research itself. 

This section describes the methodology adopted for this research including the research philosophies, 
approach, strategy and data collection method. 

4.1 Research philosophies 

Easterby-Smith et al. discussed three main perspectives from a researcherΩs point of view to the research 
problem: Ontology, Epistemology and Methodology [104]. They stated that it is important to consider and 
choose the appropriate philosophical position for the research to enable the best research outcome. This 
is due to the researcher considering what evidence should be captured and reviewed and how it provides 
answers to the research questions. It also assists in determining the research design to establish what is 
appropriate to achieve the research aim. 

The ontology is the philosophical perspective ŀōƻǳǘ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǊŜŀƭƛǘȅΣ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ōŜƭƛŜŦǎ 
and values. Wand and Weber described ƛǘ ŀǎ Ψa branch of philosophy concerned with articulating the 
nature and structure of the worldΩ [105]. The ontological question represents the form of the nature of 
what is reality, and what can be known about it [106]Φ Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ 
ontological perspectives, as this will dictate how the research is carried out. For instance, a researcher 
with a realism ontological perspective 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 truths, meanings and facts dependent on the viewpoint of the actors in the environment [104]. 
Thus, with an ontological perspective of realism, a realist would find a quantitative research approach as 
being most appropriate, as the truth can be captured through measurement such as surveys. Whereas 
with relativism, a relativist believes that truth evolves and changes depending on a point of view, so a 
qualitative research approach would be suitable using structured interviews and case studies for example. 

The epistemology is a set of perspectives about ways of inquiring into the nature of the world. It is the 
theory of knowledge and justification, and how it relates to belief and options. From a philosophical 



  

 

  65 

 

viewpoint it asks how we know what we know to be true or false, and what approach we need to take to 
gain further knowledge, which is worth knowing, and how we know it to be true [107]. Within this 
research, it is particularly important for the researcher to understand the epistemological perspective to 
ensure assumptions are not made solely on the basis of what the researcher believes to be true. Any 
ǇƻǘŜƴǘƛŀƭ ōƛŀǎ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ experience of the subject matter should be avoided. Examples 
of this are with the selection of the participants for interviews and the creation of the interview questions. 

The epistemological perspective of this research is based on a belief that experienced practitioners in the 
fields of PLM are able to provide knowledge to contribute to solving the research problem. However the 
choice of questions may lead the participants into providing answers which the researcher believes to be 
true due to bias, and not those which actually contribute to solving the problem. Therefore, the 
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 enables the 
research methods to be designed and chosen to ensure that the right knowledge can be captured and 
justified using the techniques described in this section. 

The methodology perspective 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 the tools and techniques to undertake the research in a scientifically rigorous way. 
This must be determined by the epistemological and ontological perspectives since the methodology will 
have differing degrees of objectivity [106]. An example of this would be a researcher with a realist 
ontological perspective that may believe that results could be determined through experiments as a 
technique, as there is a single truth to be found. 

It is important to relate philosophies to the paradigm used to understand the researcherΩs view of the 
world, and therefore to guide the research. The appropriate paradigms can be identified through 
understanding the philosophical perspective of the researcher and can therefore be used to explain how 
they have influenced, informed and guided the research [108]. The paradigm can be described as a basic 
belief system based on epistemological, ontological and methodological assumptions [108].  

There are multiple debates on paradigms and their appropriateness to research approaches due to the 
difficulties in determining which is most appropriate. Dǳōŀ ŀƴŘ [ƛƴŎƻƭƴ ǎǘŀǘŜŘ ǘƘŀǘ ΨǇŀǊŀŘƛƎƳǎΣ ŀǎ ǎŜǘǎ ƻŦ 
basic beliefs, are not open to proof in any conventional sense; there is no ǿŀȅ ǘƻ ŜƭŜǾŀǘŜ ƻƴŜ ƻǾŜǊ ŀƴƻǘƘŜǊΨ 
[106]. They stated that the beliefs are basic in the sense that they must be accepted simply on faith 
όƘƻǿŜǾŜǊ ǿŜƭƭ ŀǊƎǳŜŘύΤ ǘƘŜǊŜ ƛǎ ƴƻ ǿŀȅ ǘƻ ŜǎǘŀōƭƛǎƘ ǘƘŜƛǊ ǳƭǘƛƳŀǘŜ ǘǊǳǘƘŦǳƭƴŜǎǎΩ [106]. This is due to 
philosophical assumptions and paradigƳǎ ōŜƛƴƎ ƛƴǘŜǊǊŜƭŀǘŜŘ ŀƴŘ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ǾƛŜǿ ƻŦ 
the world. Guba described competing paradigms which are used particularly in qualitative research, these 
include positivism, post-positivism, critical theory et al. όǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ƛǘΩǎ ǊŜƭŀǘed positions such as 
critical science, poststructuralism and postmodernism), and constructivism [106] as shown in Table 5. 

Other authors add to, adapt and debate these paradigms such as with Merriam and Tisdell who discuss 
positivist/postpositivist, interpretive/constructivist, critical, and postmodern/poststructural [109] and 
Swanson and Holton who focus on positivism, interpretivism and critical science for their work on 
research in organisations [110]. These examples show that there are different ways of describing 
ƛƴǘŜǊǊŜƭŀǘŜŘ ǇŀǊŀŘƛƎƳǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŀǳǘƘƻǊΩǎ ƻǿƴ ǇƘƛƭƻǎƻǇƘƛŎŀƭ ǇŜǊǎǇŜŎǘƛǾŜǎΦ !ƭǎƻΣ ǘƘŜ ǇŀǊŀŘƛƎƳ 
ǳǎŜŘ ǘƻ ǎǳǇǇƻǊǘ ŀƴȅ ǊŜǎŜŀǊŎƘ ǿƛƭƭ ǳƭǘƛƳŀǘŜƭȅ ōŜ ǎŜƭŜŎǘŜŘ ŘŜǇŜƴŘƛƴƎ ǳǇƻƴ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ǇƘƛƭƻǎƻǇƘƛŎŀƭ 
assumption and are, therefore, used to evidence the selection. 
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Item Positivism Postpositivism Critical Theory et al. Constructivism 

Ontology Naive realism ς ΨǊŜŀƭΩ 
 reality but apprehendable 

Critical realism ς ΨǊŜŀƭΩ 
reality but only imperfectly 
and probabilistically 
apprehendable 

Historical realism - virtual 
reality shaped by social, 
political, cultural, 
economic, ethnic, and 
gender values; 
crystallised over time 

Relativism - local and 
specific constructed 
realities 

Epistemology Dualist/objectivist; findings 
true 

Modified 
dualist/objectivist; critical 
tradition/community; 
findings probably true 

Transactional/subjectivist; 
value-mediated findings 

Transactional/subjectivist; 
created findings 

Methodology Experimental/manipulative; 
verification of hypotheses; 
chiefly quantitative 
methods 

Modified 
experimental/manipulative; 
critical multiplism; 
falsification of hypotheses; 
may include qualitative 
methods 

Dialogical/dialectical Hermeneutical/dialectical 

Table 5 Basic beliefs (metaphysics) of alternative inquiry paradigms [106] 

For the purposes of this research and its focus on research within organisations, positivism, interpretivism 
and critical science are described, followed by evidence to support the selection of the paradigm used to 
ƎǳƛŘŜ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΦ ¢ƘŜǎŜ ŀǊŜ ǎǳƳƳŀǊƛǎŜŘ in Table 6 and 
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 hypotheses [111]. Positivists, therefore, would have an ontological 
perspective of a reality 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 methods such as experiments being 
appropriate as shown in Table 6. 

Interpretivism, which is related to constructivism, assumes that knowledge or meaning can be gained 
ǘƘǊƻǳƎƘ ǘƘŜ ƳŜƳōŜǊǎΩ ƻǊ ŀŎǘƻǊǎΩ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ŀ ǎƛǘǳŀǘƛƻƴΤ ǘƘŜ ǊŜŀƭ ǿƻǊƭŘ ƻŦ ŦƛǊǎǘ ǇŜǊǎƻn, subjective 
experience. Whilst interpretivists seek to understand the first person view they also attempt to disengage 
from the experience in order to objectify it [112]. However they still construct meaning 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 epistemological perspective of an interpretivist is subjectivism as there are only 
subjective truths and it is interaction with the actors, or participants, in the research who co-create the 
meaning and ultimately the findings. So, a researcher would accept the meaning of a viewpoint 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 knowledge 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 untruths or poorly evidenced 
facts. Interviews can be undertaken with robust instruments to capture, analyse, cross-reference and 
describe the results to provide a consensus on the knowledge generated. 

Critical science is a combination of critical theory and postmodernism 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 Kant [113]. 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 values [106]. 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 Objective world that science can 
mirror with privileged knowledge 

Intersubjective world that science 
can represent with concepts of 
actors; social construction of reality 

Material world of structured 
contradictions and/or exploitation that 
can be objectively known only by 
removing tacit ideological biases 

Key Focus or 
Ideas 

Search for contextual and 
organisational variables that cause 
organizational actions 

Search for patterns of meaning Search for disguised contradictions 
hidden by ideology; open spaces for 
previously silenced voices 

Goal of 
Paradigm 

Uncover truth and facts as 
quantitatively specified relations 
among variables 

Describe meanings, understand 
members definitions of the 
situation, examine how objective 
realities are produced 

Uncover hidden interests; expose 
contractions; enable more informed 
consciousness; displace ideology with 
scientific insights; change 

Nature of 
Knowledge 
or Form of 
Theory 

Verified hypotheses involving valid, 
reliable, and precisely measured 
variables 

Abstract descriptions of meanings 
and members and definitions of 
situations produced in natural 
contexts 

Structural or historical insights revealing 
contradictions 

Criteria for 
Assessing 
Research 

Prediction-explanation Trustworthiness Theoretical consistency 

Rigor; internal and external validity, 
reliability 

Authenticity Historical insights 

    Transcendent interpretations 

    Basis for action; change potential and 
mobilization 

Unit of 
Analysis 

The variable Meaning; symbolic act Contradictions; incidents of exploitation 

Research 
Methods 
and Type(s) 
of Analysis 

Experiments; questionnaires; 
secondary data analysis; quantitatively 
coded documents 

Ethnography; participant 
observation; interviews; 
conversational analysis; grounded 
theory development 

Field research; historical analysis; 
dialectical analysis; deconstruction; 
textual analysis 

  Quantitative: regression; Likert scaling; 
structural equation modelling 

Case studies; conversational and 
textual analysis; expansion analysis 

  

Qualitative: grounded theory testing   

Table 6  Alternative paradigms for research in organisations [110] adapted from [111]. 

Through these philosophical stances described 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 qualitative in 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 interpretivist, the meanings, truths, facts and 
ultimately knowledge will be derived through capturing the interpretation of participants who are experts 
in PLM implementation on ETO products. With an ontological perspective of relativism there are many 
truths based on the viewpoint on the participants. Through his epistemological perspective, it is 
understood there must be interaction with the participants to co-create the findings. A qualitative 
approach also supports a deeper understanding of issues relating to a particular case study which is 
described further in the following sections [114]. 

4.2 Research approach  

aŜǊǊƛŀƳ ŀƴŘ ¢ƛǎŘŜƭƭ ǎǘŀǘŜŘ ǘƘŀǘ ΨIn fields from education to social work to anthropology 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 proceduresΩ. They go onto summarise qualitative literature that covers different qualitative 
research approaches. Due to this variety they chose to present the most common qualitative research 
approaches [109]. These include: 
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¶ Phenomenology ς a focus on peoplesΩ experience and how experiencing something is 
transformed into consciousness by interpreting it. It is useful for studying emotional human 
experiences relating to certain phenomenon. As PLM requires in-depth analysis of engineering 
products this approach is not suitable for PLM implementation on ETO products. 

¶ Ethnography ς a research process which focusses on human society and culture using field work. 
There are cultural elements to PLM but it also includes process, information and technology are 
therefore not solely suitable for PLM implementation on ETO products. 

¶ Grounded theory ς the creation of a theory from the ground up using data collected by the 
researcher. This approach can be used with thematic analysis to enable the coding of information 
based on data collected and subsequent analysis. This approach was considered for PLM 
implementation on ETO ǇǊƻŘǳŎǘǎ ŀǎ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜƳŀǘƛŎ ŀƴŀƭȅǎƛǎ ǿƻǳƭŘ ǎǳǇǇƻǊǘ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ 
paradigm of interpretivist by obtaining knowledge from participants. This is a candidate approach 
for PLM implementation on ETO products. 

¶ Narrative inquiry ς analysis of peoplesΩ accounts of experiences that are told in story form with a 
beginning, middle and end, and are therefore not suitable for PLM implementation on ETO 
products ŀǎ ǎǘƻǊȅΩǎ ŀǊŜ ƴƻǘ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ŎƻƳǇƭŜȄ ŜƴƎƛƴŜŜǊƛƴƎ products.  

¶ Case study ς in-depth description and analysis of a bounded system. Case studies can be applied 
to ETO products and this is a candidate approach for PLM implementation on ETO products. 

¶ Action research - focusses on solving a problem in practice and implementing change during the 
research process. Due 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. 

Action research is a theory first developed by Lewin [115] and is described by Reason and Bradbury, as Ψa 
participatory, democratic process concerned with developing practical knowing in the pursuit of 
worthwhile human purposes, grounded in a participatory worldview which we believe is emerging at this 
historical momentΩ [116]. Action research reflects how 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 generate understanding on the environment itself. They also influence the 
methods or direction of the research as understanding is captured from the results [109].  There are 
various types of action research which differ based on the approach or the level of collaboration [109]. 
Once such type is Participatory Action Research (PAR) which Greenwood et al. described as Ωa form of 
action research in which professional social researchers operate as full collaborators with members of 
organisations in studying and transforming those organisations. It is an ongoing organisational learning 
process, a research approach that emphasises co-learning, participation and organisational 
transformationΩ [117]. PAR is an approach that enables a change through research which can be 
implemented in a practical way [116], [118]. 

PAR is a well suited approach ŦƻǊ ǘƘƛǎ ǊŜǎŜŀǊŎƘŜǊΩǎ ǇƘƛƭƻǎƻǇƘƛŎŀƭ ŀǎǎǳƳǇǘƛƻƴǎ ŀǎ ƛǘ ǎǳǇǇƻǊǘǎ ƛƴǘŜǊŀŎǘƛƻƴ 
with actors in an environment to solve a problem and to gain knowledge. This is well aligned with the 
significant contribution to knowledge, as the framework should enable change with the implementation 
of PLM in Engineer to Order products to enable organisational objectives. As the research seeks to enable 
change within an organisation as a key objective, PAR is a suitable approach. 

Greenwood et al. described PAR as: Ψa highly collaborative process between expert researchers and 
members of the organisation under studyΩ. This choice of approach is further supported by the 
ǊŜǎŜŀǊŎƘŜǊΩǎ ƻǊƎŀƴƛǎŀǘƛƻƴ ǇǊƻǾƛŘƛƴƎ ǊŜǎƻǳǊŎŜǎ ǘƻ ŜƴŀōƭŜ ǎǳŎŎŜǎǎŦǳƭ ŎƻƳǇƭŜǘƛƻƴ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ǇǊƻōƭŜƳΦ 
Greenwood et al. Ǝƻ ƻƴ ǘƻ ǎǘŀǘŜ ǘƘŀǘ t!w ƛǎ Ψan emergent process largely controlled by local decisionsΩ 
and Ωis a powerful way to resolve complex organisational problemsΨ [117], two key criteria of the research. 

The research strategy BAE Systems Naval Ships is undertaking reflects a major business improvement 
initiative with a view to winning global export orders and continuing to be the lead UK Naval Ship provider. 
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PLM has been identified by the business as being core to achieving this goal and being a key differentiator 
for UK export business winning [81, 119]. The results of this research will be a major contributor to 
realising these business objectives. 

The research strategy will be to use major ETO products to evaluate PLM implementation and will utilise 
PAR to bring about change, where appropriate, within the Type 26 programme. The results of this change 
are discussed in Sections 8 and 9. The case study approach has been identified as a well suited approach 
to suppliant PAR as it is important for the researcher to gain knowledge of the context of the research 
and the processes [120]. The case study is described in Section 5 and with the findings of the research 
cross referenced with the case study in Sections 8 and 9.  

The research also involves an empirical investigation using multiple sources into a real life environment 
which supports the use of PAR and case study [121]. The Type 26 programme will be the main case study 
to contribute to the development of the framework and to evaluate its usefulness. Triangulation from 
other ETO products will be used to develop the framework, and evaluate the research in a wider context. 
This should ensure that the findings provide value and are understood and that the problem solved is not 
limited to a single business entity [122]. The following products were identified as accessible to the 
researcher and appropriate to develop the framework: 

¶ UK Type 26 Global Combat Ship; 

¶ UK Queen Elizabeth Aircraft Carrier; 

¶ UK Type 45 Destroyer; 

¶ UK Submarine Successor; 

¶ Australia Landing Platform Helicopter; 

¶ Australia Air Warfare Destroyer; 

¶ Australia Hunter Class Frigate Programme; 

¶ CERN Large Hadron Collider; 

¶ US Arleigh Burke Destroyer; 

¶ Canadian Surface Combatant; and, 

¶ UK Sellafield Nuclear Power Station. 

Yin highlighted that case studies may be vulnerable in that they produce significant amounts of data which 
are then generalised, and may result in researchers making invalid, incomplete and erroneous 
interpretations [123]. He proposes that case study research should have clear designs before any data is 
collected. To mitigate this risk, PAR will be used and the results referenced back to the originating data as 
described in Section 6, i.e. the key points from the interviews.  Also, Section 5 will describe the approach 
to developing the case study and how this was embedded into the organisational strategy. Siggelkow 
stated that case studies are important for demonstrating the value of a research question and useful for 
identify ideas and concepts [124]. The example that is cited is with regard to the talking pig, i.e., you only 
need to identify one talking pig to prove that they are capable of intelligent thought. The Type 26 case 
study will demonstrate the value of the research by describing how guidance from the framework relates 
to an industrial PLM implementation, this is explained in Section 9. Saunders et al. described two time 
horizons for research [122]:  

¶ Cross sectional, where information is captured at the same time but in different contexts. It is an 
observational study at a single point in time that would include different subjects, such as age 
groups. 

¶ Longitudinal, where data is captured over a long period of time. This data is captured through 
observation and can take many years, the benefits being that changes can be observed over a 
longer time period.    
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The time-horizon chosen for this research will be longitudinal as the case study design, data capture, 
framework development and evaluation was over a period of approximately eight years during the 
lifecycle of Type 26.  

4.3 Research design 

A formalised approach to the research was required which would provide quality through proven and 
scientifically rigorous techniques to assist in the development of a framework for PLM implementation 
on ETO products. The approach would also provide a roadmap for describing the research design and 
enabling measurements against progress. For instance the schedule for the research was linked to phases 
using the research design to measure performance against the plan. The research design would also 
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 as this been demonstrated to be  a proven approach 
which is not only widely used in industry and but is increasingly being used to provide support to research 
projects [125]. Six Sigma is a methodology which utilises proven, highly focussed and rigorous principles 
and techniques for the implementation of quality processes and solutions [126]. The Six Sigma 
methodology is used to develop high performance processes or products or improve existing processes 
beyond just incremental improvement [126]. Six Sigma can be integrated with action research to provide 
a more powerful set of tools to aid the introduction of improvements [127]. It will be used to support the 
PAR research approach described in Section 4.2 as Six Sigma will provide tools for assisting in the 
interaction with actors to enable change within an organisation. Whilst it is more commonly used for 
improving existing processes, using the DMAIC (Define, Measure, Analyse, Improve and Control) concept, 
Six Sigma can also be used for developing an innovative solution such as with creating new products, 
process or services utilising DMEDI (Define, Measure, Explore, Develop, Implement) [128].  

The key difference between DMEDI and DMAIC is that the former can be used to develop an innovative 
solution whether product, process or service, whilst the latter focusses on process improvement as shown 
in Table 7. This was achieved by: defining the problem and the requirements; exploring and creating the 
design concept; developing the findings; and, evaluating and implementing the results. 

DMEDI supported the development of a framework for the implementation of PLM on ETO products as 
this is an innovative solution which requires creativity as opposed to a process improvement. This was 
achieved by: defining the problem and the requirements; exploring and creating the design concept; 
developing the findings; and, evaluating and implementing the results. 

Define, Measure, Analyse, Improve and Control 
(DMAIC) 

Define, Measure, Explore, Develop, Implement 
(DMEDI) 

Define ς Determine project scope, objectives, 
resources, constraints. 

Define ς Very similar to DMAIC. 

Measure ς Determine customer groups, determine 
critical customer requirements, and obtain data to 
quantify process performance. 

Measure ς Define customers and needs using voice of 
the customer and QFD, determine critical customer 
requirements. 

Analyse - Analyse data to identify tangible root causes 
of defects. 

Explore ς Develop design concepts, and high-level 
design. 

Improve ς Intervene in the process to improve 
performance, pilot new process. 

Develop - Develop and optimize detailed design. 

Control ς Implement a control system to maintain 
performance over time. 

Implement ς Validate design with pilot, establish 
controls, full-scale implementation. 

Table 7 Description of DMAIC and DMEDI approaches to Six Sigma [129]. 

DMEDI has been used throughout industry for this purpose [130] such as by PricewaterhouseCoopers who 
use DMEDI for NPD [131] and was selected as a proven and robust methodology for managing the creation 
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of the novel significant contribution to knowledge. Figure 11 illustrates the relationship between the 
DMEDI approach, the research 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.  

 

Figure 11 DMEDI research design related to thesis structure 
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4.4 Summary 

This section has described the research methodology chosen for this research. It first described the three 
main perspectives from a ǊŜǎŜŀǊŎƘŜǊΩǎ point of view to the research problem: Ontology, Epistemology and 
Methodology. The importance of understanding these perspectives was to ensure the research outcome 
was based on the appropriate philosophical position.  

The ontology was described as the philosophical perspective about the nature of reality, based on the 
ǊŜǎŜŀǊŎƘŜǊΩǎ ōŜƭƛŜŦǎ ŀƴŘ ǾŀƭǳŜǎ. As the knowledge for a PLM framework on ETO products exists within 
experts in the field, relativism was identified as the most appropriate as this perspective is that there are 
many truths which are dependent on the actors in the environment. The tools and techniques used for 
the methodology must ensure that the truth, meaning and knowledge can be captured through patterns 
in the results. They must be carefully selected to ensure that results are evidenced and can be objectively 
proven to ensure the findings are not contaminated with untruths or poorly evidenced facts. 

The epistemology was described as a set of perspectives about ways of inquiring into the nature of the 
world and that it is the theory of knowledge and justification, and how it relates to belief and options. The 
epistemological perspective identified was subjectivism as the research perspective is that there are only 
subjective truths and it is interaction with the experts in the field of PLM on ETO products that co-create 
the meaning and ultimately the findings.  

The methodology 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 the tools and techniques to undertake the research in a 
scientifically rigorous way and must be determined by the epistemological and ontological perspectives. 
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 
interaction with experts in the field of PLM in ETO products. 

¢ƘŜ ǇŀǊŀŘƛƎƳ ǳǎŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ǾƛŜǿ ƻŦ ǘƘŜ ǿƻǊƭŘ ǿŀǎ ŘƛǎŎǳǎǎŜŘΣ ǘƘƛǎ ǿŀǎ ŘŜǎŎǊibed 
Ψas a basic belief system based on epistemological, ontological and methodological assumptionsΩ [106]. 
The paradigm identified for this research was interpretivism, which assumes that knowledge or meaning 
Ŏŀƴ ōŜ ƎŀƛƴŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƳŜƳōŜǊǎΩ ƻǊ ŀŎǘƻǊǎΩ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ŀ ǎƛǘǳŀǘƛƻƴΤ ǘƘŜ ǊŜŀƭ ǿƻǊƭŘ ƻŦ ŦƛǊǎǘ ǇŜǊǎƻƴΣ 
subjective experience of those experts in the field of PLM in ETO products. 

Research approaches were discussed 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 strategy uses business 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 approach. The longitudinal 
time-line was chosen as the time horizon for the research as the case study design, data capture, 
framework development and evaluation was undertaken over an eight year 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 design using Six Sigma was described, including how this provides a proven formalised design 
structure. Six Sigma has a set of tools to assist with PAR for supporting the interaction with actors to 
enable change within an organisation. It described DMEDI which enables the development of a new 
product, process or service and how this approach will be used to assist in the development of a PLM 
implementation framework for ETO products. This was achieved through: defining the problem and the 
requirements; exploring and creating the design concept; developing the findings; and, evaluating and 
implementing the results.  
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 Definition of requirements for a PLM strategy for a 
new generation Royal Navy product 

This section describes the requirements for the implementation of PLM to meet business objectives on 
an ETO product NPD. It uses the Type 26 Global Combat Ship as the case study where a PLM to-be 
environment to meet business objectives was developed. This environment is described and used as the 
case study for PLM implementation with which to discuss the framework for the implementation of PLM 
on ETO products in Section 9. 

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 undertaken. Significant investment in technology, 
infrastructure, people and processes is intended to enable a step change in efficiency, quality and safety, 
to ensure Naval Ships remains competitive, delivers profit for the company, best value for money to its 
customers and to secure export orders. 

On 11th September 2014, a facilitated workshop was undertaken to capture the BAE Systems Naval Ships 
business requirements for the implementation of PLM improvements to support Type 26 and future 
programmes. These requirements were based on identified business improvements which had been 
approved by the Type 26 senior management team; each lead for the business improvement was invited 
to the workshop. This workshop included representation from across the functions of the business 
including engineering, supply chain, programme management, in-service support, manufacturing 
planning, manufacturing and IM&T. The aim of the workshop was to identify the requirements for PLM 
implementation which would meet the objectives of the business functions. The structure of the 
workshop was as follows: 

1. The workshop began by discussing the identified business improvements using the template 
illustrated in Figure 12. The completed template described the business benefit and is evidence 
of its approval status. The template provided an overview of the assessment of the benefit 
including: 

a. Priority; 
b. Initial assumed technical difficulty; 
c. Assumed probability of implementation; 
d. Cost information; and 
e. Approval status. 

2. The estimated incurred cost and realised cost benefit was discussed within the workshop using 
Figure 13. This assisted with understanding when the costs would be applied and to what 
programme area. The information was used to assess the impact on the current PLM architecture 
and where targeted improvements could 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. 

4. Those improvements which could potentially be enabled through PLM were captured and agreed. 
5. The workshop concluded with an action plan to capture those requirements which required 

further investigation. This requirement elicitation used the existing BAE Systems IM&T process 
resulting in the creation of a requirements specification. 
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Figure 12 Business improvement template 

 

 

Figure 13 Business improvment template to capature cost impact and benefits to the NPD lifecycle 

The House of Quality (HOQ) shown in Figure 14 illustrates those improvements identified and agreed by 
the stakeholders at the workshop. Hauser and Clausing described the HOQ as part of Quality Function 
Deployment (QFD) and were first developed at MitsubishiΩǎ YƻōŜ ǎƘƛǇyard in 1972 [132]. It was since 
adopted worldwide to understand customer requirements (the voice of the customer) which are the 

<Title> 
Domain: Authority: Owner

Description Summary

Type : Product Process

Priority : P1 P2 P3

Raised Sponsored Understood Approved Applied Rejected Parked

<Date> <Date> <Date>

Plan to Mature

Technical Difficulty : T1 T2 T3

Delivery of Cost : Pre contract 

decision point
Main Gate

Diverted

Cost

Assumptions:
Å

Status

Indicative Impact Value Per Ship (8 Ship Average) :

Probability of 

Implementation:

VL 
< 9%

M
>25%
<49%

L 
>10%
<24%

H 
>50% 
<74%

VH 
>75%
<100%

<Date> <Date>

Engineering

L
a

b
o

u
r

Design

Stage 1

Develop

(Procure)

Stage 2

Outfit STW /

Acceptance

Platform

STW /

Acceptance

CS

In service

Stage 7

Disposal

Stage 8

Production

T & C

PM / Commercial

Supply Chain

Hull

Propulsion

Electrical

Control & Comms

Auxiliary Systems

Outfit and Furnish

Armament

Design & Const

Support (MoD)

M
a

te
ri

a
ls

Support

Reduced Cost Increased Cost Potential Impact. (Not currently 

analysed)

No ImpactImpact, but

Negligible

Production

Preparation

Stage 3

Build



  

 

  75 

 

demanded improvements of quality. It is then used to translate it to the functional requirements (the 
voice of the engineer) which reflect how the customer requirements will be met. They go onto say that 
the first activity is to identify the customer needs in their own words, which are the benefits they want 
the solution to provide, these are normally captured in facilitated discussions, such as the workshop used 
to identify the PLM improvements. The second step is to structure and prioritise the customer needs to 
identify the top five to ten primary or strategic needs which will drive the strategic improvement direction 
of the solution [132]. This was achieved in the workshop using Figure 12 and Figure 13 which not only 
described the business benefit but enabled prioritisation based on when the improvement was required, 
e.g. early in the programmes lifecycle. 

Figure 14 shows the ten strategic customer requirements that were captured at the workshop which have 
been identified as requiring the implementation of PLM improvements, these are: 

1. Improved first time quality of product information; 
2. Improved schedule and cost accuracy and adherence; 
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 flow - what, when and where required) ; and, 
10. Earlier and improved identification, management and reporting of completion. 

 

These requirements were then weighted in terms of importance based on the facilitated workshop. The 
weighting reflected the lifecycle phase of Type 26 at the point in time where the manufacturing phase 
was still several years away, therefore greater importance was placed on improvements to managing the 
design information, change and supporting the cost and schedule accuracy. The lower weightings were 
related to manufacturing planning, logistics control of equipment, and manufacturing and completion 
activities.  

The improvements identified by the customer requirements cannot be achieved by PLM alone but aspects 
can be enabled by improvements to PLM. For example PLM will not solve the problem of 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 was to capture the functional 
requirements (engineering characteristics) for improvements to PLM which are required to be 
implemented. These requirements were first identified in the facilitated workshop and further established 
through more detailed requirement elicitation sessions following the BAE Systems IM&T processes. The 
required improvements to PLM are: 

¶ Cross functional BoM ownership and Improved BoM level of detail; 

¶ Improved data integration/alignment (PDM/CAD/ERP); 

¶ Association of related design artefacts (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 information ; 

¶ Centralisation of product  management processes, and capability provision; 

¶ Toolset (technology) rationalisation; 

¶ Digital (model based) planning; 
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¶ Improved identification of change affected items; 

¶ Enable single point of truth and a reduction in data duplication; 

¶ Capturing, management and presentation of maturity information; 

¶ Classification of design artefacts based on design, supply chain, manufacturing processes; 

¶ Identification of BoM artefacts to enable repeatable manufacturing; and, 

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

The relationship 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 moderate. No weak links were identified as all aspects of the functional 
requirements were required to support the customer needs in some way and it was agreed with the 
stakeholders at the follow on requirement sessions that these could be achieved by the functional 
requirements.  

The difficulties of applying the PLM improvements were discussed and agreed with the PLM team, these 
are shown in the difficulty section at the bottom of the HOQ in Figure 14. A PLM implementation plan was 
created which included resource and timescales which reflected the challenges with meeting the 
functional requirements. This plan was included in the overall Type 26 schedule and was managed 
through the BAE Systems programme management process. The direction of improvement was captured 
and is shown at the top of the HOQ in Figure 14. Those identified as new capability were marked as Target 
and those which were believed to be further improvements on existing PLM capability within the business 
were marked as Maximise. For example the requirement of Ψ/Ǌƻǎǎ ŦǳƴŎǘƛƻƴŀƭ .ƻa ƻǿƴŜǊǎƘƛǇ ŀƴŘ 
LƳǇǊƻǾŜŘ .ƻa ƭŜǾŜƭ ƻŦ ŘŜǘŀƛƭΩ was identified as new capability but was not viewed by the PLM team as 
being extremely difficult to implement. The roof matrix displays the strong positive, and positive 
correlations between the functional requirements. These were captured by the PLM team and used to 
input into the creation of the PLM strategy to show relationships across the functional requirements. The 
PLM strategy is a document which contains the demanded quality from BAE Systems Naval Ships and how 
they will be realised by PLM through the functional requirements, as shown in Figure 11. The Naval Ships 
PLM strategy is an important document as it enabled the communication, review and approval of the PLM 
improvements by the customer requirement owners and the senior management team. The PLM strategy 
formed the basis for improvements to PLM to support the design, build and in-service support for the FOC 
new generation Royal Navy vessel, the Type 26 Global Combat Ship. The PLM strategy was also intended 
to support future programmes and to provide a competitive advantage to the securing of export orders. 
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Figure 14 House of Quality for PLM to enable Type 26 objectives. 

BAE Systems Naval Ships has defined its PLM strategy as the Integrated Bill of Materials (iBoM) Strategy. 
The vision for the iBoM is that it provides a comprehensive integration of information and processes 
associated with BoM elements broken down to the levels required by the business through life which will 
deliver improved cross-functional product data integration, for example an integrated Engineering and 
Manufacturing BoM. The iBoM strategy was developed to address significant issues associated with BoM 
management due to the challenges associated with ETO products as described in Section 2 and those 
experienced on previous Naval Ships programmes Lessons from previous and current programmes across 
the lifecycle and the business functions were captured, and distilled down into key areas for quality 
improvement using the templates shown in Figure 12 and Figure 13. This led to the identified business 
benefits which required improved PLM capability, as illustrated in Figure 11.  
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The workshop enabled the gathering of the customer requirements which were then mapped to the 
functional requirements for a PLM implementation. This utilised the BAE Systems requirements elicitation 
process. A proposed PLM implementation is discussed in the following sections which aimed to satisfy 
these functional requirements. With this more detailed description of the PLM implementation, it is then 
possible to gather the evidence for a more generalisable PLM implementation framework for ETO 
products as described in Section 7. The detailed PLM improvements described in the following sections 
can be related to the PLM implementation framework developed in Section 7, enabling an improvement 
understanding of PLM implementation on ETO products. This is described further in Section 9. 

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

Capturing, management and presentation of maturity information was identified as a functional 
requirement from the HOQ as shown in  

Figure 14 and is a key challenge relating to PLM implementation on ETO products as discussed in Sections 
2.4.6 and 3.5. The iBoM is a critical element of the maturity measurement and management approach for 
Naval Ships in order to understand the evolving design information throughout the lifecycle of the ship. 
This also provides a mechanism for reporting on programme schedule and cost adherence as it can be 
measured against pre-defined maturity criteria which is a challenge for ETO products as described in 
Section 2.4.7. In order to enable the appropriate management of the parts and their associated 
occurrences within the iBoM, PLM capability has been developed by BAE Systems Naval Ships to capture 
maturity criteria on key technical attributes which can then be measured against predefined criteria. 
Examples of these technical attributes include electrical and weight which have maturity codes which are 
assessed at design reviews to determine if they have reached the required criteria to progress through 
the stage gate. This is discussed further in Section 9.1. 

5.2 Cross functional BoM hierarchies and improved BoM level of 
detail 

Cross functional BoM ownership and improved BoM level of detail, and the creation of views of product 
data which will evolve through product lifecycle for different stakeholdersΩ needs, were identified as a 
functional requirement from the HOQ shown in Figure 14 and is a key challenge relating to PLM 
implementation on ETO products as discussed in Section 2.4.6. Cross functional BoM hierarchies relate to 
a BoM that evolves through the lifecycle of the product and is required to be reused by various business 
functions such as design, manufacturing planning and in-service support, it is also referred to as an 
enterprise BoM by Lee et al. [38]. As shown in Figure 15 the iBoM consists of hierarchies that break the 
product definition down that is structured in accordance to different business needs. Examples of these 
business requirements include a design BoM which reflects engineering parts and their occurrences, or a 
manufacturing BoM which is used to digitally plan the build processes. These hierarchies are 
interdependent forming the iBoM, and are achieved using a set of configured items to identify part usage 
across each of the hierarchies. For example equipment occurrences in Figure 15 can also be broken down 
to an installable level for digital planning. These configured items uniquely identify every occurrence of 
each part and are linked to the applicable hierarchies to create a product definition for each applicable 
business function.  

This integration across the different hierarchies and business functions results in information being reused 
for different purposes and which is fully integrated but viewed differently depending on the roles of the 
user. Each BoM structure is owned and managed by the relevant business owner and has associated 
product development processes. These product development processes will result in interdependencies 
within the activities, such that a change within the design process could have implications on digital 
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planning, as well as in-service support tasks from a maintenance perspective. These interdependencies 
and their management throughout the product development process are an important aspect to the 
challenges with BoM configuration, change and maturity management. 

The concept of cross functional BoM hierarchies was identified as a significant enabler for an 
improvement in the quality as it assists with removing disconnected and out of date BoM information 
which may be used by differing business functions. For example an equipment occurrence that has been 
removed from the design BoM which is being digitally planned for manufacture. This will also assist with 
a reduction in the number of product changes due to incorrect or inconsistent information as identified 
in the HOQ in  

Figure 14. The iBoM concept aims to improve information interconnectivity helping to manage the 
complexity and uncertainty of the product design as discussed in Section 2.4.3.   

 

Figure 15 Cross functional BoM hierarchies. 

5.3 Association of related BoM elements 

The association of related design artefacts, improved access to the correct configured information, and 
improved identification of change affected items, were identified as a functional requirement from the 
HOQ shown in  

Figure 14. Where there are components within the BoM that are related but are required to be configured 
separately, these will be related and managed through the iBoM. An example of this would be a seat or 
mount for equipment. Due to the complexity, uncertainty and long lifecycle of the design, there are 
different requirements for managing the product information. One stakeholder could for example require 
the management of the relationship between an equipment item and its mounting arrangement; whilst 
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a different stakeholder would require the management of an equipment item and the grouping with other 
items into a module for ease of build. A further stakeholder could require the contents of a server to be 
managed; whilst another stakeholder would only require the spatial elements of the server for CAD 
integration. The association of these BoM elements is a key requirement for PLM to aid with their 
identification and be managed throughout the lifecycle, but also for the identification of affected change 
items.   

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

Enabling a single point of truth; a reduction in data duplication and improved data integration/alignment; 
toolset (technology) rationalisation; centralisation of product management processes; and capability 
provision and integration of the BoM with configuration and change management across Computer Aided 
Design (CAD), Product Data Management (PDM) and Enterprise Resource Planning (ERP), were identified 
as functional requirements from the HOQ shown in Figure 10. Improved BoM quality can be enabled by 
reducing duplication through integrating the CAD, PDM and ERP systems as illustrated below in Figure 16 
and earlier within Figure 3. This figure shows a visualisation interface between PDM and ERP which is 
developed with managing the instability in the manufacturing environment due to the emerging product 
development process behaviours described in Section 2.4.3, which is discussed further in Section 5.5. 

The aim is to control the evolving BoM in the PDM system where it can be managed more effectively. This 
management is necessary due to the PDM system being iterative and the ERP system being transactional, 
as discussed in Section 3.2 and stated by Terzi et al.  [28]. The main benefit of integrating these systems 
is a reduction in rework resulting from improved alignment and consistency of the product data, 
particularly between the CAD and PDM systems. This improvement is significant as the PDM system is 
widely used in the system design phase of the programme with CAD usage increasing in the detail design 
phase, as illustrated within Figure 6 in Section 2.4.2. 

 

Figure 16 CAD, PDM and ERP integration. 
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Without CAD/PDM integration, the system and detail design phases can become misaligned and 
inconsistent through design evolution and emergent change, resulting in significant cost and rework, 
particularly if the inconsistencies are identified late in the lifecycle, such as within the manufacturing 
phase, resulting in significant incurred costs as illustrated in Figure 6 in Section 2.4.2. Integration across 
CAD/PDM and ERP enables improvements to the processes for managing the evolving design, the flow of 
information from suppliers and change and configuration management, as the data and toolsets can be 
better aligned, mitigating the challenges described in Sections 2.4.3 and 2.4.6 0. Therefore, the reduction 
of the consequential cost of change has a positive impact in that it should allow engineers to spend more 
time focussed on value-adding activities to improve the quality of the product. This approach also enables 
PLM toolset rationalisation, as the technologies that would have been implemented to manage disparate 
information sources are no longer needed and removed. This reduces data duplication, misalignment of 
data and information technology costs.  

These improvements to BoM quality assist with right first-time aspirations which in other products would 
be managed through physical prototypes; therefore this mitigates the challenge of no prototype 
described in Section 2.4.8. 

5.5 Digital planning 

Digital (model based) planning was identified as a functional requirement from the HOQ as shown in 
Figure 14. An iBoM that defines the product breakdown to an installable level is integrated with the design 
environment and accurately describes its maturity; this in turn enables the manufacturing planning 
activities to be undertaken more effectively. Figure 17 illustrates the digital manufacturing planning BoM 
integrated with the design BoM and broken down to installable level. This improvement with traditional 
planning approaches is due to manufacturing planning activities requiring manufacturing drawings, which 
are typically not available until the end of the design process. This results with earlier planning activities 
which can subsequently inform the cost and schedule, helping to mitigate the project management 
challenge described in Section 2.4.7. 

 

Figure 17 Digital planning in the PDM system. 
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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 BoM items 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 Section 2.4.8. 

Once the sequence is agreed, the manufacturing planning team can then transfer mature information 
across the PDM to ERP interface as described in Section 5.4. The BoM information in the ERP system is 
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 readily identified and progressed through the lifecycle.  

5.6 Design for in-service support 

Cross functional BoM ownership and improved BoM level of detail was identified as a functional 
requirement from the HOQ shown in Figure 14. Capturing and managing in-service support product data 
within naval shipbuilding programmes is challenging due to: 

¶ Not effectively capturing the required support data within the BoM, resulting in missing data, 
misalignment and quality issues; 

¶ A lack of transition planning, including responsibilities and process, between the design and 
manufacture  team, and the In-Service Support team; 

¶ A lack of coherence between naval and engineering numbering structures; and, 

¶ Different IT systems being used for the management of the BoM. 

It is necessary to ensure alignment between the BoM for design and support due to the design evolution 
and emergent change throughout the programme which can impact the in-service support activities due 
to BoM misalignment. 

The iBoM concept aims to address these challenges by providing a maintainable parent and child 
breakdown, and associated data from the supply chain that will be captured and integrated with the 
design configuration in the engineering BoM, as shown in Figure 18. This will be supplemented with the 
use of in-service support naming and numbering conventions for BoM occurrences, resulting in the 
removal of misalignment and translation activities due to different conventions. 

The PDM system will ŀƭǎƻ ƳŀǎǘŜǊ ōƻǘƘ .ƻaΩǎ ǘƻ ǎǳǇǇƻǊǘ ƛƴǘŜƎǊŀǘƛƻƴ ŀƴŘ ŀƭƛƎƴƳŜƴǘ ǳƴǘƛƭ ǘƘŜ ŘŜǎƛƎƴ ƛǎ 
mature and the information can be exported to fleet support systems which use the maintainable BoM 
information to support the ships in-service. This approach will enable improved BoM quality and a 
reduction of rework between the design, build and support activities as maintainable items are identified 
and managed directly from the design. The in-service support team will also have improved functionality 
to be able to identify what product change will impact their requirements and decision making, allowing 
the in-service support team to influence the change process and assess impact on through-life support. 
Ultimately, the customer will receive a product which will be more easily maintainable, with data that 
meets their through-life requirements. 
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Figure 18 Integrating the Engineering and in-service Support BoMs. 

5.7 Supply chain data capture and delivery 

Improved supplier data capture was identified as a functional requirement with a strong relationship with 
the customer requirement of improved first time quality of product information as shown in the HOQ in 
Figure 14. The challenges identified in Section 2.4 identified the importance of managing supplier 
information through the lifecycle due: to the customer interaction and procurement approach; the level 
of product customisation; the importance of project management; and the relationship with the BoM and 
maturity management. Supplier information is used within ETO product development to evolve the design 
of the integrated systems through-life. The effective capture of this information is a key requirement of 
PLM on Type 26. Due to the procurement approach as described in Section 2.4.4, suppliers provide 
deliverables to the Type 26 programme that are at agreed dates in the lifecycle of the programme. These 
are then reviewed and either accepted or rejected by the programmes contract management team. One 
of these deliverables is the BoM information of their products which may be highly customised, including: 
their parts and occurrences; their technical attribution, for example electrical and weight information; 
and the BoM breakdown, including the maintainable breakdown, as illustrated in Figure 5 in Section 2.2. 

In previous programmes this has been provided in various formats which were then manually entered 
into a PDM system. This caused information quality issues due to the possibility of data entry mistakes, 
was time consuming which impacted schedule performance, and was costly due the resource 
requirements. The iBoM strategy included an approach to create a mechanism for BoM information to be 
entered by the supplier, ensuring that the Original Equipment Manufacturers (OEM) BoM information is 
formatted correctly and can be automatically entered in a supplier review portal. As shown in Figure 15, 
once approved by the contract management team, the BoM information is then automatically loaded into 
the PDM system, enhancing BoM information quality and reducing schedule and cost impact. The capture 
and efficient import of good quality supplier BoM information will support the evolution of the often 
highly customised integrated design. It will also improve the understanding of BoM maturity which will as 
a consequence assist in the mitigation of the cost and schedule challenges of the project management. 
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In addition, since this approach increases the BoM quality from the supplier and they are provided with a 
standardised mechanism, it can be easily reviewed, with any issues identified prior to automatically 
uploading into the PDM system. This will significantly reduce the time required to conduct supplier 
reviews and enable more efficient and speedy input of data into the product development programme. 
The supply chain review process enables improved identification of issues and questions which otherwise 
may go unnoticed or require supplier interaction later in the design or build lifecycle, such as installation 
tooling guidance. As a consequence, supplier queries are reduced, resulting in a reduction in cost for 
suppliers to answer questions or provide additional information later in the lifecycle. In addition, supplier 
related issues that may impact the programme are identified earlier and their impact reduced. 

 

Figure 19 Integration of supply chain information with the iBoM. 

As the full parent/child breakdown to maintainable level is more easily captured and loaded into the PDM 
system, this results in improved management of lost or damaged child items during build e.g., a handle 
of a valve, which otherwise may require the full equipment item to be replaced incurring cost and 
schedule delays. It also enables the capture and comprehensive attribution of BoM information for 
engineering, support, planning, and supply chain. This reduces the use of disconnected data repositories 
such as spreadsheets, and assists with the collaboration of the design and build, increasing toolset 
rationalisation. 

5.8 Repeatable manufacturing identification 

Increased repeatable manufacturing processes is a customer requirement, and classification of design 
artefacts based on design, supply chain, manufacturing processes and identification of BoM artefacts to 
enable repeatable manufacturing were identified as functional requirements in  
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Figure 14. One of the key challenges related to PLM implementation on ETO products is product 
customisation which impacts standardisation as described in Section 2.4.5. There are opportunities to 
introduce standard processes and information within the design and manufacturing environments. One 
of the requirements for PLM on Type 26 is to use the iBoM to support the identification and management 
of repeatable manufacturing processes, and use product information to reduce the number of bespoke 
activities during build; this is illustrated in Figure 20. The benefits of this approach are that the build 
timescales can be reduced due to the identification of standard manufacturing processes in the design 
lifecycle. 

The customisation of the ETO product results in numerous specialised processes that are difficult to 
manage and typically have increased resource and time demands. With the identification of BoM items 
which can have manufacturing standardisation applied, the ETO product can provide the project 
management benefits of mass production where appropriate, such as with piping, steelwork, and HVAC 
items. Manufacturing standardisation also has the benefit of reducing quality issues and rework which 
otherwise may occur within bespoke manufacturing, and enables a reduction in the investment required 
to support these various manufacturing approaches. There is also an improvement in safety as the variety 
within the Standard Operating Procedures are reduced and, therefore, these processes are more widely 
understood and can be managed more effectively with risk assessments. 

 

Figure 20 Enabling repeatable manufacturing standardisation in the design. 

These improvements in the build phase will also reduce the design effort, as the engineers will be able to 
pick from a standard set of a controlled, refined parts catalogue that have been approved for use within 
manufacturing. The benefits for the supply chain are that there is a reduction in material variation which 
simplifies the procurement processes and allows 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 opposed to trying to 
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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, management and reporting of completion were a customer 
requirement identified in  

Figure 14. Due to the long design and build lifecycle of an ETO product, there is a requirement to manage 
the ongoing completion of the product through the various phases of the programme. These completion 
activities may span years from completion planning, to installation, commissioning and acceptance. The 
iBoM enables improved management of completion through associating and integrating the BoM master 
data to completion activities. This requires the implementation of solutions to the PLM functional 
requirements illustrated in Figure 14. 

The creation of a completion hierarchy in the iBoM is required, as illustrated in Figure 21, where design 
BoM elements are associated to completion activities in this hierarchy. This enables improved 
understanding of the impact of design change on completion activities, as they are both integrated. It 
also assists with the identification of change affected items which assist with the reduction of rework if 
these items were missed later in the build lifecycle, which is a customer requirement as shown in Figure 
14. 

 

Figure 21 Completions management using the iBoM. 

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 shown in Figure 6. To solve this, source data in the design BoM 
is broken down to the level of detail that supports completion and the quality of the build relating to the 
design can be more effectively monitored. There is also integration 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.  

5.10 Summary 

This section described a case study for the creation of a PLM environment based on a set of functional 
requirements to meet business objectives on the Type 26 GCS and future programmes. The HOQ was 
created using the output from a workshop with stakeholders within BAE Systems Naval ships. The HOQ 
captured the objectives of the stakeholders as customer 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 as the iBoM strategy, and associated 
implementation plan. Details of the elements within the PLM strategy were described, including the 
relationship between the PLM environment and the business objectives and the functional requirements 
described in the HOQ. It also related the customer requirements, functional PLM requirements, the PLM 
environment and the challenges related to PLM on ETO products discussed in Section 2.4. Section 9 
discusses the relationship between the findings from the semi-structured interviews used to develop the 
PLM implementation framework with the implemented improvements to PLM illustrated in Figure 14. 
The results will be used to inform the updated BAE Systems Naval Ships PLM strategy. 
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 Description of data capture and analysis 
approaches 

This section describes the data capture and analysis approaches used as a basis to construct the 
framework for PLM implementation on ETO products. It describes why the data capture and analysis 
approaches were used and why others were not. These approaches will relate to the research 
methodology for PAR and case study as described in Section 4. 

6.1 Data capture through interviews  

Due to the extent of the influence of PLM within ETO as discussed within earlier sections, to develop a 
framework for PLM implementation on ETO products requires knowledge that comes from a wide range 
of sources. The literature review in Section 3 established that no detailed guidance or complete 
frameworks exists on PLM implementation for ETO products. There are a range of ETO programmes which 
have recently completed their design and build, and several of which are at various stages of their 
lifecycle, all of which will have utilised, or are currently applying, PLM to some extent. The knowledge to 
develop a PLM implementation framework exists within the experts in the field of PLM in these ETO 
products. These programmes include for example the UK Type 26 Global Combat Ship; and the CERN Large 
Hadron Collider, where the expert knowledge was elicited. The full list of programmes is listed in Section 
4.2. The ǊŜǎŜŀǊŎƘŜǊΩǎ methodological perspective has been identified as qualitative due to the ontological 
and epistemological stance directing interaction with experts in the field of PLM, as described in Section 
4.1.  

Merriam and Tisdell stated that: ΨIn most forms of qualitative research, some and occasionally all of the 
data are collected through interviewsΩΦ ¢ƘŜȅ added ǘƘŀǘ ΨThe most common form of interview is the 
person-to-person encounter, in which one person elicits information from anotherΩ [109]. DeMarrais 
ŘŜǎŎǊƛōŜŘ ŀ ǊŜǎŜŀǊŎƘ ƛƴǘŜǊǾƛŜǿ ŀǎ Ψa process in which a researcher and participant engage in a 
conversation focussed on questiƻƴǎ ǊŜƭŀǘŜŘ ǘƻ ŀ ǊŜǎŜŀǊŎƘ ǎǘǳŘȅΩ [133].  

Unstructured interviews were considered but not used as they may not have given a consistent set of 
results which could be analysed, and therefore would not provide a coherent and accurate set of findings 
required to form the basis for the PLM implementation framework. 

The primary data collecting approach for this research has been chosen as semi-structured interviews. 
Semi-structured interviews reduce the likelihood of observer bias due to the questions being the same 
for all interviewees. The interviewer has the flexibility to follow-up the answers which has the benefit of 
following a defined pattern but not being constrained by it. The questions were structured to allow for a 
comparable set of responses which could be subsequently analysed. This technique also had the flexibility 
to enable responses that were otherwise supporting or not obvious to flow to the surface, especially if an 
answer from one question related to another question [122]. 

Questionnaires were considered but rejected on the grounds that semi-structured interviews and 
secondary material would give the desired results. Focus groups were also considered and although they 
will be used to supplement the research for case study development and validation, it was considered 
that they would not provide the level of detail required in comparison to individual interviews [122]. 

The choice of investigative technique was to record each semi-structured interview and capture the key 
points in an interview response document [103]. This recording approach allowed the accurate capture 
of the data and enabled further analysis to be undertaken later as discussed within Section 6.5. 
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Using secondary material was chosen, as this allowed the results of the interviews to be analysed and 
discussed against available literature and the Type 26 case study to assist in answering the aims of the 
research in Section 9.   

6.2 The Interview schedule  

The interview schedule was based on the characteristics of ETO products relating to PLM implementation 
as discussed in Section 2, the results of the literature review in Section 3, and the Type 26 case study 
described in Section 5. Each question was developed to relate to PLM implementation in ETO products as 
described in Section 2. The questions were designed to capture findings for PLM objectives, challenges 
and enablers, ultimately to capture the framework for PLM implementation in ETO products. They were 
designed to have the flexibility to allow the interviewees to expand their responses. 

The interviews were conducted face-to-face where possible or via telephone conference where there 
were significant geographical restrictions. Face-to-face interviews were preferred due to the interviewer 
being able to follow-up 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 the initial responses. Table 
8 below describes the developing questioning schedule. 

 

Version Date Change Reason Impact 

V1 01/04/2016 First published questions for test 
interview. 

  

V2 24/05/2016 Introduction added. Feedback from the test interview was that 
an improved introduction was required to 
help contextualise the questions. A 
slidepack was then produced which gave 
an overview of the research, its purposes 
and how the interviews contributed to the 
research. 

None 

V3 25/07/2016 Q3 chaƴƎŜŘ ŦǊƻƳ ΨCan you 
ŘŜǎŎǊƛōŜ ȅƻǳǊ t[a ŀǊŎƘƛǘŜŎǘǳǊŜΚΩΣ 
ǘƻ ΨDescribe your current PLM 
environment from your 
ǇŜǊǎǇŜŎǘƛǾŜΩ. 

After six interviews this was changed due 
to the feedback being that this appeared to 
be a technical IT question which would be 
more difficult for many to answer. A more 
accurate output was to determine what 
the PLM environment was in terms of what 
was important to the interviewee. From six 
responses gained, the interviewees had 
answered it from their perspective. A 
person from an IT background would 
answer it from an IT perspective, whilst 
others from their own business 
perspective. 

None 

V4 18/08/2016 Cost/impact note removed from 
questions. 

Removed due to not adding value to the 
question responses. 

None 

Table 8 Developing nature of the interview questions. 

The final interview questions (Version 4), and their reasoning to capture meaning, are described as 
follows: 

Introduction ς A brief overview of research using appropriate diagrams. To provide context to the 
research (based on feedback from the test interview) including the characteristics of the problem of PLM 
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implementation in ETO products, the research aims, how their responses were planned to be used to 
generate the PLM implementation framework, and as a lead-in to question 1. The material used for the 
overview is shown in Appendix A. 

Q1 - Interviewer describes the key challenges identified in the research and asks interviewee of 
examples where he/she has encountered them, would you add or remove any? This question was used 
to assess the appropriateness of the challenges identified through the literature described in Sections 2 
and 3 and communicated to the interviewees in the introduction. It was also used to capture any 
additional challenges not considered in the literature. 

Q2 - What are the typical key business objectives which you require a PLM environment to support? 
This question was designed to stimulate the interviewee into considering why they need PLM. It was 
expected that these would be at a detailed level but would be an input into the thematic analysis 
described in Section 6.5 to allow themes to be generated at a high level. The responses to these questions 
were planned to be compared with the literature and to form the basis of the PLM objectives section of 
the framework. 

Q3 - Describe your current PLM environment from your perspective? This question was used to allow 
the interviewee to consider the PLM environment from their perspective. The question was designed to 
stimulate the interviewee into considering the environment within which they work regarding PLM, and 
was intended to provide a link between the objectives and the following questions. The question was 
used to enable 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. The responses were planned to be compared to the literature and used to support the findings 
and discussion Sections. 

Q4 - Describe the typical challenges you experienced with utilising PLM? Now that the foundation has 
been captured with regard to the context of the research, their own PLM objectives and the PLM 
environment with which they work, the key findings can be elicited. The first stage was to capture the 
intervieweeΩǎ beliefs in terms of their typical challenges with utilising PLM, based on their PLM 
environment. This was intended to set the basis for the following questions regarding what improvements 
could be enabled. 

Q5 - What improvements would you make to a PLM environment to ensure it meets your business 
objectives and why? After considering the challenges with utilising PLM, the interviewee would be asked 
this question to capture what improvements could be enabled to the PLM environment to meet their 
objectives.  

Q6 - Can you prioritise the improvements in terms of business impact? This question is only used if there 
are multiple responses to Question 5 to allow the interviewee to convey what improvements are more 
critical.  It could be ignored if there are only a small number of responses. 

Q7 - Can you prioritise the improvements in terms of effort required? This question is only used if there 
are multiple responses to Question 5 to allow the interviewee to convey what improvements are more 
critical.  It could be ignored if there are only a small number of responses. 

Q8 - How could you better enable the implementation of these improvements? In Question 5, the 
interviewee was asked to state what improvements should be made to PLM to meet their objectives. This 
question was designed to stimulate the interviewee into considering how these improvements could be 
enabled. 

Q9 - What typical challenges can you foresee with transitioning from an as-is to a PLM environment 
which incorporates your improvements (to-be)? Now that the improvement enablers have been 
captured, this question was designed to identify what potential challenges could be encountered with the 
enabling of these improvements. The results may follow on from Question 4, for instance, the interviewee 
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may have people challenges which may impact the enablement of improvements. It may also elicit new 
challenges which could be valuable to the research. 

Q10 - Can you prioritise the challenges in terms of business impact? This question was only used if there 
were multiple responses to Question 9 to allow the interviewee to convey what challenges were more 
critical.  It could be ignored if there are only a small number of responses. 

Q11 - Can you prioritise the challenges in terms of effort required? This question was only used if there 
were multiple responses to Question 9 to allow the interviewee to convey what challenges were 
considered to be more critical.  It could be ignored if there are only a small number of responses. 

Q12 - How could you overcome difficulties associated with these challenges? Related to Question 8, this 
was designed to stimulate the interviewee into considering how the challenges could be overcome. It was 
designed to supplement Question 8 in terms of improvement enablers and to elicit any which may arise 
in the implementation of the PLM improvements which had yet to be considered. 

Q13 - Would a framework assist with the transition from as-is to the to-be, if so how? The intention of 
this question was to assess whether a framework conveying the results of the research would assist in the 
implementation of PLM. It was also intended to capture the ways in which the framework would assist 
and any enhancements in its design and use. 

Q14 - What other ETO industries would benefit from a framework? This question was used to capture 
what other industries would benefit from a framework for ETO PLM implementation. It was intended that 
this question would assist in identifying further interviewee candidates, areas with which the research 
could be targeted to improve industrial performance, and also, for future research opportunities. 

6.3 Identification of the participants 

McCracken stated ǘƘŀǘ ΨƛƴǘŜǊǾƛŜǿǎ ŀǊŜ ǳǎŜŘ ǘƻ Řƛscover shared understandings of a particular group. The 
sample of interviewees should be fairly homogenous and share critical similarities related to the research 
questionΩ [134]. Reybold et al. stated that ΨǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ŀ ǎǘǳŘȅ ŀǊŜ ƴƻǘ ǎƻ ƳǳŎƘ ŦƻǳƴŘ ŀǎ ǘƘŜȅ ŀǊŜ 
constructed through researcher choice and interpretation. Researchers, then, should examine and reveal 
ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘŜƛǊ ǎŜƭŜŎǘƛƻƴ ǇǊƻŎŜǎǎ ƛƴ ƻǊŘŜǊ ǘƻ ǎŀǘƛǎŦȅ ǘƘŜƛǊ ǊŜŀŘŜǊǎΩΣ ŀƴŘ ǘƘŜƛǊ ƻǿƴΣ ǘǊǳǎǘ ƛƴ 
ǉǳŀƭƛǘŀǘƛǾŜ ǊŜǎŜŀǊŎƘ ƳŜǘƘƻŘǎΩΦ They also stated that ΨǘƘŜǊŜ Ƴǳǎǘ ōŜ ŀƴ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ǘƘŜ relationship 
between the researcher and those chosen to represent a realityΩ.  They argue that participant selection is 
one of the least critiqued methods in qualitative research and conduct a literature review of selection 
approaches. Of these, they stated that: Ψthere is general agreement among qualitative researchers that 
ǇǳǊǇƻǎŜŦǳƭ ǎŜƭŜŎǘƛƻƴ ƛǎ ǘƘŜ ōŜǎǘ ǎǘǊŀǘŜƎȅ ǘƻ ƻōǘŀƛƴ ΨƛƴŦƻǊƳŀǘƛƻƴ-ǊƛŎƘΩ ŎŀǎŜǎ ǘƘŀǘ Ŏŀƴ ƎƛǾŜ ƛƴ-depth insight 
ƛƴǘƻ ǘƘŜ ǎǳōƧŜŎǘ ƻŦ ǎǘǳŘȅΩ [135]. Maxwell stated that purposeful selection is when people are deliberately 
identified as they are uniquely able to provide information as they are experts in a field or have been 
observers in an event, and are therefore able to answer the interview questions [136].  

As described in Section 4.1 the philosophical position of the researcher directs the research outcome. The 
ontological perspective of relativism directs the researcher to identify experts in a field as there are many 
truths that are dependent on the actors in the environment. Therefore experts in the field of PLM in ETO 
products will be identified for the research. The ǊŜǎŜŀǊŎƘŜǊΩǎ epistemological perspective of subjectivism 
means that there are only subjective truths and it is through interaction with the experts that the meaning 
and the findings are co-created. The ǊŜǎŜŀǊŎƘŜǊΩǎ paradigm was identified as interprevatism which states 
that knowledge or meaning Ŏŀƴ ƻƴƭȅ ōŜ ƎŀƛƴŜŘ ǘƘǊƻǳƎƘ ŀŎǘƻǊΩǎ ǊŜŀƭ ǿƻǊƪ ǎǳōƧŜŎǘƛǾŜ ǾƛŜǿΦ ¢ƘŜǊŜŦƻǊŜ ǘƘŜ 
selection of relevant experts in the field of PLM in ETO products is a fundamental input into the research. 
This purposeful selection approach has been chosen to capture the information 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 could be 
approached for interview to subsequently generate the information required to develop the PLM 
implementation framework for ETO products. At least one expert from each of these ETO products was 
to be approached for the interview process. The next step was to ensure that each of the business 
functions were represented, including engineering, supply chain, programme management, in-service 
support, manufacturing planning, manufacturing and IM&T. The customer and suppliers were also 
approached for inclusion. Preliminary engagement was undertaken through email to engage potential 
experts. These experts where identified through the researchers own experience with PLM in ETO 
products and also so through wider stakeholder engagement where PLM experts were sought. 

Through this process 28 experts were identified and semi-structured interviews on PLM implementation 
were undertaken from these ETO products 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 
stakeholder in its successful use within their organisation. The interviewees were identified through the 
ǊŜǎŜŀǊŎƘŜǊΩǎ ŎƻƴǘŀŎǘǎ ǿƛǘƘƛƴ ǘƘŜ 9¢h ƛƴŘǳǎǘǊȅ ŀƴŘ ǘƘǊƻǳƎƘ ŎƻƴǘŀŎǘƛƴƎ ǎǳƛǘŀōƭŜ ŎŀƴŘƛŘŀǘŜǎ ōŀǎŜŘ ƻƴ 
research findings, such as from other industries suggested in Q14 of the interview questions. 

6.4 Ethical considerations 

The interviewees were identified and written to explaining the purpose of the research. This included that 
it was sponsored by BAE Systems and the research was being undertaken in conjunction with the 
University of Strathclyde. It was explained why they had been chosen, asking if they would be willing to 
take part in semi-structured interviews, detailing how many questions there would be, and approximately 
how long the interview would take. 

The research method was explained as well as the aim of the research being to create a framework for 
the implementation of PLM in ETO products. It was also explained that the intention was for the results 
to be published. This was repeated at the interview where they were also asked if they would be willing 
for the interview to be recorded in audio, and whether they would allow any further follow up on the key 
points captured in the notes. The role of the researcher was explained to the interviewees as a part-time 
PhD student who was also a PLM practitioner in ETO products. This was important to establish trust, 
openness and to reduce ethical problems. The interviewees were advised that the results of the research 
would be made available to them to help improve PLM implementation within their business. This initial 
communication was 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 perspectives have been discussed in Section 4.1 that established the importance of 
engaging with experts in the field of PLM. The 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 interviews must be analysed appropriately and the key 
points identified across the responses.   

The responses from the interviewees were captured in Microsoft Word against each of the interview 
questions and analysed to produce the findings and recommendations for the PLM implementation 
framework. The interviews were transcribed and are included Appendix B, and are directly referenced in 
the Section 7. 

Braun and Clarke stated ǘƘŀǘ ΨThematic Analysis provides a flexible and useful research tool, which can 
potentially provide a rich and detaileŘΣ ȅŜǘ ŎƻƳǇƭŜȄΣ ŀŎŎƻǳƴǘ ƻŦ ŘŀǘŀΩ [137]. This enables meaning from 
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the subjective views of the interview responses to be generated. The phases of the Thematic Analysis 
conducted within the research ŎƻǊǊŜǎǇƻƴŘ ǘƻ .Ǌŀǳƴ ŀƴŘ /ƭŀǊƪǎΩ ǇǊƻǇƻǎŀƭ ŀƴŘ are shown in Table 9. 

 

No Phase Description of the process 

1 Familiarising yourself with your 
data. 

Transcribing data (if necessary), reading and re-reading the data, 
noting down initial ideas. 

2 Generating initial codes. Coding interesting features of the data in a systematic fashion across 
the entire data set, collating data relevant to each code. 

3 Searching for themes. Collating codes into potential themes, gathering all data relevant to 
each potential theme. 

4 Reviewing themes. Checking if the themes work in relation to the coded extracts (Level 
1) and the entire data set (Level 2), generating a thematic 'map' of 
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 name 
for each theme. 

6 Producing the report. The final opportunity for analysis. Selection of vivid, compelling 
extract examples, final analysis of selected extracts, relating back of 
the analysis to the research question and literature, producing a 
scholarly report of the analysis. 

Table 9 Phases of Thematic Analysis [137]. 

Braun and Clarke go on to state that Thematic Analysis is a straightforward approach to undertaking 
qualitative analysis but there are potential hazards that may impact the quality of the research. It was 
important to ensure that the data was collected and analysed across the entire content of the research, 
in this case all of the interview responses, from all the interviewees. This was undertaken to ensure that 
themes are spread across the entire research findings. Another potential hazard was that the themes do 
not relate to the research goals themselves, therefore, care was taken to ensure that the key themes 
captured relate to the development of a PLM implementation framework. The identified themes should 
be supported by the data itself to ensure that they are not generated based on weak data such as from a 
single individualΩs view, therefore, there should be data to support each of the themes [137]. 

To overcome these potential hazards the NVivo software, was chosen to provide a platform to capture 
and analyse the interview responses. NVivo provided a means to demonstrate how the findings from the 
interview responses related to each of the themes. The Thematic Analysis approach used to capture the 
themes in NVivo is illustrated in Figure 22. The responses expressed through the interviews were captured 
and classified into various categories (codes and themes). These categories provided a structure through 
which further analysis could then take place [122]. The initial analysis carried out from the interviews was 
to capture commonality through a coding structure, which was then grouped into themes. These themes 
were used to generate the findings which allowed the analysis and conclusions to be drawn and related 
to the research aims.. This Thematic Analysis approach will not only show how the results were gathered 
but will mean that the key points from the interviews can also be captured and referred to in Section 7. 
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Figure 22 Approach to thematic analysis using NVivo 

Guest et al. stated: Ψdata analysis software is an important component in most qualitative research 
studiesΩ [138]. NVivo was been used as the software tool to analyse the data and provide the means to 
perform thematic analysis due to its capabilities to capture source data and allow recording and linking 
of key themes [139]. This enabled the provenance of the research findings to be demonstrated as shown 
in Appendix C which shows all of the codes and themes captured through the data analysis. Borrego et al. 
using research from Lincoln and Guba, Tashakkori and Teddlie, and Chism [140], [141], [142], stated 
several factors which can be used to determine the quality of research against the research aims. For 
qualitative research, these are: 

¶ Credibility: establishing that the results are credible or believable; 

¶ Transferability: applicability of research findings to other settings; 

¶ Dependability: researchers account for the ever-changing context within which the research 
occurs; and, 

¶ Reflexivity: researchers examine their own bias and make them known. 

Borrego et al. went on ǘƻ ǎǘŀǘŜ ǘƘŀǘ ΨǘƘŜ ǘŜǊƳ ǘǊǳǎǘŦǳƭƴŜǎǎ ƛǎ ƻŦǘŜƴ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ŀ 
ǎǘǳŘȅ ƳŜŜǘǎ ǘƘŜǎŜ ŎǊƛǘŜǊƛŀΩ [143]. They then described how trustfulness can be established through 
creating an audit trail which provides a clear link between the raw data and the findings [143]. The 
relationship between the raw data from the NVivo software output in Appendix C and the generated 
themes provides the basis for the trustfulness for this research.  

6.6 Summary 

This section described the data capture and analysis approaches used as a basis to construct the 
framework for PLM implementation on ETO products. The philosophical perspectives have been discussed 
in Section 4.1 which established the importance of engaging with experts in the field of PLM. The 
ontological perspective of relativism means that there are many truths dependant on the actors in an 
environment, and that through the epistemological perspective of subjectivism, the truths are only 
subjective and can only be established through interaction with these experts. This directed the use of 
semi-structured interviews to capture data to develop the PLM implementation framework on ETO 
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products. The interview questions, their development and reasoning was described including how they 
would be used to develop objectives, challenges and enablers for the framework.  

The interview participant selection was described including how purposeful selection was chosen to 
specifically identify experts or those who were appropriate observers in the field of PLM on ETO products. 
Ethical considerations were described including the 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 significant contribution to knowledge.  

The data analysis method was described including how the philosophical assumptions of using experts 
who have a subjective truth influenced the method selection. Therefore the analysis of the findings from 
the interviews must be carefully analysed and the key points identified across the responses. Thematic 
analysis was chosen using NVivo to generate codes and themes which relate the relevant interviewee 
responses to generate meaning. 

The next section describes the development of the framework for the implementation of PLM on ETO 
products. It will explain the structure of the framework including its relationship to the semi-structured 
interview questions and how it was influenced by Enterprise Architecture. It also describes how thematic 
analysis was used to generate the findings. These findings are then described in detail.  
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 Development of the framework 

This section describes the development of the framework for the implementation of PLM on ETO 
products.  ¢ƘŜ /ŀƳōǊƛŘƎŜ ŘƛŎǘƛƻƴŀǊȅ ŘŜǎŎǊƛōŜǎ ŀ ŦǊŀƳŜǿƻǊƪ ŀǎ Ψa system of rules, ideas, or beliefs that is 
used to plan or decide somethingΩ [15]. The framework will provide guidance to organisations on what is 
required to successfully implement PLM on ETO products. Sections 2 and 3 have shown 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 ETO NPD 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. 

As described in Section 6 the results of the semi-structured interviews were used as the primary approach 
for developing the framework. These interview results are supported by literature as a secondary means 
to contribute to the development. This 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 framework.. As 
described in Section 6.2 the interview questions were designed to identify the objectives, challenges and 
improvement enablers required for a successful PLM implementation. This approach supports the 
structuring of the framework into PLM objectives, challenges and enablers which assists in the 
presentation of the guidance to improve understanding and ease of use. Each question which relates to 
objectives, challenges and improvement enablers is shown in Table 10. 

 

Question 
No 

Question Relevant section in findings section where 
response is captured 

Q1 Interviewer describes the key challenges 
identified in the research and asks interviewee of 
examples where he/she has encountered them, 
would you add or remove any? 

Further validation of the research aims and gap 
in knowledge 

Q2 What are the typical key business objectives 
which you require a PLM environment to 
support? 

To identify PLM objectives 

Q3 Describe your current PLM environment from 
your perspective? 

where appropriate the response was used in 
objectives, challenges or enablers section 

Q4 Describe the typical challenges you experienced 
with utilising PLM? 

Challenges 

Q5 What improvements would you make to a PLM 
environment to ensure it meets your business 
objectives and why? 

Enablers 

Q6 Can you prioritise the improvements in terms of 
business impact? 

Enablers 

Q7 Can you prioritise the improvements in terms of 
effort required?  

Enablers 

Q8 How could you better enable the implementation 
of these improvements? 

Enablers 

Q9 What typical challenges can you foresee with 
transitioning from an as-is to a PLM environment 
which incorporates your improvements (to-be)? 

Challenges 

Q10 Can you prioritise the challenges in terms of 
business impact? 

Challenges 
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Question 
No 

Question Relevant section in findings section where 
response is captured 

Q11 Can you prioritise the challenges in terms of 
effort required? 

Challenges 

Q12 How could you overcome difficulties associated 
with these challenges? 

Enablers 

Q13 Would a framework assist with the transition 
from as-is to the to-be, if so how? 

Used to support the significant contribution to 
knowledge - The Framework 

Q14 What other ETO industries would benefits from a 
framework? 

Used to identify industries where an interview 
could be targeted 

Table 10 The relationship between the interview questions and the framework structure. 

The following sections will describe the development of the framework for the implementation of PLM 
on ETO products. It explains how the structure of the framework was influenced by Enterprise 
Architecture. It also describes how thematic analysis was used to generate the findings. These findings 
are described in detail with references to literature and the interview responses where appropriate. Each 
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 Engineer to Order (ETO) products is illustrated in Figure 23. 
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Figure 23 The final framework to support the implementation of Product Lifecycle Management (PLM) 
on Engineer to Order (ETO) products 

7.1 Enterprise Architecture 

The structure of the framework for the implementation of PLM on ETO products has been influenced by 
Enterprise Architecture (EA). EA is used to manage the creation of information to describe the business 
strategy, model, objectives, processes and technology in an organisation. This allows the organisation to 
improve its decision making, communication and monitoring of both business and IT investments [144]. 
EA allows a business to manage a major undertaking, such as remodelling a complicated design and 
manufacturing process, by splitting it up into smaller elements [145]. These smaller elements are 
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Objectives Challenges Enablers

ÅThrough life capture, integration and 
management of all evolving product 
information from all stakeholders.

ÅManagement of product configuration 
and emergent change.

ÅManage security, export and IPR 
obligations.

ÅManagement of evolving product 
maturity.

ÅUp-to-date, traceable, relevant and 
configured information that can be 
accessed.

ÅIdentifying, managing and presenting 
emergent complex information for 
management decision making.

ÅIntegrating complex product information 
through-life across multiple PLM 
technology toolsets.

ÅManagement  of product information 
maturity and its relationship to change, 
configuration, schedule and cost.

ÅDevelop policies to capture what 
information is required and how it will 
be used within an evolving complex 
product.

ÅPLM information integration, policy 
development, standardisation, learning 
from experience and adherence using 
suitable expertise within a dedicated 
cross functional team.

ÅDevelop data quality and governance 
policy and adherence approach.

ÅDevelop configuration and change 
management approach across ETO 
product classes and variants.

ÅSupport the design and build for product 
safety and environmental 
considerations.

ÅEnable quality through right first time 
and reduction in rework.

ÅEnable product development and build 
collaboration across all stakeholders.

ÅCost, profit, risk reduction and value for 
money.

ÅEnable standardised design and build.

ÅCreating processes which meet business 
objectives but are not overly 
complicated.

ÅPLM business process ownership, 
development, standardisation, learning 
from experience and adherence using 
suitable expertise within a dedicated 
functional team.

ÅGuidelines and governance over process 
complexity to ensure they are simple 
and useable.

ÅMandate utilisation of PLM processes 
internally, to partners and the supply 
chain.

ÅEnabling collaboration across multiple 
sites.

ÅDemonstrating to the customer that the 
product meets requirements.

ÅSupport organisational knowledge 
management and learning.

ÅEnable improved decision making.

ÅEducation, adoption and understanding 
value, and its relationship to quality.

ÅLack of PLM expertise to enable and 
support PLM.

ÅObligations and through-life implications 
of their actions or inactions.

ÅUnderstanding processes, toolsets and 
through-life product information 
integration.

ÅWorking collaboratively across all 
functional areas.

ÅProvide continuing evidence of benefits 
to senior management to enable 
support and maintain PLM sponsorship.

ÅDevelop and implement a 
comprehensive business change 
initiative on PLM.

ÅDevelop and implement a cross 
functional PLM education programme 
embedded within the core business 
training programmes emphasising core 
values and objectives.

ÅDevelop PLM objectives, education 
approach and support to the business 
using suitable expertise within a 
dedicated cross functional team.

ÅTechnology robustness and longevity to 
support long-life product design and 
build.

ÅToolset complexity and simplicity 
balance to meet business objective.

ÅCreating a system to systems through 
toolset integration and rationalisation.

ÅIdentify and implement configurable 
PLM toolsets with minimal 
customisation.

ÅDrive integration and information 
through toolset rationalisation.

ÅFocus on toolset development on 
business objectives, priorities and ease 
of use to reduce complexity of 
technology and processes.

ÅImplement IT architecture 
improvements to support new PLM 
capability and ensure toolset 
performance.
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documented and their relationships captured, which enables an improved view and understanding of the 
relevant aspects of the business, thus supporting an improved decision making environment [146]. There 
is a strong emphasis within EA on understanding the Ψas-isΩ problematic aspect of the business. This effort 
can be used to plan the Ωto-beΩ target environment, therefore moving from a strategic to normal day-to-
day business [146]. It also supports the communication of the as-is problematic aspect and the strategic 
environments to the key stakeholders [147]. This approach to transforming from an as-is, to a to-be 
environment supports the DMEDI research design by assisting with developing a detailed design, which 
ultimately supports the research aims which is to provide a framework for the implementation of PLM on 
ETO products.   

The Information Management & Technology (IM&T) function of an ETO organisation has the task of 
relating the business objectives to technology solutions and making them understood by the 
stakeholders. The IM&T function have the responsibility of developing and maintaining the PLM system 
of systems and planning the evolution to support the business strategies. EA can be used to support this 
decision making process [148]. One of the key challenges with EA is the connection between the business 
requirements and the technology: the lack of a clear connection means that the full value of EA is not 
apparent to all of the stakeholders [144]. Unless resolved, this disconnect will impair the organisationΩs 
ability to use EA as a means to make strategic decisions across the whole enterprise. The lack of a coherent 
technology strategy which aligns with the organisational objectives can contribute to billions of additional 
costs and delays of years for major products [1]. Research has been undertaken to provide guidance on 
integrating business and technology architectures and also to validate the importance of aligning business 
strategy with technology investment [10] [12], but significantly, not in the context of implementing PLM 
on ETO Products.  

The business architecture provides a focus on people and process, in order to meet the needs of the 
product or management of the product delivery, and encourages relevant requirements creation to 
support the move to an improved position. The technology architecture attempts to link the technology 
necessary to enable the requirements identified through the business architecture. In order to realise the 
business value required by the technology, the investment must ensure alignment between the 
organisational context and the technology itself  [10]. Therefore the technology must support the 
strategic business requirements. EA supports the modelling of the as-is position and the to-be strategic 
target. The methodologies used, such as The Open Group Architectural Framework (TOGAF), supports the 
analysis of the gap to assist in determining the impact of the change and to help with the implementation 
[144]. 

This approach helps to support senior decision makers in being able to understand and assess whether 
the to-be position aligns with the organisationΩs strategy [146]. The transition from strategy to daily 
operations is supported through policies and meta-models which describe the main components of the 
architecture and how they interact, and is a critical communication mechanism [146]. TOGAF helps the 
IM&T team justify their architecture to the key decision makers through this improved communication  
[147]. As there are few technology changes which do not affect business process, they should be viewed 
as a business change [149]. This is due to IM&T being highly integrated into the organisation and, also, 
that the movement towards the to-be strategic environment is likely to be challenging involving both 
technical and social aspects [150]. Boddy et al. described three main parties which affect technology 
implementation as the general management, users and the IM&T management and staff [151].These 
ǇŀǊǘƛŜǎΩ ǇŜǊŎŜƛǾŜŘ ŦŀƛƭƛƴƎǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘŜŎƘƴƻƭƻƎȅ ƛƳplementation are described in Table 11. 
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General Management Failings UsersΩ Failings IM&T Management and Staff 
Failings 

No clear business plan available No clear expression of 
needs and expectations 
of information 
management 
technology 

Inability to match information 
management technology to 
business needs 

Inability to spot strategic uses of 
information management 
technology 

Focus only on 
operational support; no 
strategic vision 

Preoccupation with the 
technicalities of information 
management technology 

Failure to communicate 
requirements to systems staff 

Lack of appreciation of 
technical complexities 

Lack of understanding of business 
environment 

Lack of appreciation of technical 
complexities 

No contribution to 
planning and policy of 
information 
management 
technology 

Failure to market business 
successes of information 
management technology Insistence on cost justifying all 

investments 

Table 11 tŜǊŎŜƛǾŜŘ ŦŀƛƭƛƴƎǎ ŦǊƻƳ ƻǘƘŜǊ ǇŀǊǘƛŜǎΩ ǇŜǊǎǇŜŎǘƛǾŜǎ ς adapted from [151]. 

EA can assist with overcoming these failings by providing a structure and clear communication route to 
capture and align the business need with the technology implementation. This approach will support the 
research aim for the development of a PLM implementation framework on ETO products, as they are 
highly complex with the gap between the business and technology architectures difficult to capture, align 
and communicate.  

Svata stated there are many reasons for the gap between business objectives and the enabling technology 
[152]. This includes the challenge of aligning the enterprise goals with the technology implemented to 
realise the business objectives which may be due to the significant differences in perspective between 
business and technology owners. Svata provided an example of software engineering practices used by 
technology providers who use languages and modelling techniques that are not easily understood by the 
wider business community. Von Rosing stated there are missing links between the business model 
(strategic) and process landscape (operational) that are necessary for a successful Enterprise Architecture 
initiative [97]. Von Rosing continued by stating that this missing link causes a significant problem for the 
technology architecture which is required to provide an environment that satisfies both the strategic and 
operational needs of the business. Attempts have been made to manage this divide, including business 
process management [153] which focusses in optimising and organising processes in order to reduce 
costs, reduce time and to add value, especially in complex systems [97]. However, these need to be 
aligned with strategic objectives, information and technology. 

Pereira and Sousa stated that Business, Information, Application and Technology are well understood 
components in most Enterprise Architecture Frameworks [154]. Figure 24 illustrates an integrated 
Enterprise Architecture where the business architecture is aligned with the information, software 
applications and technology architectures. This ensures that the business is able to deliver the product 
aligned to the objectives and processes and is fully supported by the technology. 
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Figure 24 An Integrated Enterprise Architecture. 

To leverage the EA approach, the PLM framework has been categorised into four dimensions these are: 

¶ Information; 

¶ Process; 

¶ People; and, 

¶ Technology. 

The responses to the questions shown within Table 10across objectives, challenges and enablers were 
categorised using these four groups which not only helped to structure the PLM framework but also 
enabled the organisation to break the PLM implementation problem into small chunks and target areas 
for improvement relating to information, process, people or technology. This approach aimed to assist in 
supporting an organisation with prioritising and organising its implementation in specific business areas. 
For example an organisation may already have a well-established and effective PLM information 
approach, but requires specific focus on the people aspects. 

7.2 The development of the structure of the framework 

For each interview, the key points from the response to the questions were transcribed into Microsoft 
Word and imported into NVivo. These key points reflected a summary of the response to the interview 
question. This approach was designed to aid with future analysis by enabling efficient thematic analysis 
as discussed in Section 6.5, including codification and theme generation.  A nodal hierarchy for the 
interview questions was then created in NVivo. The responses to each question for each interview was 
then analysed in NVivo. Each interview response to a specific question was given a code in NVivo which 
summarised the key point the interviewee was making. These codes were created the first time this key 
point was made for that question. Further similar key points made by the same or another interviewee 
had the existing code applied, for the same question. Using the same code for each question allowed the 
context for the code to be clear within the NVivo nodal hierarchy when further analysis took place. For 
example a code which applied to a question on objectives would not be misrepresented as a response 
relating to challenges. Similar codes could be applied but they would always be within the context of the 
question. 
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Once all the interview responses for all the questions had been analysed and coded, related codes were 
grouped together and a theme generated. A theme is a Ψparticular subject or issue that is discussed often 
or repeatedlyΩ [155]. Each theme provided a summary of the topics being discussed which were 
represented by the codes. The themes and codes for each question were then categorised as relating to 
information, process, people or technology. An example of a theme generated by the codes in NVivo 
categorised as relating to people is shown in Table 12, this table shows a set of codes that have been 
applied to the content of interviews in NVivo.  

 

Theme - Education, adoption and understanding value of PLM, and its relationship to quality 

Codes 
No of Interview 
sources 

No of 
References 

People - new ways of working 2 2 

People - ownership 1 1 

People - stakeholder engagement 1 1 

People - understanding why its required 5 5 

²ƘŀǘΩǎ ƛƴ ƛǘ ŦƻǊ ƳŜΗ - What are the benefits to 
engineers entering and maintaining  the PLM data 

1 1 

Table 12 Example of a theme and supporting codes generated from Q4 - Describe the typical challenges 
you experienced with utilising PLM? 

¢ƘŜ ƴǳƳōŜǊ ƻŦ ǘƛƳŜǎ ŀ ŎƻŘŜ Ƙŀǎ ōŜŜƴ ŀǇǇƭƛŜŘ ŀŎǊƻǎǎ ƻƴŜ ƻǊ ƳƻǊŜ ƛƴǘŜǊǾƛŜǿ ƛǎ ǎƘƻǿƴ ƛƴ ǘƘŜ Ψbƻ ƻŦ 
wŜŦŜǊŜƴŎŜǎΩ ŎƻƭǳƳƴΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ƛƴǘŜǊǾƛŜǿǎ ǿƘŜǊŜ ǘƘŜ ŎƻŘŜ ǿŀǎ ŀǇǇƭƛŜŘ ƛǎ ǎƘƻǿƴ ƛƴ ǘƘŜ Ψbƻ ƻŦ 
inǘŜǊǾƛŜǿ ǎƻǳǊŎŜǎΩ ŎƻƭǳƳƴΦ ¢Ƙƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ǿŀǎ ǳǎŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ǿƘŜǘƘŜǊ ŀ Ǉƻƛƴǘ ǿŀǎ ōŜƛƴƎ ƳŀŘŜ ōȅ 
individual or multiple interviewees, therefore enabling the detection of key findings which have been 
ǘǊƛŀƴƎǳƭŀǘŜŘ ŀŎǊƻǎǎ ƳǳƭǘƛǇƭŜ ǎƻǳǊŎŜǎΦ ¢ƘŜ ΨŎƻŘŜΩ ŎƻƭǳƳƴ ǎhows the names of the codes applied. These 
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 
analysed, the 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 
ǎǳƳƳŀǊƛǎŜǎ ŀƴƻǘƘŜǊ ŎƻŘŜΦ CƻǊ ŜȄŀƳǇƭŜ ǘƘŜ ǘƘŜƳŜ ΨEducation, adoption and understanding value of PLM, 
and its relationship to qualityΩ ƛƴ Table 10 was 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 under the people 
category, as they were related to personnel challenges in PLM implementation. The approach to 
generating the themes is illustrated in Figure 25 Structure created in NVivo to derive the research findings. 
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Figure 25 Structure created in NVivo to derive the research findings. 

The interview questions were represented in the NVivo nodal structure and the key points from the 
interviews were transcribed and imported into the tool as shown in Appendix 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 themes as shown 
in Figure 22 in Section 6.5. The themes and codes associated in NVivo with the question with which the 
response was captured, enabling a direct relationship between theme, code and key point from the 
transcribed interview. These themes were subsequently structured using the categories of information, 
people, process or technology. This process of mapping between NVivo coding, grouping and nodal 
structure allowed the derived themes in this section to have a direct relationship to the interview 
responses and to each key point in order to cross-reference to the transcript in Appendix A. This 
demonstrates a systematic approach to the capturing of the findings and traceability of each of the 
sections back to the interview responses. 

The complete output of the NVivo nodal structure developed in the interview analysis is shown in 
Appendix C. The framework is therefore structured by information, process, people and technology with 
section headings of Objectives (Section 7.4), Challenges (Section 7.5), and Enablers (Section 7.6) which 
are directly derived from the interview questions in Section 6.2. 

7.3 Confirmation of key challenges with PLM implementation on 
ETO products 

This section describes the responses to Question 1, which was designed to further support the challenges 
with PLM implementation on ETO products discussed in Section 2.4. Following the feedback from the pilot 
interview, a set of PowerPoint slides (Appendix A) was created which was used to provide the interviewee 
with a lead-in to the follow on questions and to provide context of the research including: 

¶ An overview of PLM; 

¶ An overview of ETO products; 

¶ The research aim; 

¶ The characteristics of the problem of PLM implementation in ETO products as discussed in Section 
2.4.2; and, 
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¶ How their responses will be used to generate the significant contribution to knowledge. 

Question 1 was as follows: 

ΨInterviewer describes the key challenges identified in the research and asks 
interviewee of examples where he/she has encountered them, would you add or 
remove any?Ω 

The interviewees provided confirmation of the key challenges described in Section 2.4 which were 
captured in the interview responses in Appendix B. The following statements provide a summary of the 
responses: 

1. ΨI recognise a lot of these challenges particular in maritimeΩ, B.23. 
2. ΨYou captured it well, youΩǾŜ Ǉǳǘ ƛǘ ƛƴ ŀ ŎƻƘŜǎƛǾŜ manner; from my background and experience it 

is relevant and expected, I would note because of your background or research you touched on 
key points which would have occurred to me naturallyΩ, B.26. 

3. ΨLǘΩǎ ŀƴ ƛƴǘŜǊŜǎǘƛƴƎ ǿŀȅ ǘƻ look at it, the set of challenges that you articulated definitely apply to 
large bespoke projects - a lot of these issues apply in part to less complex projects - certainly the 
scale of the projects differentiates them from other system engineering projectsΩ, B.8. 

4. ΨIn summary they are really good ones in terms of ETO and tƘŜ ŘƛŦŦŜǊŜƴǘ ǇǊƻŘǳŎǘǎ ƻǳǘ ǘƘŜǊŜΩ, B.13. 
5. Ψ!ƭƭ ǊŜƭŜǾŀƴǘΣ ǎƻƳŜ ǘŀƪŜn as read - product complexity absolutely true, no brainier. Customer high 
ǊƛǎƪΣ ŀƎǊŜŜŘΩ, B.2. 

6. ΨL ǿƻǳƭŘ ŀƎǊŜŜ ǿƛǘƘ ǘƘŜƳΣ ǿŜΩǾŜ ŜƴŎƻǳƴǘŜǊŜŘ ŀƭƭ ƻŦ ǘƘŜƳ. Biggest being the level of customisation 
ŦǊƻƳ ǇǊƻƎǊŀƳƳŜ ǘƻ ǇǊƻƎǊŀƳƳŜΩ, B.27. 

7. ΨAll sounds very familiar Ψ, B.20. 
8. ΨWouldn't remove anyΩ, B.25. 
9. ΨAll relevant. An example is no prototype, key challenge as a business, something we have 

struggled with over my careerΩ, B.14. 
10. Everyone I recogniseΩ, B.7. 
11. ΨChallenges are valid and have been encountered on many projects I have workedΩ, 0. 
12. ΨThe challenges are accurateΩ, B.16. 
13. ΨCompletely, particularly in our area, we design and continually develop while the manufacturing 

is ongoing, equipment would be six 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/manufacturedΩ, B.18. 

14. ΨYes I definitely agree with what you've said. What's comes to mind, as well as the project being 
long term and expensive, there are few organised businesses who can do this workΩ, B.19. 

The above responses provided confirmation of the key challenges with PLM implementation on ETO 
products. The responses to Question 1 provided confirmation that the challenges identified through the 
literature review were relevant to the industrial experience of the interviewees. These 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 context to the 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 described in Section 7.  

7.4 Objectives of PLM implementation within ETO 

This section describes the literature and synthesises the interview responses in relation to the objectives 
of a PLM implementation to meet the organisational requirements. Literature is used to identify the 
objectives of PLM and to provide support or opposition to the interview responses. It will also support 
PLM objectives which may be taken for granted by the interviewees and not raised widely in the 
responses. The section describes in detail the objectives of PLM with the interview responses synthesising 
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what aspects are important to the interviewees. This is not to state that those described in literature, but 
not highlighted in the interviews, are not important, but that they were accepted by the interviewees in 
a mature PLM environment. As shown in Table 10 in Section 7, interview Question 2 was used to 
contribute to defining the key business objectives. Question 3 was used to identify additional business 
uses of the PLM environment which were not necessarily key objectives of the individual being 
interviewed.  

The following subsections were structured around the objectives of the PLM implementation framework 
with respect to information, process and people. The analysis of the interview responses did not 
synthesise technology as being an objective for the interviewees. Technology was identified as a challenge 
for PLM implementation on ETO products and as an enabler to overcome these challenges to meet 
organisational objectives. Therefore technology was not defined as an objective, but regarded instead as 
being the means by which to meet the information, process and people PLM implementation objectives 
of an organisation. 

7.4.1 Information objectives 

The management of information is a requirement of PLM in any NPD environment and this is reflected in 
literature which supports the information objectives in this section. The information objectives in ETO 
products differ at a detailed level as they must manage large volumes of information with various levels 
of importance which are not stable throughout the ǇǊƻŘǳŎǘΩǎ life phases. This section describes those 
information objectives for the implementation of PLM on ETO products which have been identified from 
literature and synthesised from the interview responses through thematic analysis. The results of this 
analysis are consolidated within subsections which describe the information objectives. 

These include the through life capture, integration and management of all evolving product information 
from all stakeholders throughout the lifecycle of the NPD process. Ensuring that a single point of truth is 
used to capture evolving product information once, and used many times to reduce duplication and 
increase quality, was identified as an objective. The management of product configuration and emergent 
change was identified as an objective in multiple interview responses due to the impact this has on the 
NPD process on schedule, cost, risk and quality. The management of security, export and intellectual 
property was identified as necessary to ensure that the organisation responsibilities relating to legislation 
and commercial responsibilities are adhered to. 

The management of evolving product maturity was a requirement on ETO products due to the long NPD 
lifecycle and the gradual development of the information to support the stakeholders. Ensuring that   the 
information is up-to date, traceable, relevant, configured and can be accessed was establishes as an 
objective as this ensures that the information quality is maintained and that those who consume can 
easily interrogate and consume it. The information objectives in the framework are illustrated in Figure 
26. 
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   Figure 26 Information objectives 

7.4.1.1 Through life capture, integration and management of all evolving product 
information from all stakeholders  

Throughout its entire lifecycle, the evolving ETO product information from all the stakeholders must be 
captured in a structured way to ensure it can be understood, it adequately describes the product, the 
programme status including quality and any risks. 

The literature described in Section 2 has established the importance of information management through 
PLM including Brunsmann and Wilkes who stated that the main goal of PLM was to provide an information 
backbone to the business [29]. This has been reflected in the interview responses including B.2 who stated 
the importance of BoM management as a key business requirement for PLM. B.25 discussed his role as 
understanding the performance of programmes from a design perspective, and that while he was in 
project management there was a huge focus on risk with BoM management and BoM Maturity. B.22 
highlighted the importance of process to manage data including configuration, change and BoM 
integration and its flow into the production environment. A key objective of B.24 was not to track data 
but to understand the meaning of the information with regard to quality, risk and overall performance 
measures for the programme. Due to the large volumes of ETO information, it is important to understand 
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 required to be 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 through-life was identified by 0 as an objective with PLM enabling this 
through product structures and associated metadata. B.7 made a similar point when it was stated that it 
is important to understand how to structure the data by breaking it down into manageable chunks to 
support the build. This leads to the creation of the engineering BoM. The important information on ETO 
products consists of those internally generated within the programme and that provided externally such 
as from suppliers. This includes, but is not limited to, the BoM, documents, drawings, 3D model, which 
describes the product maturity and the configuration status of the product, and change management 
information. 

B.18 stated the importance of PLM providing a means to integrate the information to product artefacts 
ǎǳŎƘ ŀǎ ǎŎƘŜƳŀǘƛŎǎ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ŘŜǎƛƎƴ ΨƘŀƴƎǎ ǘƻƎŜǘƘŜǊΩΦ t[a Ŝƴŀōƭes the business to react to 
emergent challenges due to information provided by the supplier which helps the development of the 
ǇǊƻŘǳŎǘΣ ΨǘƘŜ ƭŀƴƎǳŀƎŜ ƻŦ ŜƴƎƛƴŜŜǊƛƴƎ Ƙŀǎ ǘƻ ōŜ ŘŀǘŀΩΦ B.23, B.22 and B.27 all highlighted the importance 
of PLM throughout the lifecycle, ensuring that it promotes integration of information through to in-service 
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support and disposal. Therefore the information 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 information changes from suppliers which impact the design. 

B.5 specifically raised the importance of how controlling data through the design and build phase enables 
the leveraging of this investment when in-service. B.10 stated the importance of being able to retrieve 
information on components once they have been installed in order to establish when it requires 
maintenance and also to replace the item with another with the same form, fit and function. The 
environmental information is also critical with B.10 having to consider the radiation that these 
components have been exposed to when planning maintenance. This establishes the importance of 
planning and managing the information through-life so that each life phase can be supported. As ETO 
products have a long-lifecycle 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 and in-service support.   

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 the NPD lifecycle must be captured and managed in a single 
point of truth to ensure that it is not duplicated in unintegrated multiple environments where there is a 
risk of misalignment and resultant quality issues. 

A key objective, as described by B.3, is to capture, organise and share information to enable immediate 
response to business needs. B.7 stated that there is a need to collect data across the productsΩ lifecycle 
such as concept, build and commissioning as well as to review information captured throughout the 
productsΩ lifecycle which was supported by B.14. B.1 stated an objective is to source everything from their 
PLM environment through writing the data once, using many times, and having a single point of truth. 
The importance and challenges of information reuse is also described in literature including by Brunsmann 
and Wilkes, Baxter, Ball et al., and Sivaloganathan and Shahin [29], [34], [49], [51]. 

B.2 spoke of the importance of being able to trust the information and of it being from a single source. 
B.4 described the problems that their business faced with various in-house developed data systems and 
how they are currently moving towards a single integrated approach. B.25 spoke of his experiences with 
BoM misalignment across different PLM systems which were using the same information. He gave an 
example of where the procured BoM did not align with the design BoM. Each BoM through the evolving 
lifecycle of an ETO product is 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 manufacturing. 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 build. B.7 stated that it has been recognised that there have been 
data quality issues across the systems used, but this is now being addressed with activities underway to 
improve alignment across the toolsets, including CAD, PDM and ERP. This integration of information, 
process and technology was identified as a requirement in the Type 26 case study as discussed in Section 
5.4. 

Gonzalez and Alonso discussed the importance of PLM systems integration with CAD and PDM in Naval 
Ship and Submarine NPD and how it improves quality and reduces costs [54]. Therefore where there is a 
requirement to share information through multiple PLM systems, these 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 its long lifecycle and complexity the configuration of ETO products must be managed and baselines 
captured at appropriate points to provide assurance of completeness and correctness of the design. Lyon 
described Configuration Management as: Ψa management discipline usŜŘ ǘƻ ŎŀǇǘǳǊŜ ŀƴŘ ŎƻƴǘǊƻƭ ŘŀǘŀΩ, 
and went on to say that it is required for managing information in an extended enterprise but is 
challenging for people, process and technology [8]. CIMData described the importance of configuration 
management in ETO products as there is a high volume of change which affects large-scale, complex, 
products, resulting in a critical need to capture, understand, communicate and action change concurrently 
with the design, manufacture and support phases [5].  

The capturing of the configuration baselines are aligned with the lifecycle phases of the ETO product such 
as when a design area has evolved to a level of maturity to enable it to progress. An example is when a 
design area progresses from the assessment to the demonstration phase as illustrated in Figure 8. The 
baseline will be captured showing the status of the design that was used as the basis for the stakeholders 
to make the decision to progress.   

B.8 stated that a key objective was being able to control and understand the various engineering baselines 
and be able to refer consistently back to them. This configuration of the design as it evolves was also 
stated as a key objective of PLM by B.14, who also highlighted the importance of configuration 
management in the PLM environment due to the time it takes for the design to evolve through the 
lifecycle. B.11 described how the management of multiple configured baseline versions should be from 
cradle to grave. An example of this statement is to ensure that baselines are captured at each important 
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 lifecycle phases, improving quality of 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 
appropriate maturity level to enable the next phase to use this information to further evolve the product, 
without uncontrolled updates by other stakeholders. For example the system design of an area of a naval 
ship cannot be updated without a formal change once it has progressed through the assessment phase. 

 B.8 described how configuration management supports coherence, completeness and correctness of the 
data with a key objective being an efficient design with the minimal number of iterations after the design 
is constrained into change management. The assurance of completeness was also stated as an objective 
by B.16. B.27 described that their PLM environment ensures the configuration management of their 
product is managed effectively. Effective configuration and change management ensures the customer 
has a design which has been agreed upon and any differences to the agreed baseline are subsequently 
managed through a robust process. This 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 same design area across many years. 

B.24 stated that tracing information and the implications in terms of measuring maturity, quality, risks 
and performance, is a key objective of PLM and B.4 stated that effective configuration and change 
ƳŀƴŀƎŜƳŜƴǘ ŜƴǎǳǊŜǎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŘŜƭƛǾŜǊŜŘ ƳŜŜǘǎ ǘƘŜ ŎǳǎǘƻƳŜǊǎΩ requirements, such as delivering a 
BoM which they can use to plan maintenance. B.11 noted the importance of configuration management 
in the context of variant and applicability management. Commonality is required to be managed across 
variations of products such as with a gas turbine room which could be the same for three variants of a 
product, however the weapon systems could be different. The Global Combat Ship (GCS) is a good 
example of this: they 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 to be managed. 
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Therefore, the PLM implementation must be able to manage differences across variants based on 
customer driven changes or obsolescence. As discussed in Section 3.5, change management is extremely 
challenging within ETO products due to the iterative nature of the new product development process and 
the emergent design changes this presents. Section 3.5 describes the long lifecycle of the development of 
the product and how the impact of change increases as the design matures; often these changes can be 
of a high volume which was raised by B.1. This was supported by the interviews, with B.23 emphasising 
the importance of managing engineering change, regardless of the size, and the consequent cost impact. 
Without the effective management of change the cost to the programme will be greater than that of the 
change management process. This point was supported by B.25, describing his experience with significant 
cost implications due to change, once production had started. 

These cost overruns can be related to the level of change late in the lifecycle which result in rework in the 
manufacturing phase, for example, when there is a late or poorly managed change. Once the design is 
authorised that it is mature enough for manufacturing to begin, the design is configured into a baseline 
and locked into change control. After this point, the cost implications of any rework can be considerable, 
as shown in Figure 6, in Section 2.4.2. The reduction in rework is a business objective of PLM in ETO 
products. 

B.2 and B.23 both highlighted the importance of a configuration management approach to manage the 
product with project management principles to manage the change process. This ensures that control 
mechanisms can be utilised 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 emergent change is managed 
throughout the lifecycle. 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 appropriately classified with regard to its 
security, intellectual property rights and export with the access constrained to those with the appropriate 
rights. These PLM requirements are discussed in literature in Section 2.1 such as with Tauchen who stated 
that managing export information is a critical business objective with PLM being a key enabler for meeting 
these requirements [24]. Others such as Jarrett and Taylor discussed the regulations of those who operate 
in the defence sector that face heavy fines for breaches [23]. These regulations include security and export 
controls. {ǘƧŜǇŀƴŘƛŏ et al. discussed the importance of managing IPR and the implication of it falling into 
the wrong hands [26]. ETO products have multiple organisations that operate across the extended 
enterprise. These organisations may be partners in the extended enterprise but competitors outside [2]. 
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 requirements resulting in careful 
consideration required when sharing information. Each country will also have their own IPR as will the 
ǎǳǇǇƭƛŜǊΩǎ ƛƴǾƻƭǾŜŘ ƛƴ ǇǊƻǾƛŘƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜƛǊ ǇǊƻŘǳŎǘǎ ŦƻǊ ƛƴǘŜƎǊŀǘƛƻƴ ƛƴǘƻ ǘƘŜ ǎȅǎǘŜƳǎ ƻŦ ǎȅǎǘŜƳǎΦ 
Some of these products will also have export regulations, such as ITAR, which are required to be managed 
to ensure only those with approval can view the information. 

B.23 highlighted PLM will help to manage the challenges associated with ITAR. B.20 described the 
importance of security and resilience. There were limited interview responses relating to security export 
and IPR due to the interviewees discussing the specific objectives they required their PLM environment 
to support. Security, export and IPR are standard objectives which are required across an ETO product 
such as naval shipbuilding. These obligations are a critical requirement of PLM especially in the defence 
industry where the existence of the business is dependent on being able to manage security and export 
regulations. An example is with B.1 who raised IPR as a PLM challenge but did not raise it as a PLM 
objective. 
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7.4.1.5 Management of evolving product maturity  

Measuring the maturity of the evolving design is critical in ETO products. Maturity is managed to support 
decision making and to fully understand the status of the programme. This is due to the design evolving 
throughout the long lifecycle of the product based on the phased delivery of information from suppliers 
which is used to progress the design. Hicks and McGovern described maturity management as an 
objective of PLM in ETO products [9] and Lee et al. stated that PLM must be able to cope with the 
management of the evolving maturity of the product, especially as there is no physical prototype [38]. 

During design reviews, as stated by B.2, they use maturity levels of the information to understand risk; 
therefore, they can determine whether a level of maturity is sufficient to allow the design to pass the 
review, or whether it is deemed too immature to proceed. 

The design maturity information is used by the programme to define the schedule, to measure its 
performance against the plan, to use as criteria for progress to the next phase of the programme, and to 
understand and mitigate risk. The maturity levels for the product are aligned to the programme schedule, 
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, and the programme risks due to immaturity can be identified and targeted for resolution. An 
example is the maturity of the propulsion system which must reach a level of maturity to allow other 
design systems to mature, such as HVAC requiring the mature wild heat data from the gas turbine. The 
maturity of the gas turbine managed in the PLM system enables the programme to reach a decision at 
the design review as to whether the programme schedule is at risk. The management of maturity to 
support the evolving product development and to manage the cost and schedule was also identified in 
the Type 26 case study as discussed in Section 5.1. 

B.5 supported this link to maturity and programme schedule by stating that they use the PLM 
environment to understand the status of the developing maturity of the product, including all the 
information required for the next phase of the contract, including design artefacts, supply chain and the 
cost information. Managing maturity in the PLM environment was further supported by B.16 who stated 
the importance of establishing a maturity level to define a standard of completeness for entering the build 
phase. B.20 stated that they take a hard line on maturity before manufacturing; therefore the maturity 
status of the product must be fully understood by their programme management. 

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 phase of the programme. An example is between the 
system (assessment) and detail design (demonstration) 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 programme such as entering the manufacturing phase. 

The importance of maturity management was also highlighted by B.1 who described how maturity is 
raised in every programme discussion by senior management and B.24 stated that a key objective was 
the tracking of 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 and manage product information and its 
provenance using a methodology which ensures it is configured, easy to access and understandable by all 
stakeholders in all geographical locations. 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 dump [32]. Tang and Qian highlighted the importance of version and audit 
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management of the product information [33]. Brunsmann raised the importance of being able to retrieve 
and understand the information easily. The interview responses support these requirements including B.2 
who stated the importance of other business functions being able to access information provided by the 
owner. The example provided was manufacturing planning which uses the master information provided 
by engineering to plan activities. PLM must ensure that multiple stakeholders across the lifecycle have 
access to mastered, not duplicated, information and that it can be utilised at the point of need. This also 
relates to the configuration and change management objective discussed previously, where any changes 
to the information must be communicated to those who are utilising it for downstream activities, such as 
engineering changes which affect planned manufacturing activities. The captured history of the 
information in the PLM environment enables those who utilise this information to understand at what 
point it was changed and why, therefore supporting the impact of any changes, or design evolution, 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 Sections 5.2 and 5.3. 

The stakeholders require efficient and easy access to information across the entire lifecycle and extended 
enterprise. These stakeholders within a naval shipbuilding context include the customer, engineering, 
supply chain, manufacturing planning, manufacturing, programme management, finance, safety, testing 
and commissioning, and in-service support. B.17 described the need for helping to enable geographically 
dispersed teams to 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 zones. B.3 stated that 
capturing, organising 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 
promulgated throughout the extended enterprise and its impact assessed and understood by all relevant 
stakeholders across the entire lifecycle. This is critical in ETO products due to the emerging information 
throughout its long lifecycle and overlapping phases in design, planning and manufacturing which if not 
managed will result in incorrect or out of date information being used with subsequent quality, rework, 
schedule and cost implications. Consequently, updated information is required to support evolving 
maturity but may also result in a quality impact which may have further repercussions in manufacturing 
rework. An example is a 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 
accessible, the change not understandable and the impact clear to the manufacturing planning team then 
it could be overlooked. This could result in rework in the manufacturing phase where it is expensive to fix 
with the subsequent cost and schedule implications. 

B.6 described how the ETO product is developed based on information provided by suppliers and that the 
PLM environment assists them with relating to unanticipated problems. Ensuring that all business 
functions communicate effectively through PLM was raised by B.15 as being a key objective. 
Consequently, when data is captured, it must be configured in a way that is understandable by all the 
functions. Examples of this are through the use of metadata against the part which defines its key 
technical parameters and are used by numerous stakeholders in the design and manufacturing of the 
integrated product. 

Having easy access to the relevant information is also important to not only allow the customer to 
interrogate the product to determine alignment to their requirements but also to demonstrate that there 
is a robust approach to information management, which is an important enabler to customer satisfaction 
as raised by B.26.  B.5 described how this also helps to sell products as it provides evidence that 
information is managed which improves cost control and lowers price. This was an important 
consideration with the success of the GCS as the Australian and Canadian customers clearly expressed 
that the management of the product information was a key requirement. B.14 stated that the PLM 
environment supports design collaboration across a wide range of stakeholders and is the repository of 
information across the lifecycle of the product, and which again was an important factor in the GCS bid. 
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7.4.2 Process objectives 

Effective PLM business processes are important for any NPD and 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 these differences. This section describes those process objectives for PLM on ETO products which 
have been identified from literature and synthesised from the interview responses through thematic 
analysis. This enabled subsections to be created which describe the process objectives. 

These objectives include 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. Processes to support product 
development and build collaboration across all stakeholders in ETO products is important, as is ensuring 
that the schedule and  cost is managed  to maximise profit, to  reduce risk and provide value for money 
for the customer. As ETO products are highly customised, identifying and enabling standardisation in 
design and build is another objective discussed in this section. The process objectives in the framework 
are illustrated in Figure 27. 

 

 

Figure 27 Process objectives 

7.4.2.1 Support the design and build for product safety and environmental 
considerations  

The design, build and in-service support of an ETO product must ensure that Safety, Health and 
Environmental (SHE) obligations are managed. PLM will support this objective through providing 
processes which enable the necessary SHE information to be captured and managed throughout the 
productΩs lifecycle. As discussed in Section 2.3, PLM supports NPD in relation to meeting SHE regulations. 
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 taken [27].  Duque et al. and Barreto et al. discussed 
how PLM supports green manufacturing and sustainability by tracking materials used in the product 
throughout its lifecycle. This is supported through the interviews such as with B.1 who stated that PLM 
provides evidence with regard to the management of information to support product safety. Providing 
evidence of 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 identified and included in recommendations for 
improvement  [57]. 
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The challenges specific to ETO products described in Section 2 require robust PLM processes relating to 
SHE such as ensuring correct data formatting and attribution, but as stated by B.24, PLM also supports 
involvement from the product safety team to ensure they can influence the design. This is achieved in a 
number of ways including access to the emerging product information 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 business processes to 
understand any SHE implications. B.20 also stated that safety considerations are a key business objective 
for PLM. This enables the NPD stakeholders to support and monitor the evolving product development 
ETO products throughout its long-lifecycle and provide SHE reports directly from the PLM environment. 
It will also provide evidence to the appropriate regularity bodies that SHE legislation is being met. 

7.4.2.2 Enable quality through right first time and reduction in rework 

As discussed in Section 2.4, ETO products lack a physical prototype and have overlapping life phases with 
design areas reaching maturity as different times with emergent product development behaviours 
impacting the programme. Hicks and McGovern stated that ETO products are subject to product change 
through the lifecycle of the programme [9]. These can result in quality issues which can have a significant 
impact on the programme schedule and cost due to rework. The cost of quality increases as the 
programme matures, with resultant cost, schedule and reputational damage. 

Quality is a topic which was consistently discussed in both the literature and in the interview responses. 
The literature in Section 2 highlighted the role that PLM has in improving quality and reducing rework 
throughout the lifecycle of the product. B.2 and B.25 raised a key objective for PLM to support the 
reduction in rework due to improving quality, therefore reducing cost to the programme. B.12 provided 
the example of lifed items, which are those components which have a specific life then they are required 
to be replaced, e.g., hoses connecting equipment items. The information and related processes must be 
managed effectively, including item description, location, fitting date and maximum life span before 
replacement. 

In ETO products, these components number in the many thousands, so a poor PLM implementation in 
this respect, will result in considerable cost in the manufacturing phase as the programme stakeholders 
attempt to understand what items need replacing and when. B.10 and B.20 both stated that in hazardous 
ETO environments such as a nuclear facility or a particle collider, the quality considerations are critical as 
rework has a considerable cost: once an item has been fitted in a radiated environment it cannot be easily 
removed. PLM supports improving quality and reducing rework by managing the evolving design, build 
and maintaining the product in-service, and assists with the management of emergent product 
development behaviours throughout the productΩs lifecycle. This includes identifying the implications of 
these behaviours to ensure that quality is not impacted and rework is reduced. 

Using PLM as an enabler to meet quality objectives and reduce rework allows organisations not only to 
better protect their cost and schedule, but also to protect against reputational damage associated with 
poor quality and 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 long-lifecycle 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 organisations. This objective has increased in importance for 
the GCS, as Australia and Canada will integrate their specific product requirements into the Type 26 
reference design. As discussed in Sections 1 and 2.2, enabling collaboration throughout the NPD process 
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is a widely considered and fundamental objective of PLM in the literature. Gomez et al. highlighted how 
PLM removes traditional problems of silos of information and will enhance collaboration across the 
extended enterprise [35]. The ability to mobilise disparate and physically dispersed stakeholders towards 
collaborating on a design was also captured throughout the interviews by B.14 and B.17. Examples include 
the integration of engineering processes with those of manufacturing planning to ensure that the design 
can be effectively built. This also allows manufacturing planning to have visibility of the design to allow 
them to undertake their planning processes earlier, therefore reducing the lifecycle of the programme 
and as a result reducing risk. This was raised as a specific requirement on the Type 26 case study as 
discussed in Section 5.5. The same can be said for other business processes such as collaboration with 
engineering, product safety and the commissioning of the build as raised by B.2. The interviewees did not 
widely raise collaboration as an objective of PLM considering its importance and relevance. This may be 
due to collaboration using PLM being a fundamental requirement for their organisations and accepted, 
similar to security, export and IPR requirements. 

The PLM processes deployed must ensure that each stakeholder understands how to achieve their 
deliverables including the interfaces with the processes used by other business functions. These processes 
may be used by thousands of stakeholders across 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 overruns in large scale complex projects as described in 
the literature in Section 2.4.1 and illustrated in Table 2 in Section 2.4.1. These overruns include public and 
private financed projects. An 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. 

The need for cost management as an objective for PLM was also captured within the interview responses. 
B.22 stated that PLM must support profit for the business providing more for less, and supported by 
appropriate metrics. B.5 stated that information is the building block to drive and sell your product, and 
that if you can control your information, you can better control cost and therefore your price. Without 
PLM there would be no effective approach to the management of the programme cost and schedule. The 
importance of profitability to an organisation is raised by B.26 as a key objective of PLM. This is due to the 
ability of PLM to reduce rework and as a risk reduction for exposure to warranty costs. B.26 stated that 
PLM is a key resource for customer satisfaction through providing value for money and improved 
assurance that tƘŜ ǇǊƻŘǳŎǘ ƳŜŜǘǎ ǘƘŜ ŎǳǎǘƻƳŜǊǎΩ ǊŜǉǳƛǊŜƳŜƴǘǎΦ B.24 stated that PLM helps to understand 
customer risks; therefore, they can be managed more effectively which will drive risk reduction. Therefore 
PLM will also assist in managing the programme performance and for providing 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 described in Section 3, the literature on PLM for ETO products is sparse. The objective of providing 
standard design and manufacturing processes to the design and build of large-scale, complex products 
given their unique challenges is not widely discussed. Pulkkinen et al. discussed how PLM can enable the 
standardisation of manufacturing processes, but also commented that further research was required in 
order to achieve this [156]. PLM enables standardisation of processes such as with the Siemens Process 
Framework [157] but these do not provide 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 Section 3.4. This results in difficulties with standardising design and manufacturing processes. The lack 
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of a physical prototype as discussed in Section 2.4.8 means that design and manufacturing processes 
cannot be refined using prototypes. Due to the highly customised nature of ETO products and the lack of 
a prototype, there are a significant number of processes which are non-standard 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 improvement. A requirement was identified in the Type 
26 case study for repeatable standardised manufacturing processes as discussed in Section 5.8. 

An interviewee captured that a key objective of PLM was to enable standardisation in the design and 
build. B.12 stated that there was a need to introduce standardisation as the whole product could not be 
prototyped; instead prototyping aspects of the product, examples include identifying repeatable 
manufacturing processes in build and relating back to the design process. This is discussed further in the 
Type 26 case study in Section 5.8. Therefore an objective of PLM is to assist in the identification 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 ETO products compared to other product types which require the 
objectives to be tailored to meet the ETO ǇǊƻŘǳŎǘΩǎ needs. This section describes those objectives for PLM 
on ETO products which relate to people. These have been identified from literature and synthesised from 
the interview responses through thematic analysis resulting in the creation of sub-sections. 

The people objectives include enabling collaboration across multiple-sites when the ETO product has 
many thousands of personnel interacting across multiple geographical locations who have different 
skillsets and experiences. Demonstrating to the customer that the product meets requirements is another 
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. Supporting organisational knowledge management and learning 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 support 
the improvement of decision making is another objective in ETO products 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 interrogate. The process objectives in the framework are illustrated in Figure 28. 
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Figure 28 People objectives 

7.4.3.1 Enabling collaboration across multiple-sites  

The increase in globalisation has resulted in the growth of engineering collaboration [158], and ETO 
products are no different. ETO products require significant facilities for build and highly skilled personnel 
which are difficult to obtain. To gain access to these resources results in stakeholders being located in 
geographically dispersed locations with many thousands collaborating, include industry, suppliers, the 
customer, and the user. There are benefits for ETO products but the difficulties are considerable because 
of the unique challenges of ETO products as discussed in Section 2.4. This geographical dispersion of 
facilities and personnel, such as with the GCS who have resources throughout the UK, Canada and 
Australia, can result in disconnects such as with new information through the evolving product or change, 
and communication between engineers in the design process. These disconnects can occur throughout 
the lifecycle of the programme, as those involved do not engage in physically interaction  or are separated 
by time zones to progress the design and build, identify issues and resolve problems. 

PLM supports collaboration across multiple sites through capturing and sharing the right information at 
the right time in a structured way to those who have permission, resulting in improved and more accurate 
decision making [158]. This does not replace the personal interaction that is required between 
stakeholders but rather is a foundation to provide appropriate and effective support for information and 
process oriented collaboration. Examples of collaboration can be on 3D models where visualisation 
technology has improved product development across locations both nationally and internationally [159]. 
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 CAD model in a 3D environment. These CAD 
models are enhanced by relating engineering and manufacturing metadata such as attributes [158], 
related documentation or change information. These reviews can engage non-CAD specialists due to the 
high performance but low network bandwidth visualisation tools which allow interrogation of the 3D CAD 
model integrated with the BoM. These are packaged in most industry-leading PDM systems, such as 
Windchill and Teamcenter [158]. ETO products such as the GCS benefit as hugely complex spatial CAD 
models can be shared in lightweight formats with stakeholders across the globe, improving collaboration 
in the design, manufacturing and customer acceptance processes.  This collaboration will differ depending 
on the objectives of the stakeholder; it may include capturing and sharing of information to progress the 
electrical design, to support design reviews, for progressive customer acceptance, or for collaborating on 
3D CAD development. 
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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 highly customised and 
must ensure that it meets requirements before the product is complete, which may be many years after 
contract award.  

B.24 described a key PLM objective was for information to confirm that the solution being developed 
meets the customer requirements and that it will be achieved to time and budget. This is particularly 
important with ETO products that are often government funded as they require evidence of taxpayer 
value for money and that they meet the strategic needs of the nation. This is important as they are often 
scrutinised carefully by politicians and the national audit office. The requirement of providing evidence of 
taxpayer value for money was also identified by B.20 as a key objective for PLM. 

B.18 indicated that requirements decomposition and management is a key PLM objective. PLM can assist 
with not only requirements decomposition but also relating the design solution to the decomposed 
requirements assisting with customer acceptance. Relating the design to enable customer acceptance 
was stated by B.25 as being a key objective. It was stated that the design definition as managed and 
presented by the PLM system of systems, when handed across to the customer, should help to maintain 
the product through life. This is a key requirement for any ETO product whose design for support and in-
service support is hugely expensive. B.25 also stated that this design definition will help to be 
internationally competitive for export bids. Staying ahead of competition is a considerable benefit given 
the major export bid wins for the GCS which had competitive bids by major Naval Shipbuilding companies 
for the Canadian Surface Combatant (CSC) [160] and the Australian SEA 5000 programme [161]. However 
B.25 also warned that it must be efficient and not adding cost for no return. 

The relationship between the requirements and the design supports a quality product with customer 
satisfaction and aids in customer acceptance and concluding contractual obligations as raised by B.21, 
B.26 and B.27. Customer acceptance is challenging in ETO products due to their highly customised nature, 
long-lifecycle and complexity. Industry would prefer a progressive acceptance process as early in the 
programme lifecycle as possible, as this mitigates a considerable risk of the customer rejecting elements 
of the finished product. Rejection of the finished product is an extremely difficult and expensive problem 
for industry to resolve. ETO products have a considerable amount of customer interaction in the 
programme lifecycle as discussed in Section 3.3. Relating their requirements to a customised 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 commences which mitigates expensive rework in build. The results of acceptance can be 
captured in the PDM system and related to the requirements system, with the appropriate approvals, 
years before the actual handover. This approach lessens the risk at customer handover which may be ten 
years after the design is agreed and where different personnel may have different perspectives on the 
requirement, design and finished product. It will assist with monitoring the design and build which 
provides ongoing evidence to the customer and enables lifecycle phases to be passed. This evidence based 
approach is important due to the long-lifecycle of ETO product development where personnel will change 
and agreements otherwise potentially misinterpreted or forgotten. This progressive acceptance will 
contribute to the customer having the necessary mechanisms for them to maintain the product through-
life, as any support issues can be identified earlier in the product lifecycle. 

7.4.3.3 Support organisational knowledge management and learning  

PLM must support the capture of knowledge within the organisation and enable its reuse 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 directly to the product itself or 
indirectly through enhancing the skills within the business. 

This reuse of product knowledge with PLM enables product knowledge capture and sharing across the 
programmeΩs lifecycle [162]. An example is with product change management which is used to drive 
improvements through correcting identified differences from the baseline design. Implementing 
improved methods to the product development process to capture knowledge using PLM will bring 
benefits to the product development process by capturing, structuring and processing information that is 
generated and therefore transforming experiences into knowledge that can be used by the business 
stakeholders [163]. 

B.6 described how PLM can be used to capture and configure knowledge from the engineering 
environment, in order to support manufacturing. The PLM environment will provide mechanisms, such as 
the change management process, to capture and manage improvements to the ETO product design, build 
and support. As 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 to corrections 
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 captured and reported through means such as attribution 
and relationships to the affected product artefacts. As ETO products have emergent challenges 
throughout its lifecycle, capturing why these changes occur will help with their 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 as with manufacturing planning, or capturing 
knowledge from manufacturing back into the design through quality queries 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 various business functions and have appropriate reporting mechanisms based 
on the requirements of the stakeholders. Sääksvuori and Immonen stated that PLM improves decision 
making and decreases approval time by capturing and sharing information in a structured way [17]. 

PLM provides accurate information from the BoM which includes supplier delivery lead times which is 
used to leverage the market for the best possible deals, as highlighted by B.17. This also supports the 
customer value for money PLM objective in Section 7.4.3.2.  

PLM enables multi business function integrating across detail design, supply chain, manufacturing 
planning and system design by publishing the physical design for review by these stakeholders as stated 
by B.14. The more informed decisions that can be made by these stakeholders using the information 
managed in the PLM environment as the greater the benefit to the ETO NPD. 

B.24 raised the importance of generating and using reports from the PLM environment to integrate the 
design and enables an improved understanding of programme status. PLM can assist with reducing 
decision making and approval timescales by leveraging the structured information through the reports to 
provide an immediate, up-to-date status of the programme. B.24 went on to highlight that identified 
issues can be used at the gate reviews, and used to evaluate the design and 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 section synthesises the interview responses in relation to the challenges with PLM implementation 
on ETO products. As shown in Table 10 in the Section 7 introduction, Question 4 was used to capture the 
typical challenges faced by the interviewee when utilising PLM. Question 9 was used to capture any 
further challenges which the interviewee believed would impact the transitioning from an as-is PLM 
environment, to one which incorporates the improvements they require. This approach was designed to 
capture any further challenges that the interviewee may not have considered in Question 4 as they had 
not yet been asked and considered what improvements they require in a PLM environment to meet their 
business objectives. Questions 10 and 11 were used to prioritise their challenges in terms of impact and 
effort if there were more than one challenge identified. This was used in the thematic analysis to 
determine what challenges had the greatest significance. 

The following subsections are the challenges of the PLM implementation framework and are structured 
by those which relate to Information (Section 7.5.1), Process (Section 7.5.2), People (Section 7.5.3) and 
Technology (Section 7.5.4). There are related to the challenges with PLM on ETO products as described in 
Section 2.4.2 but are captured at a more detailed level based on the experiences of the interviews. 

7.5.1 Information challenges 

There are information challenges 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 various levels 
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 includes identifying, 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 challenge identified was integrating complex product 
information through-life 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 due to the evolving design or through product change. 

The management of product information maturity and its relationship to change, configuration, schedule 
and cost was identified as a challenge. This is due to the maturity of the product information being used 
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 additional work-scope which had not been planned or costed. The 
information challenges in the framework are illustrated in Figure 29. 
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Figure 29 Information challenges 

7.5.1.1 Identifying, managing and presenting emergent complex information for 
management decision making  

There will be difficulties with the identification, management and presentation of product information in 
the PLM environment for management decision making in complex ETO products. This is due to the 
information which can relate to areas of significant programme importance but are difficult to identify 
within the large volumes in the PLM environment. The importance of information will also vary as the 
programme progresses through the lifecycle 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.6, there is a challenge in understanding the status of the programme and the 
identification and resolution of product issues which may impact the programme. With ETO products, the 
schedule is aligned with the product development lifecycle phase. Therefore if there are emergent 
product issues such as for example, the identification late in the design phase of a gas turbine cooling 
requirement for the HVAC design on a Naval Shipbuilding programme which requires rework, 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 bolts not fitting nuts. 
Therefore, if information relating to supply chain activities is not managed effectively, and the issue is not 
identified through the PLM environment, then the consequential impact to the programme can be 
considerable, with the impact increasing later in the programme lifecycle, as shown in Figure 6 in Section 
2.4.2. 

Identifying what information is important to the programme is challenging when there are such large 
datasets with thousands of personnel interacting with them. 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 from which they can make decisions. This is due to a lack of 
understanding of what information is important to whom and at what point in the lifecycle. 

B.13 described that their product is data rich and people often lose sight of what is important. He went 
on ǘƻ ǎǘŀǘŜ ǘƘŜ ŎƘŀƭƭŜƴƎŜ ƻŦ ƛŘŜƴǘƛŦȅƛƴƎ ǿƘŜƴ Řŀǘŀ ōŜŎƻƳŜǎ ǳǎŜŦǳƭ ƛƴŦƻǊƳŀǘƛƻƴΤ ƻǘƘŜǊǿƛǎŜ ƛǘΩǎ Ƨǳǎǘ Řŀǘŀ 
with limited value and with a big overhead to maintain: Ψ{ŜŜƛƴƎ ǘƘŜ ǿƻƻŘ ŦǊƻƳ ǘƘŜ ǘǊŜŜǎΩ ƛǎ ŘƛŦŦƛŎǳƭǘΦ 
Measuring the programme performance is based on progressing product development but the large 
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volumes of information and the emergent product issues impact the schedule. The later the emergent 
issues are identified the greater impact to the programme. Identifying what information will impact the 
programme is difficult due to the large volumes 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 is difficult. The PLM environment can become information rich but 
finding what is important at the specific lifecycle stage to identify and resolve emergent 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 number of stakeholders from multiple business functions at various points in the 
programmeΩs lifecycle. The information is required to be integrated from the authoring environment to 
the various systems which require it for their specific requirement. Examples are engineering data in the 
PDM system which is required for planning and procurement in the ERP system. Section 2.4.3 described 
the levels of complexity involved with ETO products which results in challenges associated with providing 
an integrated information environment across the programmeΩs lifecycle. B.5 stated that their single 
biggest challenge was providing a single point of truth at any one time, whilst B.18 explained that she can 
query the functional and physical design, but requires to see an overall view of the product development 
across multiple PLM technology systems such as how the design in the PDM system is supporting the 
safety case in that system. Due to the significant information volume and the multiple technology systems 
where duplicate information is utilised by the programme, there are difficulties with understanding where 
the single point of truth is. The information is changing in one technology system 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 by B.12, the challenge is how information flows from the engineering environment to the 
ship build, and how information is utilised throughout the lifecycle of the programme. He stated the 
example of the codification of parts in the design lifecycle which is understood by the engineers, but 
within the build it becomes difficult to understand what the information means. This may be due to design 
engineers possessing a different mental model of the product than manufacturing engineers. Therefore, 
as information evolves throughout the lifecycle of the product, those who use the information are from 
different business functions and may not understand what the descriptions mean. B.12 provided the 
example of High Pressure Sea Water system which was coded as HPSW in the past and was understood 
by the build team. However, as the codification changes to meet other business needs this has an impact 
downstream. 

B.15 stated that there is a challenge with integrating in-service support requirements into the design in 
the PDM environment as there is a focus in their business on the engineering lifecycle. 

As the engineering lifecycle phase can be close to a decade in duration, there is a challenge with 
identifying and enabling information management strategies for downstream activities such as 
manufacturing planning, build and in-service support. This is due to the uncertainty in the programmeΩs 
lifecycle where information is constantly changing. B.24 stated that not only is it difficult to understand 
each otherΩǎ data, but this gets harder as the team grows in size, and when you have a team of 1000 
people split over a number of sites, it becomes very difficult. Ensuring that downstream requirements are 
captured in the engineering 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 as in the build phase, has a significantly greater effect than if it was identified 
in earlier phases as it will require rework with resultant engineering schedule and cost implications. 

B.4 stated the challenge of reducing duplication within PLM, and cited the importance of using a common 
shared parts library. Duplication is a challenge of PLM in ETO products due to the large volume of data 
and the long lifecycle of the programme. Duplication can occur due to the same or similar information 
being incorrectly created more than once. Using the part library as an example if one engineer requests a 
particular part to be created, e.g., a valve, and another engineer creates the same part, there is duplication 
which will result in quality issues as both may become misaligned due to the differing technical attribution 
applied. This can also cause issues with the supply chain as the same part is ordered twice. Another 
example is with incorrect information used by manufacturing planning causing rework in the build phase, 
with the considerable expense this causes. 

With ineffective information management and integration, there are many other instances where 
duplication will occur through the life of the programme, as there will be thousands of staff creating and 
consuming large volumes of information over many years, such as 15 years for a first of class Naval Ship 
build. 0 discussed the problems of data accuracy on previous programmes, but believes that the correct 
integration across CAD, PDM and ERP will assist in eliminating manual translation and data integrity issues. 
B.16 described the challenges of misalignment between CAD and PDM, and the significant cost involved 
with aligning data if not correctly managed. CAD and PDM can easily become misaligned on ETO products 
as the engineering phase includes years of design with the phases overlapping, as shown in Figure 6. In 
the system design phase, the information is mastered in the PDM system, which is then utilised by the 
detail design teams in the CAD system to create the physical 3D model. If the PDM system is updated, 
such as through emergent change and the CAD user is unaware, then both the system and physical designs 
have become misaligned. This leads to problems such as poor engineering quality, resultant significant 
cost increase and a schedule impact to the programme. Controlling the integration of product 
information, whilst a key challenge, is also a key objective as discussed in Section 7.4.1.1. This is supported 
by B.14 who stated that a key challenge of utilising PLM is data alignment across the CAD, PDM and the 
ERP systems. 

7.5.1.3 The management of product information maturity and its relationship to 
change, configuration, schedule and cost 

ETO NPD programmes have to ensure that maturity is appropriately managed to support decision making 
and to accurately reflect the status. It is also 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 phase of the programme; 
an example being between the system and detail design phases. Once the system design has reached 
maturity, the relevant information is put under 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 programme as illustrated in Figure 6 in Section 2.4.2. 

Whilst configuration management is a well-practised discipline in many product types including ATO 
product providers such as Airbus, there are specific challenges with ETO products. This is due to large 
volumes of data having a variety of interconnection across various systems which are subject to increased 
ΨǾŜƭƻŎƛǘȅΩ ƻŦ ŎƘŀƴƎŜǎ [11]. This is due to information changes impacting the product real-time which 
affects the management ǘŜŀƳǎΩ ability to understand the maturity status, and therefore the status of the 
programme schedule. Therefore there is a challenge with providing stability and control mechanisms 
without impacting the progression of the design and build. The interview responses provide further 
information relating to these challenges. B.25 stated his belief that his programme over-complicates 
maturity, including in the system and physical designs. He also stated that maturity management adds 
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value but stated that the progressive refinement of a system design does not necessarily mean that it is 
immature, just that the system maturity is progressively increasing.  

There is a risk that the maturity approach can be overcomplicated resulting in configuration control too 
early in the programmeΩs lifecycle with the further consequences of approved change management tasks 
required to update the design. This will result in additional burden to stakeholders who are trying 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 by B.18 who described how technology cannot be 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, technology can 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 considered, it is important to understand the effect of product updates on the various interconnections 
of the design systems. This is a difficult challenge as if a design is deemed mature enough to pass the stage 
gate to go into the next phase of the programme, then a level of configuration control should be applied. 
However when additional information is added to the system design, then the formal change process 
should be applied. This is due to the level of complexity in ETO products where it is difficult to quickly 
establish the impact of a design update to the various interconnections throughout the lifecycle of the 
product. 

0 stated the challenge is with how and when change management is implemented in the productΩǎ 
development, as inadequate information which was used to resolve design and immaturity issues has 
resulted in change. The relationship between what is design evolution and what is change was also stated 
by B.16 as a challenge with PLM. His perspective was from programme management where there is a 
team size agreed and the appropriate budget and schedule decided. The engineering schedule is linked 
to the maturity of the product and there are difficulties with identifying what is valid design evolution and 
what is a valid 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 complete, then has to be 
updated. Therefore the challenges of maturity, change and configuration management 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 describes the challenge of creating processes that meet business objectives and are not overly 
complicated. This challenge was synthesised from the interview responses through thematic analysis and 
was the only processes related challenge for the implementation of PLM in ETO products. The analysis of 
the interviews identified that creating processes to meet business objectives was required but that it is 
difficult to align this with processes which are manageable, flexible and easy to understand due to the 
level of complexity and uncertainty in ETO products. The process challenges are illustrated in Figure 30. 
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Figure 30 Process challenges    

7.5.2.1 Creating processes that meet business objectives and are not overly 
complicated 

There are numerous examples from the interview analysis where PLM processes which were developed 
and implemented to meet ETO business objectives have been over engineered. B.2 stated how they 
incorrectly made their electronic process workflows in the PDM system overly complicated and 
prescriptive, resulting in difficulties when something went wrong and needed to be fixed. The result was 
that they had to reengineer their workflows to make them simpler. The creation of complicated processes, 
including those which are replicated in the PDM workflows, is understandable given the complexity of 
ETO products, but flexibility is required to manage emergent product process behaviours such as change. 
Also, an objective of PLM in ETO products is to manage security, IPR and export obligations as discussed 
in Section 7.4.1.4, and these require PLM processes with multiple stakeholders and strict rules which if 
breached can have significant consequences. 

B.1 stated the difficulties associated with identifying IPR information that cannot be shared across 
different ETO programmes. He used the example of a diesel generator which might have information 
embedded in the detail which cannot be shared with other programmes. A consequential failure to 
implement processes to manage obligations may result in a breach of security, IPR or export controls. 

Another example of the challenges of managing process complexity is with non-recurring activities. ATO 
products typically have repeatable processes that can be refined and improved after many uses, with 
considerable learning reused in the next generation. B.16 highlighted the difficulties associated with 
planning for non-recurring tasks that are typified within the novel nature of ETO products, where the 
processes may be defined and used for the first time. He spoke of the difficulties with creating a 
programme plan if processes are at a high-level and cited the example of managing product reviews. 

The challenge is therefore to achieve an appropriate balance between overly complicated processes that 
lack flexibility, and processes which are too simple and do not support the business objectives. Processes 
should also not be constrictive due to the level of uncertainty in ETO products. B.17 discussed the 
challenges related to the focus on schedule adherence when implementing improvements on the 
programme, one of which was not enough attention paid to realising strategic objectives. This balance 
between having the right level of process detail to manage uncertainty in the programme and having 
processes which can be applied to accomplish programme objectives and to measure cost and schedule 
adherence, as well as the overall programme performance, is a challenge that needs to be addressed. 

B.12 discussed how their business is building a bespoke product which is tailored to meet customer 
requirements. He goes onto say that their requirement is more unique compared to other similar 
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products, this necessitates tailored business processes. B.12 introduced new processes to identify 
products that can be manufactured repeatedly. This was a new approach with a greater level of flexibility, 
required in order to adapt their business processes as they learn through the ETO programme lifecycle. 
Ensuring these processes are not overly complicated is difficult when they have never been applied 
before. Another difficulty with ensuring processes meet the business objectives is guaranteeing that all 
the many stakeholders in the ETO programme are using the same approach. Differing, non-standard 
processes result in a significant impact to ETO product delivery. B.26 cited an example where partners in 
his programme have different specifications for testing, resulting in constant rewrites of the test 
specifications to meet business objectives. 

It is also important to adhere to processes that have been agreed. B.2 described a challenge for the 
successful use of PLM is with process documentation, as people often work around processes, tailoring 
them to satisfy their need, and therefore problems or improvements are not captured as these 
workarounds are local and not documented. He goes on to say there needs to be more focus on processes 
adherence to support the PLM deployment. B.27 described a challenge with standardising processes is 
that they have a business model which was developed before their PLM implementation and the 
associated technology. He added that it is a challenge to standardise their business processes, not least 
because there are many different opinions across multiples programmes which go through different 
lifecycles. He stated that understanding what those processes are and what data is required to be 
managed is difficult, particularly for those who are new to PLM. Therefore, there is a challenge with 
integrating and standardising processes to meet the objectives of different programmes. 

Overly 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 improvements are lost with problems not communicated 
to the responsible stakeholders. Due to the customised nature of ETO products and the lack of a 
prototype, processes may require to be created as the business objective or challenge emerges. This 
results in a novel approach which may have been used for the first time. Therefore there are difficulties 
with ensuring a process is fit for purpose before deployment, such as; managing security, maturity, design 
reviews or with business improvement initiatives in design or build. Other 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 processes do not strip out necessary detail, and are therefore not fit for purpose, in an 
attempt to ensure they are not overly complicated. Processes should manage the uncertainty in the 
programme but also support the schedule and cost to ensure overall programme performance. This is 
difficult as each ETO product has differing customer requirements, such as an anti-submarine warfare 
frigate having a focus on managing underwater radiated noise, which results in tailored processes. 

7.5.3 People challenges 

This section describes the challenges relating to People for the implementation of PLM in ETO products 
and were synthesised from the interview responses through thematic analysis enabling sub-sections to 
be created. The analysis of the interviews identified that there were a significant number of challenges 
relating to people. These include education, 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 the business. Lack of expertise to enable and support PLM is difficult due to the 
various levels of skills required to ensure PLM is a success. Personnel's understanding of their obligations 
and through-life implications of their actions or non-actions in relation to a successful implementation of 
PLM is another challenge identified though the interview analysis. Understanding processes and toolsets 
and its relationship to through-life product information integration was also identified as a challenge, as 
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were the difficulties with people working collaboratively across all business functional areas in ETO NPD. 
The people challenges are illustrated in Figure 31. 

 

Figure 31 People challenges 

7.5.3.1 Education, adoption and understanding PLM value, and its relationship to 
quality 

ETO product design and manufacture are typically huge multi-billion programmes, where educating the 
necessary stakeholders and ensuring the adoption of PLM is a significant challenge. PLM means different 
things to different people and this lack of consistent understanding 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 the ƛƴŘƛǾƛŘǳŀƭΩǎ ǊƻƭŜ ŀƴŘ ƻōƧŜŎǘƛǾŜ ƛǎ ŎƘŀƭƭŜƴƎƛƴƎΦ LŦ ǘƘƛǎ ŘƛŦŦƛŎǳƭǘȅ ƛǎ ƴƻǘ 
resolved there will be issues with data quality as the information in the PLM environment must be entered 
correctly and managed effectively. 

B.23 highlighted ǘƘŀǘ ǇŜƻǇƭŜΩǎ comprehension of PLM is a key challenge; they asked their employees if 
they understood PLM and discovered that it means different things to different people. He stated that 
getting an appropriate business definition was difficult. Therefore, ensuring that there is a unified and 
consistent definition of PLM within the business that employees can relate to and is aligned with the 
business objectives is critical. B.3 also stated that user adoption is a challenge when utilising PLM, as data 
quality is linked to user adoption as you need people to use it to ensure the information is current. If the 
stakeholders in the ETO products have not correctly adopted the PLM approach, significant problems will 
arise with its successful utilisation and this will have an impact on PLM meeting the business objectives. 

B.14 described the relationship between people, data and quality as a challenge. He embellished this by 
stating that PLM involves getting the right quality measures in place as data is more important than ever, 
as you have more people manipulating it. He added that the biggest challenge is getting that quality 
culture into the organisation so they recognise that poor quality causes problems further down the 
programmeΩs lifecycle. These problems are dependent on what information the engineer has been 
generating. Due to ETO products having a huge number of interconnections amongst their subsystems, 
these quality problems can have a significant impact on the programme. As shown in Figure 6, these 
decisions 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 programme, as well as reputational damage. Without full 
stakeholder understanding of their role within a successful 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 multi-skilled stakeholders interacting 
with ŜŀŎƘ ƻǘƘŜǊΩǎ processes and information. The long lifecycle 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 relationships to data 
sources, for example early design information to manufacturing drawings, or with information required 
by the support team that was not provided in the design phase. These interconnections through-life can 
impact stakeholdersΩ understanding of what their responsibilities are and can cause quality issues such as 
rework in the build phase with the related significant reputational damage that causes. 

B.6 discussed the challenges relating to the amount of metadata at a part level and how this can be used 
to determine when ŀƴ ŜƴƎƛƴŜŜǊ Ƙŀǎ ΨŘƻƴŜ their ƧƻōΩΦ {ƘŜ added that there are difficulties in providing 
support to engineers when some are traditional and others are integrators. Therefore there are those 
within the organisation who will work in a traditional unintegrated way to progress their objectives and 
there are others who will integrate engineering design. Different stakeholders in the ETO product 
development have diverse roles, such as a radar systems engineer who is responsible for the functional 
system design and another 3D CAD detail designer who is responsible for integrating this design into a 
physical CAD model. There needs to be shared situational awareness with clear, consistent and agreed 
understanding of what information is important, what the interconnections are, and what rules are 
required to measure the data quality. 

B.8 expressed a clear understanding of the importance of PLM and of providing technical Suitably 
Qualified and Experienced Personnel (SQEP) and technology. However, he added that the value of PLM is 
not widely understood and that it can be undervalued and not seen as an enabler to the design intent. He 
also stated that, for a non-specialist, ƛǘ Ŏŀƴ ōŜ ǎŜŜƴ Ψŀǎ ǎƳƻƪŜ ŀƴŘ ƳƛǊǊƻǊǎΩ ŀƴŘ ǘƘŀǘ ǇŜǊƘŀǇǎ what is being 
done, and why it is important, is not explained. This includes the importance of underlying data quality 
checks which some may see as an overhead. He discussed the balance between the time and expense of 
PLM with the ǊŜǘǳǊƴ ƛƴ ǘƘƛǎ ƛƴǾŜǎǘƳŜƴǘΣ ǘƘŜ ΨǇŀȅōŀŎƪΩΦ These include benefits in manufacturing with better 
quality and accuracy than could be achieved in a less constrained environment. He also linked the 
importance of people adopting and recognising the value of PLM to overall quality of the product. 

The benefits to overcoming these challenges are improved quality throughout the lifecycle of the ETO 
product. This includes the multiple disciplines who are involved with creating and consuming the 
information at various points 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 designers: these activities can be separated by years.  

B.4 raised business change management as a key challenge and cited the importance of incremental 
implementation with initial deployments followed by the next challenge. These incremental steps should 
assist with demonstrating value to those who are required to successfully use the PLM environment rather 
than with a large single deployment which takes longer and can have difficulties in showing value early. 
B.13 stated a key objective of PLM should be linking it with how users intend to use it. He says there are 
some in engineering who understand PLM, but there are those in other functions who do not, such as 
within manufacturing engineering or in supply chain. He cited an example of the supply chain team who 
purchase parts based on the information from the PLM environment. He stated that the business do not 
always equip their personnel with the skills to ensure they are integrated with PLM and that people often 
see it as a toolset, but policy, process and people are key requirements. This was supported by B.15 who 
stated that a challenge is including all the functions in the programme and having them working with the 
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same process. He added that process is key, and it does not matter what toolset is used but you have to 
convince them of the importance of PLM. 

B.4 stated the first and biggest challenge is that individuals do not understand the concept of PLM and 
they see it as a configuration management solution. He added that there is no effective education as to 
what PLM is and what it can do for them ς the individuals that should be engaging with PLM are not 
sufficiently educated in it. B.19 described a PLM challenge is that the teams are disconnected, with the 
3D detail designersΩ toolset is not integrated with the system designersΩ ǘƻƻƭǎŜǘ. He added that the teams 
sometimes do not see the benefit of PLM and they need more training. The CAD team are those who 
undertake detail design with the 3D CAD system. The PDM team are those who undertake the system 
design within the PDM system. The main activities of these two teams can be separated by years with the 
system design being undertaken first, then at an appropriate maturity, the detail design phase is 
undertaken. Due to the size and complexity of ETO products, these phases involve many hundreds of 
individuals and are undertaken over several years. 

0 stated a challenge with utilising PLM is one of people and ownership within engineering with B.27 also 
stating the challenge of changing organisation culture and trying to convince the company to use PLM. He 
added that they are new to PLM and it is difficult to change the business model. B.1 commented that 
educating staff is a key challenge, and he additionally described that there is an assumption that everyone 
understands top level PLM, and are motivated to populate it with information. He asked, ΨǿƘŜǊŜ ƛǎ ǘƘŜƛǊ 
ǊŜǿŀǊŘΩ and cited an example of a part owner who was required to populate data and asks Ψwhat is in it 
for themΩ, as the data was consumed by others. He stated that there is an assumption that everyone has 
bought into the benefits of PLM and its adoption, but he is not always convinced. Therefore, people are 
required to be educated so they fully understand what PLM is, what the value is to them and the 
organisation, and what is required from them to achieve these goals. This is a challenge given the scale 
and complexity of ETO products but developing and implementing an education and business 
management approach is critical to the success of PLM. 

B.12 discussed the challenge of changing the culture to remove working in silos but warned against 
ΨƻǊƎŀƴƛǎŀǘƛƻƴŀƭ ǘƘǳƴŘŜǊōƻƭǘǎΩ ǿƘŜǊŜ ǘƘŜǊŜ ƛǎ ŜƴƻǊƳƻǳǎ ŎƘŀƴƎŜ ǿƛǘƘƛƴ ǘƘŜ ōǳǎƛƴŜǎǎ ǿƘƛŎƘ ƴŜŜŘǎ ǘƻ ōŜ 
managed effectively. There needs to be a balance between cultural change, and being able to undertake 
the programme effectively. Major business changes will cause disruption to the programme impacting 
schedule and cost as people are trained, which takes them away from day to day activities, also that it 
takes time to become experienced in the new approaches. B.15 described the importance of managing 
transformation and that a major objective is to win the hearts and minds of the people. He added that 
the various stakeholders typically do not understand ŜŀŎƘ ƻǘƘŜǊΩǎ activities and challenges due to the size 
and complexity of the programme. He used the example of those in the manufacturing phase who do not 
understand the information used in design. This design information is high-value and requires changes to 
work practices which have to be managed effectively, which is why transformational projects take 
between three and five years. The cultural changes described by B.15 are difficult to overcome due to the 
size, long lifecycle and complexity of ETO products, which make it difficult to convince thousands of 
stakeholders why a 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 point they were initially implemented.  

B.1 raised a cautionary point with regard to providing education to the stakeholders. He believes the level 
of understanding should be appropriate to the needs of the programme to ensure that people are not 
overloaded with information. He elaborated that the programme assumes that there is integration and 
understanding across all the areas, but the product is so large that people only understand their part in 
the process. This challenge was also raised by B.2 who stated that as they have such a long product 
lifecycle, people cannot understand the whole integrated flow.  

B.8 raised the challenge of people undertaking the same activities for years, and when transitioning to a 
new PLM environment, the PLM architects must ōŜ ŀōƭŜ ǘƻ ŀƴǎǿŜǊ ǘƘŜ ΨǿƘŀǘΩǎ ƛƴ ƛǘ ŦƻǊ ƳŜΩ question that 
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is typically asked. He added that to sell it, you have to satisfy self-interest by explaining either what the 
advantage is to the individual, or how it is not a disadvantage to them. 

B.14 stated that a key challenge to realising the benefits to the enhanced PLM environment is the 
behaviour aspects, and the requirement of commitment from major stakeholders to ensure the 
implementation is successful. He embellished this point by stating that it is important to ensure that key 
individuals are exhibiting the right behaviours, as it is easy to take a negative view. This correct behaviour 
is required to support PLM information management, processes and technology approaches. B.23 also 
identified the challenge of business change management in implementing the PLM environment to 
achieve business objectives. He discussed the importance of ensuring that the message to the 
stakeholders is correct, as his experience was that PLM implementation is commonly seen as an IT project, 
and stakeholders subsequently wait to be told what to do by the IT function. This experience by B.23 
requires a planned implementation of PLM to include ensuring that this is a business-wide change and 
not an IT driven activity. PLM must be viewed not just as a software system but as a means to manage 
processes, information and technology to enable people to function effectively to achieve business 
objectives. Programme personnel must be educated at the appropriate level to support their day to day 
activities. This is required to ensure they understand the part they play and the value of PLM in ETO 
products. This will be challenging due to other priorities, diversity of skills, personnel in different 
geographical areas and the long-lifecycle of the programme. 

B.1 raised the challenge of getting commitment from stakeholders due to other competing priorities in 
the programme, for example when there is a lack of attendance at workshops and less than optimal 
engagement then this can weaken the programme. He added that if these stakeholders are not engaged, 
then they will later question aspects with which they were not initially involved. This problem of 
conflicting priorities is a challenge. Careful consideration is required regarding how to ensure engagement 
and buy-in to the PLM implementation. B.2 discussed his experience with having commitment and buy-
in early in a PLM implementation project. However when mistakes or other challenges emerge, people 
will typically revert to old ways of working especially with underestimating the cost and schedule of the 
project which may result in an impact to the programme, such as with meeting a payment milestone 
based on a date. This is a challenge also raised by B.14 who stated that overlaying PLM implementation 
on top of a challenging programme schedule will result in objectives which are not always achievable. 
PLM implementation objectives may become less of a priority if the overall ETO programme has issues 
relating to quality, cost or schedule. B.2 supported this by stating that it is easier for the PLM team earlier 
in the implementation project as all the personnel in the programme have had communication sessions 
from senior management and are committed to the transformation project; wanting to do things earlier 
with enthusiasm. He states that you can make rapid progress that is best achieved with a small group of 
people that can communicate easier. He then described how the next phase is more challenging with 
programme personnel becoming disillusioned making the implementation more difficult. 

At this point within the implementation, there are more stakeholders and it becomes harder to 
communicate. This challenge becomes even greater as more people join the ETO programme from 
previous programmes, where there PLM environment on which they may have been working on for many 
years may be very different. These stakeholders will also not have been involved in the initial 
communications, meaning that they are not familiar with why the PLM initiative is being undertaken, and 
also that the process and technology will also be new. These differences culminate in resistance from the 
stakeholders. B.2 then described the current state of their PLM implementation, where it is hoped that 
people have realised that ΨǊŜǎƛǎǘŀƴŎŜ ƛǎ ŦǳǘƛƭŜΩ and it is all for their own good. 

B.24 described that there can be focus on driving an integrated approach through processes and toolsets, 
but there is a clear requirement to focus on people, as they have different needs. He elaborated that 
there is a need to get the right balance to understand where people fit in to the approach. He also stated 
that since there is less focus on downstream activities than those upfront, there is a tendency to focus on 
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those that are needed now, not later. He described how as the team attempt to implement the solution, 
they discover further business challenges. The complexity and long lifecycle of ETO products means that 
creating a holistic view of a PLM transformation project is extremely challenging, especially as 
improvements are implemented concurrently with the actual product development. This provides 
additional challenges where resource pressures exist to support the implementation project but also to 
ensure the programme schedule is maintained. The delivery of PLM business change and education 
cannot be a one-off 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 complexity of ETO products, it is difficult to ensure that suitably qualified and experienced 
personnel are embedded to ensure the success of the implementation and ongoing use of PLM to meet 
business objectives. B.14 stated that they have very limited resource within the organisation of those 
individuals who have the knowledge and experience of the PLM processes and toolsets. He added that 
they can get other resources, but questioned whether those appointed fully understand the details such 
as the processes and the challenges. He highlighted the challenge that this is not knowledge which is held 
externally due to uniqueness and complexity of their product. The skills required for PLM in ETO products 
are significant due to the large number of processes and supporting technology in use. As PLM is an 
integrated system of systems, then each element within PLM will have an effect on the others. An example 
of this is with the product change process which, due to the emergent issues with ETO products, means 
change management is critical to the programme. 

B.16 stated that they have hundreds of changes that are agreed but are late in being embodied into the 
design. He stated that the change managers do not prioritise from an internal customer perspective, and 
typically do not recognise othersΩ needs. He used the example of understanding change management and 
what it meant to others in engineering and build. The consequence of change to engineering and build 
are significant as this may require rework with the resultant effect on the cost and schedule. If there is 
sufficient understanding of the PLM processes and toolsets and how they relate to the wider business 
stakeholders, then this will significantly impact on the success of the programme. Not only are there 
limited personnel who understand PLM and its use on ETO products, those who do are in great demand 
across the entire programme. B.14 highlighted the challenge of skilled PLM resource available to support 
the PLM implementation. B.20 expanded on this by explaining that the expertise challenge is also with 
the suppliers who have to be convinced to invest in the development and training of their own personnel. 

Due to the complexity, scale and long-lifecycle 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 other business 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 business functions is 
significant. These resources must assist with the successful embodiment of the changes and also ensuring 
that they are correctly prioritised. These skills have traditionally been built up through experience by 
undertaking the roles defined by the business, 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 restrictions on their 
availability. Convincing the various business functions involved in the programme to invest in their teamΩs 
PLM skills development will be difficult. 
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7.5.3.3 Obligations and through-life implications of peopleôs actions and 
inactions 

There will be challenges with ensuring that programme personnel understand what is required from them 
to ensure a successful PLM implementation. They must also understand the implications of their actions 
within the PLM environment or when they do not fulfil their obligations. Due to the challenges of ETO 
products such as with scale, complexity and the number of interconnections throughout the long lifecycle, 
entering, integrating and maintaining the required information to a high quality standard is vital to the 
success of the programme. 

The Interconnectedness of information provided by the programme personnel is complicated to manage 
and the implications of incorrect, out of date or missing information can be significant. B.16 stated that 
whilst there are technical challenges with PLM, the behaviours, interactions and judgements of the 
individuals using it are important. B.1 highlighted stakeholder buy-in and education as challenges, but 
ensuring that all understand what is expected from them is difficult. He went on to say that it is important 
to ensure that the thousands of people involved in the programme understand maturity management 
and that it is the language of the programme; this has taken two years and that they are still not yet there. 
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 whether the programme is on schedule or not, and how their inputs are 
critical to this process. B.12 stated that the first challenge is with policy development to create a vision 
that people can understand and follow, such as design for manufacture. B.5 described that a challenge is 
how people like him and others do not understand what it takes to design and implement the PLM 
environment. In addition those who do understand the associated challenges typically do not understand 
what his needs are. He finished this point by asking whether these dichotomies can be brought together. 

The implications of incorrect, out-of-date or missing information can be significant and the longer this 
continues in the programmeΩs 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 is with maturity management 
which is used to manage the programme status on a naval shipbuilding programme through its lifecycle. 
Maturity management requires programme personnel to populate their maturity status for the various 
information objects on the programme, such as BoM and drawings. This information is then reported to 
provide a status of the programme. Therefore each person who populates and manages this information 
requires an understanding of how it is used in the ETO NPD and what the implications are for not providing 
the correct and up-to-date information. Another example is with providing information used to evolve 
the design, such as electrical information from a navigation system equipment owner which contributes 
to the overall electrical design. If 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 implementation will be impacted by peoples understanding of the 
relationship between information objects, processes and enabling technology. B.11 raised a key challenge 
as being not understanding the PLM toolsets due to the level of customisation employed which has overly 
complicated the PLM technology. B.7 highlighted that a typical challenge is ensuring that people work 
correctly within the PLM environment. Ensuring that people use the PLM processes and toolsets correctly 
to support through-life information integration to meet the needs of the programme is challenging. 
People are required to understand how the toolsets support the business processes and the information 
objectives. 
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B.17 stated that ensuring that configuration management works effectively across people and process to 
manage the BoM is a typical challenge he has experienced with PLM. B.6 discussed how many personnel 
operate by ensuring that they have done their technical task, for example entering the BoM for their 
design, but that is not enough. She added that individuals must be made aware of the relationship 
between their tasks and the overall business objectives. She also stated that as the personnel only 
understand their own scope of work, the chief engineer has the challenge of the overall integration. The 
scale and complexity of ETO programmes means that there are highly complex information integration 
requirements which are required to be supported by integrated technologies and associated processes. 
This is a requirement from the Type 26 case study as discussed in Section 5.4, primarily for the integration 
of the PDM and CAD systems, but also for an interface between the PDM and ERP systems. People are 
required to understand how the toolsets are integrated, such as with CAD and PDM and how the 
information relationships function. They also are required to understand the processes for ensuring that 
the integration functions correctly. This should not 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 planning in ERP. 

The success of the integration is impacted by the long-lifecycle and overlapping phases of ETO products, 
for example the design to manufacture life phases can be spilt across physical design areas at different 
times. This is further complicated by the programme personnel having to understand the relationship 
between information integration and configuration, change and maturity management processes. 

B.10 supported the challenge of personnel understanding the processes and toolsets and its implication 
for through-life integration. He explained that people focus on their own work scope areas and gave the 
example of electrical designers where they believe that as PLM functions well for them, then it should 
work for others. This highlights a lack of understanding of PLM process, 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, long-lifecycle, no prototype, high customisation, various geographical locations 
and scale of ETO products, there 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 functions recruiting 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.17 stated a challenge within ETO product development is that people with varying skills have to work 
effectively together. There are large numbers of people working together in organisations across the 
world but, as discussed in Sections 2.4.5and 2.4.8, ETO products are highly customised, so there is a 
limited number of repeatable process and no prototype. It is therefore difficult for collaboration to be 
improved through continuous improvement of the same repeatable tasks with the same personnel. 

As ETO products have these unique challenges this means that personal have to react to frequent 
emergent challenges and are required to work collaboratively to resolve these issues. These challenges 
include where immature supplier-provided designs have to be integrated with other supplier systems and 
then incorporated into a 3D physical model, all of wƘƛŎƘ ƘŀǾŜ ǘƻ ƳŜŜǘ ǘƘŜ ŎǳǎǘƻƳŜǊǎΩ requirements for 
cost and schedule. Those who are required to work collaboratively can be across geographical boundaries 
with various skills and experience ǊŜǎǳƭǘƛƴƎ ƛƴ ǘƘŜ ƛƴŎǊŜŀǎŜŘ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǇŜǊǎƻƴƴŜƭ ǘƻ ǿƻǊƪ ƛƴ ǎƛƭƻΩǎ ǿƘŜǊŜ 
information is not shared. Impacting design evolution, problem resolution, change impact assessment 
and change embodiment. There 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 
understand 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 supplier updates. All of which has to be understood by the 
programme planning team to manage the cost and schedule commitments. 

B.25 stated that they have a lifecycle phase defined boundary between people within the programme. He 
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 the system design will be brought under configuration control, once the 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 process. B.25 added that the data handover between disciplines is 
not well integrated. He provided an example where the CAD team demand information from system 
designers, whereas a more appropriate mechanism would be for them to get involved themselves. He 
regarded these as organisational barriers. Therefore, the lifecycle phases, introduced to support the 
management of the programme, have presented organisational boundaries which are negatively 
impacting collaboration across the programme. Without effective collaboration the business objectives 
for PLM described in Section 7.4 cannot be achieved. 

Introducing configuration control across these lifecycle bounded phases results in the need to use change 
control to update the design. Therefore the attempts to introduce stability through the lifespan of the 
programme using lifecycle gates, configuration control and change management are required to be 
understood to ensure they do not result in additional impact onto the programme 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 products which are 
described in this section. These challenges were synthesised from the interview responses through 
thematic analysis enabling sub-sections to be created. The analysis of the interviews identified that the 
challenges included those relates to the technology robustness and longevity to support long-life a design 
and build which can be measure in decades. Another challenge is ensuring that throughout this long-
lifecycle there 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 personnel. The creation of a PLM 
system of systems through technology integration and rationalisation to support business objectives was 
also identified as a challenge. The technology challenges are illustrated in Figure 32. 

 

 

Figure 32 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 long-life of the programme and its relationship to the supporting technology. ETO programmes have 
a long design and build lifecycle which relies on PLM technology providing support to the management of 
complicated process and the information. This technology must be robust enough to ensure that the 
functionality and performance meet the needs of the programme. It must also evolve throughout the 
programmeΩs lifecycle to ensure that it does not become obsolete and can be upgraded with the latest 
functionality and IT architecture. The same core PLM technology systems such as CAD and PDM are used 
throughout the design and build programme which can be decades in some instances. Building a class of 
Naval Ships for example can take 30 years with the first of class alone typically 15 years. There are 
business-critical technologies which are extremely difficult to replace within this lifecycle, therefore, it 
must be maintained and aligned with technological advances and an upgrade strategy from the vendor. 
A well-established example is with the CAD system where migrating from one CAD system to another is 
extremely difficult due to the proprietary data models limiting conversion from one CAD tool to another 
[164]. Moving from one CAD version to another can have also have significant implications to the 
programme due to the data model differences incorporated into the version which may have unknown 
implications. An illustration of this challenge is with the failure in the Airbus A380 programme between 
version 4 and 5 of their CAD technology, Catia, leading to significant delays and billions of lost revenue 
[165]. Therefore there is a reliance on the ETO programme for PLM toolset vendors to have long-term 
commitment to their products and also that they have quality control relating to version management. If 
PLM toolsets are changed for any reason, such as commercial difficulties with the vendor, quality concerns 
or toolset obsolescence this would result in costly and risky translations into a new format. 

B.12 provided an 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 in the production 
environment had compatibility difficulties with the CAD systems. B.3 specifically highlighted the 
challenges between transferring data between CAD systems in ETO products. He elaborated the challenge 
of accessing data many years later and importing this legacy data into their latest product development 
systems. Other examples include those stated by B.26 where they would make a design change, then 
often found it difficult to export the information properly into customer or partner systems due to their 
in-house, customised, proprietary toolsets. B.20 also highlighted this point stating that challenges can 
commonly be related to version consistency across the supǇƭȅ ŎƘŀƛƴΩǎ IT systems. B.11 spoke of the 
difficulties of moving to new technology due to the level of customisation employed in their legacy 
toolsets, and how they are now no longer supported by the vendor. ETO products can be significantly 
affected by PLM toolset vendors changing or retiring their products while they are being used to support 
long-term complex design and build activities. It is extremely difficult for an ETO programme to change 
toolsets during its 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.19 stated the importance of flexibility within the PLM technology to ensure it can be configured to meet 
the emerging needs of the programme and the objectives of the business. He added that it must be 
adaptable to support the new ways of working which people have not thought of yet. B.19 supported this 
need and used the terms Ψadaptable and flexibleΩΦ ¢hese are important points as the level of customisation 
of the technology must be kept to a minimum or it further restricts the flexibility of the toolsets to support 
the programme. An example is that upgrading to the latest versions of PDM software becomes more 
difficult with more customisation. Another example includes when customisation of ERP software has 
impacted the maintenance of the toolsets [166]. 

B.2 described the challenge with integration between the CAD and PDM systems which was identified as 
a key element of their transformational PLM implementation. He stated that when they implemented the 
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integration, there were lots of errors when the data was published from CAD to PDM. The reasons for 
these errors include data quality where the technology interface will reject CAD data which does not meet 
the criteria for use within the PDM system. Due to the large volumes of CAD data in ETO products such as 
equipment, steelwork, piping and HVAC, the publishing of information across the interfaces can be 
extremely challenging. These challenges include implementing IT architecture to manage the large 
volumes, capturing, understanding and resolving the publishing failures and managing the updates and 
republishing caused by design evolution and the emergent changes in the design. 

B.23 identified one of the biggest challenges they faced is a demand for customising the toolsets to meet 
their objectives, which is a massive overhead. He emphasised the importance of building stability into the 
technology. B.10 explained that software providers do not have sufficient understanding of ETO 
businesses to provide solutions that satisfy all of the functional requirements of the ETO programme. He 
elaborated that the solutions the software providers propose are not appropriate for complex 
environments. The challenge of external PLM software providers not understanding the ETO products 
requires those in the internal ETO business to configure their processes and the technology to meet the 
business objectives. This requires working with the software providers to balance their toolset capabilities 
and to understand the needs of the programme. This includes toolsets that are stable, easy to use and 
have the necessary performance to manage large datasets. 

The robustness and longevity of the PLM technology 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 to the scale of ETO 
products, the evolving maturity, and emergent change, sharing of information across technologies will 
involve huge quantities of engineering data which constantly changes. Therefore if the technology is not 
robust and this sharing fails, it will have a significant impact on the programme schedule and therefore 
increase costs. The causes of these failures, such as IT infrastructure not coping with volumes or 
information quality issues resulting in errors, must 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 products, the technology implemented becomes excessively 
complicated to be used effectively by the personnel on the programme. ETO products are complex and 
as a result have a business architecture which contains thousands of processes, policies, standards and 
other guidance used to meet the business objectives. The PLM technology such as CAD, PDM or ERP must 
have functionality that supports these business 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 large-scale, manage significant volumes of information and used by many 
thousands of stakeholders from various business functions throughout the long-lifecycle.  

B.11 described how the output from their PLM environment to their customer is more complex than it 
needs to be. B.3 described a challenge he experienced when they refined the toolsets to specifically satisfy 
their requirements which resulted in a more complex environment. This complex environment is a result 
of implementing technology 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 implementations being overly 
complex. B.26 discussed how the size of their programme was a challenge with different variants and 
design streams which needed to managed from the same PLM systems. He used examples of international 
export orders for their ETO products which all have to be configured differently for their specific 
requirements. Variant management in ETO products is difficult due to the complexity of the products. 
Each requirement change for a baselined design has consequential implications which are difficult to 
understand and manage due to the scale of the information, its interconnections and the complexity of 
the design. B.26 explained how this will be managed in their PLM environment which will have to be 
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configured to suit these objectives. Consequently, balancing simplicity of the PLM environment with that 
of a complex business environment is challenging. There is an additional challenge relating to adapting 
the toolset to meet business objectives which is due to the emergent development challenges of ETO 
products. When there is a new PLM implementation on a customised, large-scale ETO product, there is 
inevitably new functionality which has to be introduced at short notice which may not have been captured 
in the PLM strategy. Therefore when these technological improvements are introduced, procedures must 
be in place to ensure that they meet the business objectives and are not knee-jerk reactions to solve 
emergent programme challenges, which may lead to customisation and complex toolsets. B.19 stated 
that the cycle time of change within the toolset is not aligned temporally to meeting business needs and 
added that they need to improve the agility of the development, rollout and testing. 

There is a danger that the PLM technology environment becomes excessively complicated as the 
technology providers attempt to meet the requirements of the business. If programme personnel cannot 
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 out-of-date or unavailable to other stakeholders. The effect on the programme can be 
considerable as up-to-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 the variant will rely on the 
emergent information from the reference design being up-to-date. Therefore there is a challenge with 
balancing the supporting of business technology requirements, with ensuring that the technology remains 
simple enough for the programme personnel to use. 

7.5.4.3 Creating a technology system of systems through integration and 
rationalisation 

The objective of reducing information duplication and increasing quality as discussed in Section 7.4.1.2 
relies on technology being 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. Whilst a minimal number of PLM technology is advantageous, there 
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, CAD for 2D drawing creation and 3D modelling, PDM for managing the product 
information and ERP for managing planning, supply chain and manufacturing execution. 

ETO products require technologies which must manage millions of data items, many of which are utilised 
across toolsets throughout the lifecycle of the programme, as shown in Figure 3. B.13 stated that when 
managing the definition of the product, there are always different toolsets and they are specialised for 
different reasons, all of which must be understood. In addition, as it is not possible, or preferable to have 
a single monolithic tool, it is necessary to understand the interfaces. He also stated that their PLM systems 
are challenging and ever changing and that they struggled to define them at the outset and to manage it 
accordingly. He elaborated this stating that they do not manage and align those expectations and, as a 
result, there is a level of frustrations directed at IT support and integration to the point the toolsets are 
retired. 

0 stated that a lack of appropriate integration would cause data accuracy issues and cited an example of 
a major ETO project he was involved with where there was a lack of integration across key technology 
systems which caused significant problems. He also stated that he has seen improvements recently with 
integration between CAD, PDM and ERP systems eliminating manual translation and reducing data 
integrity issues. B.16 also described experience of a lack of system integration, specifically with CAD and 
PDM misalignment and how they incurred significant cost to create a team to align the data. This was 
further supported by B.14, who described experience with data alignment across CAD, PDM and ERP and 
how that was a typical PLM challenge for 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 described how their current environment is an amalgamation of different 
systems and while work gets done, it is not integrated and there is a considerable amount of manual effort 
required. B.19 stated that for their CAD and PDM integration, they are linking two tools which were not 
designed to work together so the ǎƻŦǘǿŀǊŜ ǾŜƴŘƻǊǎ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ŀ ǎƻƭǳǘƛƻƴ ǿƘƛŎƘ Ψǎƛǘǎ ƻƴ ǘƻǇΩ because 
the design principles which a CAD tool has, may not be compatible with the PDM system. He added that 
there is always a compromise in how the toolsets are integrated. 

These toolsets are specialised and have been designed to perform specific functions throughout the 
lifecycle and cannot be achieved with a single solution. Often these technologies are from different 
software providers and are long established in the ETO business, so have not been designed to be 
integrated. There will be difficulties with ensuring that the PLM technologies are viewed by the business 
as being as a system of systems to support the ETO programme objectives, and not as independent 
toolsets performing specific functions. 

CAD and PDM integration is common amongst many product types, but ETO products have different 
information management requirements due to the large-scale design. The information includes structural 
steelwork, large systems of pipework and HVAC. They also have sophisticated customised equipment with 
integration requirements which are often unclear during the design phase, such as immature power or 
cooling requirements. Specialised CAD tools are utilised, which often do not have a pedigree beyond the 
CAD design elements of ETO products. For example they do not manage configuration and change 
effectively, and do not integrate well with systems that do have this functionality, mainly the PDM system. 
Therefore, when seeking to implement a PLM system of systems, there is the challenge of integrating 
technology which has not been designed to be integrated. 

B.15 stated that it is not just CAD and PDM toolsets which requires integration, but other technology 
systems across the lifecycle of the programme. B.18 supported this 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 development, and a design-for-safety tool. These toolsets 
have differing integration levels which have to be understood and mapped. She added that there is good 
integration between some, and less so for others. 

The level of integration between the technologies should align with the needs of the programme; as some 
ETO products require a greater degree of integration than others due to the level of complexity of the 
product. B.22 highlighted that they have two FOC shipbuilding programmes, one of which is of far greater 
complexity than the other. The financial overhead one programme can afford in order to meet its 
objective is greater than the other. Therefore the levels of integration must be reviewed and agreed for 
each programme to ensure it has the necessary means to maintain the integration. 

B.23 stated that they have suffered due to the effort and considerable time it has taken to move from 
their legacy toolsets to COTS technology, and that this is reflected in the cost and schedule estimates. He 
described the impact that this has resulted in them not being able to improve their new PLM capability as 
their resources are still focussed on the migration from their legacy environment. Therefore, there must 
be sufficient planning and controls implemented to manage the migration project to ensure that business 
improvement can be maintained. As ETO programmes have emergent challenges, mechanisms should be 
implemented to ensure that available resources are only working on technology initiatives that relate 
directly to the business programmes. 

Understanding that the PLM technology is a system of systems is important; otherwise there will be a 
focus on individual toolsets as opposed to their overall integration. B.27 for instance, stated that they 
view the PLM environment as tool-centric and that for them it is the PDM system. He agreed that he 
knows it is more than that, but it is the capabilities of the PDM system which is important to him, such as 
the development of the product, document control and management of supplier information. This single 
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PLM system viewpoint is a challenge, because if the overall systems of systems approach including 
technology interfaces, information and processes, is not understood, it will encourage a stovepipe, 
disparate view of PLM resulting in difficulties throughout the lifecycle of the ETO programme. 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.19 raised the challenge of forced, changing working practices due to the integration of systems as this 
dictated certain practices to be used due to the interfaces requiring certain criteria to be met before they 
will work effectively. B.8 highlighted that every business improvement they put in place can be enabled 
but also constrained by whatever toolset they have. This loss of freedom, which presents a challenge to 
the people, process and information approach to the programme, can also be used as leverage to force 
improved practices. An example is that, prior to the improved integration of technology systems, poor 
data quality or unauthorised immaturity may have been used in downstream systems, which may impact 
the overall programme. Therefore, technology integration may be an enabler and support the resolution 
of significant challenges with the successful implementation and utilisation of PLM to meet business 
objectives as discussed further within Section 7.6. 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 stakeholders throughout 
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. 
The large volumes of information and complexity of ETO products result in challenges with understanding 
the level of integration required. If the integration exceeds the limit of the businesses ability to manage 
the information, or is greater than the toolsets capability, then there will be an unsustainable level of 
overhead. This includes managing the information integration, the software interfaces and the IT 
infrastructure. Due to emergent challenges there will be new requirements for information integration 
that will be identified throughout the lifecycle of the programme. This may 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 shown in Table 10 in the Section 7 introduction, the interview question 5 was used to 
capture what improvements the interviewee would make to their PLM environment and why. Questions 
6 and 7 were used to prioritise the improvements in terms of impact and effort if there were a number of 
improvements identified by the interviewee. This was used in the thematic analysis to determine what 
improvements had the greatest significance. Question 8 was used to capture how the implementation of 
the improvements could be better enabled. 

Question 12 was used to capture how the challenges which have now been identified by the interviewee 
could be overcome. This approach was used to capture any further enablers that the interviewee may not 
have considered in Questions 5, 6, 7 or 8 as they may not have yet identified 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 relate to Information (Section 7.6.1), 
Process (Section 7.6.2), People (Section 7.6.3) and Technology (Section 7.6.4).  
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7.6.1 Information enablers 

This section describes those information enablers for the implementation of PLM on ETO products which 
have been synthesised from the interview responses through thematic analysis. This enabled subsections 
to be created which describe the information enablers which include the development of 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 expertise within a dedicated cross functional team. The development of a 
data quality and governance policy, team and adherence approach was also identified as an enabler, as 
was the development of configuration and Change Management approach across an ETO product and its 
variants. The information enablers are illustrated in Figure 33. 

 

 

Figure 33 Information enablers 

7.6.1.1 Develop policies to capture what information is required and how it will be 
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 important and to whom. An agreed set of policies should be identified, created and managed for the 
ƛƴŦƻǊƳŀǘƛƻƴ ƻōƧŜŎǘǎ ŀƴŘ ǘƘŜƛǊ ŦǳƴŎǘƛƻƴ ǿƛǘƘƛƴ ǘƘŜ ǇǊƻƎǊŀƳƳŜΦ /ƭŜŀǊ ƻǿƴŜǊǎƘƛǇ ƻŦ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ƛǘΩǎ 
required to meet business objectives should be established. B.24 stated ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ΨōƻƛƭƛƴƎ ŘƻǿƴΩ 
the information to understand what is the status of the programme so that risk, safety and schedule status 
can be understood, and allow him to articulate this appropriately to his customer. He asserted that an 
improvement to their PLM environment would be to make the data more digestible which would allow 
better decisions to be made more quickly. He cited an example of a dashboard that shows the status of 
the information in terms of key risks such as with the schedule. To support this improvement, there must 
first be an understanding of what information is required amongst the volumes produced in ETO products. 
B.18 described the importance of understanding information and its impact on the programme. She 
provided examples of what appears to be a change to the product which initially has little impact but may 
actually have huge repercussions. She suggested that guidance is required to help people understand the 
implication of changing the information and its effect on the products. She provided another example of 
a weight related design margin where the location of an equipment item may have a significant effect, 
and that when an investigation of the impact of the change is undertaken, even though it has taken a long 
time, the results may not be correct. She added an example of a complex change where one team raised 
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changes to electrical data. The electrical team then responded to say that there was not enough power. 
This in turn lead to a bigger change which had a major design impact, with the HVAC team stating that it 
had broken their design assumptions in an area. She commented that they did not have the prompts in 
the system to get a correct impact assessment, and that there is a need to improve the identification of 
the interconnections between the information impacted by the change. She stated the importance of 
being presented with the right information on the change, which would allow it to go through the change 
management system quicker and highlighted that, standardising the change impact approach would 
reduce the time taken to process it. 

If a policy was created to capture the information that is important then this could be used not only to 
aid the stakeholders, but also to add valuable attribution to the objects within the PLM environment 
stating the importance of the specific artefacts. An example is with a part which is identified as an 
important element within a navigation system of a ship, which would aid identifying whether a change 
will have a significant impact or not. Attribution within a PDM system is common place, the key enabler 
is the policy which identifies what information is important. 

B.18 also stated how reports are important to her to understand the impact of a change. If the information 
identified in the policy is applied to the technology, then report generation from the toolsets can be 
configured to provide the information required by the programme. B.17 identified product change and 
an accurate understanding of its impact on the supply chain as an improvement to their PLM environment. 
He added that they also need to understand what the supply chain business function is required to do in 
order to support the change. Therefore, the impact of change in the design will need to be understood 
across the programme functions. Supply chain have a particular challenge in that they need to go to the 
market to procure the materials required to support the product. As ETO 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 sourced. Therefore, an 
accurate understanding of the product information and the change implication is critical, especially due 
to the bespoke nature of the ETO product. Consequently, the supply chain may have to seek concessions 
from the engineering community when material specified by the engineer cannot be sourced but a similar 
item can. 

B.1 described how he believes that there is a disconnect between the engineering and supply chain 
business functions and that an improvement to the PLM environment is that of improved integration 
between these two functions in the programme. He cited an example: when supplier information is 
provided into the programme, he requires an understanding of how mature it is from a ǎǳǇǇƭƛŜǊΩǎ 
perspective, for example, is it used in other programmes or is it developmental and is therefore a risk to 
the programme as it may change. This can have a significant impact on the programme as this supplier 
information is used in the design and integration of the product and changes due to supplier immaturity 
can have a significant effect. Therefore, the policy must provide guidance on not only what information 
is required, but also guidance on maturity and how it relates to the interconnections across the 
programme. 

ETO products can be hugely complex and, as described in this research, an understanding of what 
information is important and how it interconnects to each other is challenging. To enable the information 
objectives of the product and to overcome the challenges with providing this information, requires a 
policy to be created which helps the programme stakeholders understand 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 
change management system. B.5 supported the importance of identifying what 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 difficult. Due to the large volume of BoM information in ETO products, 
understanding the implication of its growth is difficult. The policy should provide guidelines to the 



  

 

  141 

 

stakeholders about what information is important and any change needs to be articulated to those who 
consume the information and those who manage the overall design, cost and schedule. 

B.24 described how important it is to understand what information other stakeholders require. He 
provided an example of the electrical design team requiring information from others on their electrical 
requirements. He also gave an example of the combat design team not understanding the implications of 
weight to the product design. He stated that they are effective at entering information into the PLM 
environment, but they do not put the right information in to help others in the programme. The overall 
programme team does not always understand what is missing. Consequently, not only will the policy help 
in providing information relating to identifying implications of a change, but it will also help in the design 
process to aid with evaluating what data is missing or insufficient to meet the requirements of the 
stakeholders. Therefore, the policy must be aligned with the information requirements of the programme, 
how the information should be captured in the toolsets, an appropriate business intelligence reporting 
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 the capturing of product information with the programme 
management requirements to support its presentation in a form that the senior management team can 
understand and use. He questioned whether the product information and its use for programme 
management are close enough and whether they understand what information can be used for this 
purpose. He also stated ǘƘŜ ƴŜŜŘ ŦƻǊ ŜƴǎǳǊƛƴƎ ǘƘŀǘ ǘƘŜ ΨƭŜƴǎΩ ƻƴ ǘƘŜ ǇǊƻƎǊŀƳƳŜ ƛǎ dynamic enough to 
meet the needs, not just of today but in a few ƳƻƴǘƘǎΩ ǘƛƳŜ, when the programme 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 provides the management 
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 enable an Engineering Bill of Material (EBoM) to be created which 
can be have emergent change applied efficiently. 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 value amongst the large volumes will assist with providing 
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 on the design. It will also enable the impact assessment to be more 
efficiently processed by the correct personnel. What may seem as a simple change to one discipline, may 
have a significant effect on another. Examples are within the engineering teams where an electrical 
change on an equipment item placed in a physical location in a naval ship may have a significant effect on 
the overall electrical design for that area. This may result in a significant redesign and additional power 
generation required, which may have a consequential impact on weight management to meet customer 
requirements and spatial design where there may be no room for the additional equipment. 

The interconnections between the information will include other disciplines such as manufacturing 
planning and supply chain where 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 managing the information interconnections and 
emergent change. This understanding will also assist with educating the programme personal in providing 
updates to the information which is particular value to the programme, therefore assisting with 
understanding where there is missing or out of date information. These policies will enable a more 
effective business intelligence strategy as the reporting can be focussed on appropriate information at 
the relevant programme lifecycle, concluding current programme position and forecasting the status in 
the coming months and years. 

This supports the need for a policy to understand what information is required, not only for product 
design and change management, but for all stakeholders in the ETO product throughout its 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 how a dedicated cross-functional 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 overcome. It will also ensure that the information-related policies 
and procedures will be adhered to across the extended enterprise of the ETO programme. 

0 stated that 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 different PLM technology 
systems. He provided examples of aligning common information which is used across the lifecycle of the 
programme, including CAD information, with that within the PDM system and that used in the in-service 
support environment in order to provide a through-life solution. B.15 agreed with the through-life 
approach to information integration but he stated that he would like to see improvements with 
downstream integration so that the focus is not just on the design, but includes the manufacturing and 
in-service support elements as this would provide improved customer satisfaction.  0 highlighted that the 
management of this master record is critical, and that this must be embodied in the technology systems 
to ensure that it is a cradle to grave solution with appropriate business rules and interfaces applied and 
that third-party software vendors are appropriately engaged. B.14 supported this view stating that an 
improvement to his PLM environment would to align the key data that the business requires with the 
relevant technology integration. He provided an example of a previous programme where there were 
information alignment issues which incurred significant cost to the programme, specifically between the 
CAD and the PDM system. This resulted in action to resolve the misalignment and resulting data quality 
issues as the information was passed to manufacturing. He described how there needs to be a more 
proactive approval to ensure the information is fit  for purpose for manufacturing, and added that they 
have experienced ǎƛƎƴƛŦƛŎŀƴǘ ΨǇŀƛƴΩ ǿƛǘƘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǿƘŀǘ the correct information is in what system. 

B.26 stated how an integrated information environment would be a significant improvement for them, 
how highly he regards the BAE Systems iBoM, and how the information is captured from suppliers for 
improved population into the PLM environment. This is described further in the Type 26 case study in 
Section 5. B.10 stated that he would like to see an improvement in the way that PLM information is related 
to maintenance management. As a consequence, the information used to design and build the product, 
must also be used for maintenance both within the build lifecycle, e.g., for maintaining equipment fitted 
but not yet in-service, with that of the information provided for in-service support. 

B.27 stated that an improvement to their PLM environment would be the upfront design of the PLM 
system itself ς they have experienced problems in the past when not enough attention has been given to 
the design of the PLM environment. A dedicated PLM team with SQEP personnel from the business 
functions would enable these improvements and those described above to be managed effectively. The 
team should have the experience from previous programmes and across industry to understand the 
objectives and challenges to produce policies for the information as described in Section 7.6.1.1. They 
should also be able to understand the Learning from Experience (LFE) from within the programme, 
previous programmes and across industry and academia and will have the dedicated time and resources 
to undertake these activities. The team should be cross-functional to ensure a complete understanding 
of the interconnections of the information across the functions. They should be able to produce the 
requirements for the technology development and resultant reports to support the policies and ensure 
they are adequately tested and validated. Adherence across the extended enterprise of the programme 
should be ensured and support provided when there are issues with the information. 
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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 objective in Section 7.4.1 and there are significant 
implications to the success of the ETO NPD if this is not appropriately managed. 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 programme. To support this objective a policy to manage the quality of 
the data, its governance and also to ensure adherence of the policy is required. 

B.2 raised data quality as an improvement to his PLM environment to meet their business objectives. He 
stated that when they went live with their integration between their CAD and PDM systems, there was a 
considerable amount of errors when the data was published. He described the rules in the interface which 
will stop data publication if there are non-conformances, and these should be validated at source. He 
stated that they should have put mandatory coding into the CAD system to stop the data being published 
rather than letting the interface deal with them. As ETO products have huge volumes of data items, 
including equipment, pipe spools, steel piece parts and 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 the PDM system and its spatial integration in the 3D model on the CAD system. Due to the 
complexity of ETO products and their scale, if data quality is not managed, then significant issues will 
occur with the interface such as publishing failures between the two systems. This is compounded by the 
level of emergent change which will have a subsequent effect with CAD/PDM, for example, large volumes 
of data may have been published from CAD to PDM which may then have to be republished due to product 
change. A close relationship between data quality and the level of maturity of the product is required 
before CAD to PDM publishing commences, which should be captured in the data quality policy. 0 stated 
the importance of master record management with integration, which is important to understand where 
the master source of the data resides. As discussed in Section 7.4.1.2, there is a PLM objective to manage 
a single point of truth of information even though it is used in multiple PLM systems by various business 
functions. The master data is where the point of truth of the specific information resides. 

B.3 stated that there is a relationship between data quality and user adoption as there are issues with 
quality which impact PLM toolsets and processes which will have an effect on its successful use. Due to 
the large volumes of data which require quality management, a team with the appropriate resources 
should be created to manage the approach to data quality. This team must understand the interfaces 
across the PLM systems of systems, and put in place a policy to ensure that data can be published to meet 
the needs of the programme. This policy should include where the master data resides and what form of 
validation should be enabled for successful publication and consumption by the programme. Appropriate 
business intelligence reports should be created in order to understand the success of the data quality 
publication and also to aid in the resolution 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 systems. The data quality team will assist in overcoming those 
information challenges identified in Section 7.5.1.2 and in enabling improved resilience of the key 
information required by the programme. The data quality and governance approach will be supported by 
the other enablers described in Section 7.6. 

7.6.1.4 Develop a configuration and change management approach across ETO 
product classes and variants. 

This section considers overcoming the unique challenges of ETO products by developing a configuration 
and change management approach which meets the objectives discussed in Section 7.4.1 and overcomes 
the challenges discussed in Section 7.5.1. This approach should include a single product 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 are closely linked to change and configuration management as there is an 
overhead to constraining the design into change management. When configuration control is applied and 
the design enters change management, any updates must firstly be approved by a change board. Due to 
the large volumes of data in ETO products and the emergent challenges which will occur, this can be a 
time consuming and resource intensive activity. Each change must be thoroughly investigated to 
determine its impact. This requires identification of the affected items which are related to the change 
objects. Typically, the market leading PDM systems, ǎǳŎƘ ŀǎ t¢/Ωǎ ²ƛƴŘŎƘƛƭƭ ŀƴŘ {ƛŜƳŜƴǎ ¢ŜŀƳŎŜƴǘŜǊ, will 
have configuration and change management integrated with the product artefacts, enabling automatic 
configuration lockdown or unlock after the approval of the change. This has a further impact on the 
product development process; if mistakes are made, for example affected items being missed through 
the change lifecycle, then they will have to be revisited which will incur further delays resulting in schedule 
and cost implications. 

B.18 stated how important it is for her to understand how the various design artefacts are affected by a 
change; this can often take days and how they are always missing things. She enquired whether there is 
a way for the technology to help a person understand what else could be affected; this could be very 
helpful if a solution was found. The challenge with this request is that while technology could identify the 
relationships of the objects within a change, it would be difficult to design technology which would 
understand the implications of the change in terms of its interconnections, as this would require some 
form of intelligence to replicate the knowledge required. There must therefore be a balance between 
technology, process, people and information management when applying configuration and change 
management. 

B.13 described how the change process must be easy to use and achieve the balance between maintaining 
configuration control through change management. If it is overly complicated then it impacts the 
flexibility and speed of response from the programme. Therefore, developing a configuration and change 
management approach across the ETO product is critical. B.13 explained that the change process works 
until change is embodied into the product design. He stated that ownership of the end-to-end change 
process is required due to the multiple functions involved in its execution, for example engineering, 
quality, manufacturing and programme management. 

B.16 stated that 60% of programme cost resides in the supply chain and a huge amount of data comes 
from suppliers. He added that it is important to understand that the design is integrated with the 
suppliers, and that the programme must ensure that they can manage and understand change across the 
business functions. Therefore, with configuration and change management, the approach must include 
ownership of the process and ensure that it provides guidance on the responsibilities and 
interconnections of change across all the functions in the programme. B.8 stated that managing multiple 
configurations of a product to assist with the design development and decision making would be very 
advantageous. The management of design variation is important not just in the context of a single product 
but also with the winning of new orders such as with export market opportunities. 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 well-researched topic, ETO products have specific 
challenges which require careful consideration. The change and configuration management approach 
must align with the other enablers discussed in Section 7.6.  For example, the policy regarding what 
information is required by the programme, as discussed in Section 7.6.1.2, will greatly assist in the 
successful execution of the configuration and change management approach by helping to identify 
important product artefacts and their relationships. The approach will also be supported by the process, 
people, and technology enablers discussed in the following sections. The approach must also ensure that 
the baseline point for configuration and change control supports the evolving product and does not 
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constrain the programme into costly and time-consuming change management too early. An example is 
with a FOC naval ship which may require configuration control to be delayed later 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 activities. An example is with a 
pipework system in a naval ship build programme: the system designer is updating the 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 previous design. 

7.6.2 Process enablers 

This section describes those process enablers for the implementation of PLM on ETO products which have 
been synthesised from the interview responses through thematic analysis. This enabled subsections to be 
created which describe the process enablers. These enablers include the ownership of PLM business 
processes, their development, standardisation, learning from experience and adherence using suitable 
expertise within a dedicated cross functional team. Ensuring guidelines and governance over process 
complexity to ensure they are simple and usable is another enabler as is mandating the utilisation of PLM 
processes internally, to partners and the supply chain. The process enablers are illustrated in Figure 34. 

 

 

Figure 34 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 business processes used to support ETO NPD should have appropriate ownership for 
development and maintenance to support the various business functional activities that they represent. 
The processes should also be standardised to support the various interconnections of the business 
functions to ensure that disparate processes which only support individual programmes or activities are 
not created. A dedicated cross functional PLM team representing the business functions will enable both 
ownership and development of the processes but also integration with the other business units. This team 
will also ensure adherence within their own business functions and target any disparate processes which 
do not support the PLM objectives of the business. Ensuring that learning from experience is captured 
from within the programme, any legacy programmes and across industry and academia will also be 
enabled by the team. 
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B.14 stated the importance of ensuring that the PLM strategy is not driven by an individual programme 
but spans all programmes within the business. He added that they have used PLM differently across a 
number of programmes as each is tailored to individual programme needs. They typically start PLM from 
ΨǎŎǊŀǘŎƘΩ ŦƻǊ ŜŀŎƘ ǇǊƻƎǊŀƳƳŜ ǿƛǘƘ ǘƘe resulting effect of having a slightly different PLM system for each 
programme. He stated that PLM should be owned by the business and not driven by the programme, but 
with a central function managing PLM. There should be standardised business-wide processes and 
technology which will drive consistency with the way people behave and will assist in eliminating data 
quality issues experienced by the programme. He provided examples of how, across programmes, people 
bring their own ideas which results in variations in the processes, technology and in the designs 
themselves. As a result of these variations, the business does not always get the benefits from translating 
design content from one programme to another and that, accordingly, people become frustrated. He 
provided further examples that if there is standardisation of PLM across the business then it would reduce 
the time to undertake tasks, resulting in improved schedule adherence and making the business more 
cost effective. He also described how the requirement for training would be reduced if there was 
standardisation across the business as more process variation usually means more training. 

In order to ensure standardisation across the business, a cross functional PLM process team with the 
appropriate authority and SQEP should be created. This will include process development, ownership, 
ensuring adherence and also providing central communication to the technology providers to ensure that 
requirements meet whole business objectives and not just those of the individual programme. This will 
reduce technology variations across the business resulting in reduced customisation, lower risk to the 
programme and will enable the IT function to better focus their resources on the key business 
requirements. 

B.13 described how an enhancement to their PLM environment would be to have improved team 
integration with different functions embedded within teams to advance the way they work together; this 
would also enable quick access to the right skillsets.  The ETO product is complex so there are skilled 
resources which support the various processes across the functions, such as system design engineers, 
detail design engineers, supply chain professionals, programme managers, finance personnel, 
manufacturing planner, manufacturing engineers, test and commissioners and in-service support 
engineers. Having representation from these functions would assist with the success of the PLM approach 
by ensuring that the processes and enabling PLM technology meet the needs of all functions across the 
lifecycle of the product. 

A central PLM team was also supported by 0 who stated that to resolve the issues associated with PLM 
delivery, it would be beneficial to have a centralised team to provide PLM administration, standardisation 
and ensuring it is consistently practicable. He added that they would provide economies of scale where 
the overall programme would benefit by utilising key resources centrally to leverage their skillsets to meet 
programme objectives. He also stated that this central team can be used to enable learning from 
experience and that; ultimately, centralisation would provide benefits which ensures that the same 
problems are not repeated, which has been the case on previous programmes. He cautioned that this 
may be seen as empire building by some, but that can be mitigated by gaining buy-in from across the 
organisation, not least by explaining the benefits centralisation will bring. 

A.14 stated that they do not have a surplus of resources who have the knowledge and experience in the 
PLM processes and technology and that it is difficult to recruit SQEP due to the unique nature of their 
product and its complexity. He questioned whether external resources would understand the difficulties 
with their product and whether they would understand the processes. Internal skilled resources however 
have other demands placed on them to meet the challenging programme schedule and that they often 
rely on resources for the PLM implementation that have other responsibilities. Therefore there is a lack 
of dedicated focus on the PLM implementation from these skilled resources. He speculated that their 
organisation does not do enough to establish the relationship between the issues and the technology 
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requirements, causing difficulties with implementing a solution into the PLM environment which 
addresses these requirements. The solution is typically implemented whilst undertaking the product 
development activities. Having a dedicated PLM team would enable the focus to be on the PLM 
implementation without being distracted by other activities. There would also need to be a balance 
between replacing these skillsets and building up experience in other team members. 

B.10 described the difficulties with using the technology providers to assist as they do not understand the 
requirements of the ETO product, they have a very IT approach, and they focus on selling their products. 
B.3 stated that an improvement to their PLM environment that meets their business objectives, would be 
to use PLM earlier in the lifecycle, however it must be appropriate to the needs of the programme and be 
scalable to support business processes with the necessary control. The dedicated SQEP PLM team would 
provide this improvement by introducing repeatable processes and enabling technology proven in 
previous programmes. This team would have the necessary skills and experience from across the business. 
B.2 also supported the use of a dedicated PLM team. He stated that his organisation has process owners, 
but that they also undertake ETO product development activities, so will not have the capacity to create 
these processes. He added that they overcame this challenge by creating a central team which creates 
and maintains these processes, in alignment with the core PLM architecture and principles that can be 
explained to the business. The dedicated process team would be within the same PLM organisation as 
those described in Section 7.6.1.1, 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 of ensuring that processes deliver business objectives but are not overly complicated was 
identified as the only challenge relating to processes, as discussed in Section 7.5.2.1. 0 stated the 
importance of ensuring simplicity with the processes, for example ensuring that electronic workflows in 
the PDM system are not technology driven with vendors directing the solution. He added that if a 
dedicated PLM team is created and there are integrated processes and systems with a master record 
approach, then this will assist with process simplicity. B.16 cautioned that the business should not be too 
prescriptive and that flexibility is required to assist with the complexity of the programme. B.7 described 
how there is a need to ensure that there are no local approaches to using PLM as that may result in quality 
issues resulting in a lack of information required to understand the root cause. He added that PLM can be 
used to mandate how the business operates. 

B.14 stated they must not have processes which are too onerous, for example where electronic workflows 
are too complicated. He added that they keep the processes simple and endeavour to continue to do so. 
B.2 also highlighted how they made their electronic workflows in their PDM system too complicated and 
prescriptive as they believed that everyone would use the same workflow. This led to it becoming too 
large to support all the process variations and that if something went wrong in the workflow it was difficult 
to fix. He described how they had to completely reengineer the workflows to make them simpler and 
easier to support, with the key being to keep things simple. As shown from the interview responses 
discussed in Section 7.5.2.1, there was evidence to demonstrate that due to the complexity of the ETO 
product, processes are created which reflect this complexity, and subsequently make them unusable. A 
balance must be struck between ensuring that the processes are robust and meet the business needs but 
that they are also simple, usable and are easy to understand across the large number of personnel in the 
programme from various functions and backgrounds. This simplicity will also aid with ensuring that those 
electronic workflows, which are based on the business processes, can be maintained and are flexible to 
meet the emergent needs of the programme. Therefore, there should 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 minimum advantage to the ETO NPD if PLM processes are created to support business objectives 
but these are not made mandatory for use by all those involved in the extended enterprise. B.21 used a 
supplier perspective to describe how important it is for suppliers to understand the programmeΩs maturity 
management approach and the relationship with the product information they provide. The information 
provided by suppliers is used to progress the evolution of the design and often this is at various levels of 
maturity at different life phases in the programme depending on the level of customisation, as discussed 
in Section 2.4.5 

He stated that, as a supplier they want more knowledge of the design systems their product will interface 
with across the ETO product and how they can help with the integration. This relationship between the 
supplier information and maturity management is an important enabler for a successful PLM 
implementation on ETO products as the suppliers provide technical information used to evolve the 
product development in the programme. To ensure a successful maturity management approach key 
suppliers, especially those for critical design systems, should understand how the information they are 
providing is being used by the programme to reflect the maturity of the product. 

B.26 described how he would start from the beginning of the programme and ensure that the contracts 
have clauses stating that stakeholders and relevant suppliers must adhere to the PLM approach. He adds 
that it should be stipulated that they must use the same integrated environment and that they cannot 
subsequently create their own technology systems. This is an important point to assist with the objective 
of a single point of truth discussed in Section 7.4.1.2. 

As there are many stakeholders in ETO programmes, having contractual obligations is important to ensure 
the prevention of disparate, unintegrated systems, with the resultant information quality issues. In 
conjunction with the contractual obligations, the stakeholders must also be supported by the PLM team 
who can provide support and help to ensure buy-in of the programmeΩs PLM approach. The PLM team 
can also aid with assuring that adherence to the PLM approach is maintained. 

As described by B.21, suppliers would be willing to support the PLM approach if they understood it. 
However, without the contractual obligations, as stated by B.26, there is a risk that when costs and 
schedule impact the delivery to the programme, the stakeholders may fail to follow the PLM approach. 
Having an appropriate balance between supplier engagement and overly constraining them by the PLM 
processes is important. B.17 highlighted the importance of allowing suppliers to innovate to assist with 
the product development process. This would also assist with the collaboration objective as discussed in 
Section 7.5.3.5. 

B.20 stated that they would prefer long term collaboration with suppliers to build relationships and 
highlighted the difficulties with having to go out to the market for each new programme in order to meet 
value for money conditions set by the customer as discussed in2.4.4. He stated a preference for a healthy 
supply chain which is not reliant on their business. Since ETO products have a long lifecycle, there is a risk 
that if a supplier is too reliant on a single programme, they may become insolvent within the product 
development cycle. This would impact the information used to progress the product development as well 
as the final delivery of the hardware during the manufacturing phase. In addition to engaging with 
suppliers on their responsibilities within the PLM approach, monitoring the wider health of their business 
is important. Through this engagement, the skillsets of the supply chain and the wider stakeholders will 
increase, improving the understanding of PLM in the programme. 

7.6.3 People enablers 

This section describes those enablers relating to people for the implementation of PLM on ETO products. 
These have been synthesised from the interview responses through thematic analysis which enabled 
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subsections to be created. These enablers include providing continuing evidence of PLM benefits to senior 
management to enable support and maintain sponsorship. Another enabler is developing and 
implementing a comprehensive 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 enabler was the development of PLM 
objectives, education and support to the business using suitable expertise within a dedicated cross 
functional team. The people enablers are illustrated in Figure 35. 

 

 

Figure 35 People enablers 

7.6.3.1 Provide continuing evidence of benefits to senior management to enable, 
support and maintain PLM sponsorship 

The section relates to the importance of ensuring that the senior management team is fully supportive of 
the PLM implementation through the lifecycle of its implementation and utilisation on the ETO 
programme. Without this continuing support the PLM implementation will be put at risk as people will 
by-pass polices and resort to old or non-sanctioned approaches.  

B.8 stated that if management loses confidence in PLM then it can be seen as an overhead ς the challenge 
is selling the investment and getting buy-in. However he goes on to say that senior management in his 
programme are always emphasising the strength of their PLM implementation and that the benefits will 
be realised downstream in the programmeΩs lifecycle. This support from the senior management team is 
important as initial activities may provide the greatest benefit to other stakeholders later in the lifecycle. 
Without senior management team support explaining these benefits, there is little incentive for people 
who do not directly benefit undertaking the tasks. An example is with the identification of repeatable 
managing processes as discussed in the Type 26 case study in section 5.8. The engineers are those who 
are being asked to capture this information within the PLM environment, but the benefits will not be 
realised until the build phase which is years after the commencement of the design phases. 

B.4 stated that it is important to be able to quantify the benefits of PLM and explain to the key 
stakeholders what the business is getting from the effort applied to its implementation and utilisation. 
The identification and communication of the benefits of PLM is required or people will start to lose faith 
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in the implementation and resort to old way of working, or complain to the senior management team 
that they are not meeting their objectives due to time taken on PLM activities. B.19 described the 
importance of the senior management team understanding the architecture of the PLM environment and 
how it benefits the business. This will enable the senior management team to understand how PLM is 
utilised and where the business investment is being targeted to achieve value. 

B.23 explained how it is important to gain sponsorship from the business and to have an owner from the 
senior management team: putting effort into winning the hearts and minds of the senior management 
team is worthwhile. He described the difficulties with their PLM implementation and that people in the 
programme ǎŜŜ ƛǘ ŀǎ ŀƴ L¢ ǇǊƻƧŜŎǘ ŀƴŘ ǎƻƳŜƻƴŜ ŜƭǎŜΩǎ ǇǊƻōƭŜƳ, but explains that if it goes wrong then it 
can impact the programme. He stated that a designated PLM owner would help focus their organisational 
approach, is required to ensure a single methodology, and reduces the risk of disparate customised 
systems, simple processes and integrated information. 

B.25 highlighted that PLM must provide efficiencies and should not be an added cost for no return. This 
is problematic as explained by B.8 who stated that the value of PLM is not widely understood and can be 
undervalued. An enabler for ensuring the continuing support from the senior management team is to 
provide evidence from across industry and LFE from other programmes of why PLM is important. The 
senior management team in ETO programmes are aware of the risk of cost and schedule overruns typical 
of these product types. They will require supporting evidence that the approach being undertaken is not 
high cost and risk with little return. The 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.23 stated that they can use the approach undertaken by similar programmes such as Type 26 and this 
was supported by B.27 who explained that learning good practice from across industry will aid their PLM 
implementation. The success of the GCS export programme provides evidence of PLM practices which 
have provided value to industry. 

The cross-industry benchmarking and LFE is an important enabler to gain the support of the senior 
management team. If the management team believe that their PLM approach is based on learning from 
across industry, then this will provide confidence to them that the risk of a failed PLM implementation on 
their programme will be reduced. The implementation of PLM on ETO products is a costly and complex 
project and, without the support of the senior management team, it will be difficult to receive the support 
from the rest of the stakeholders. It will also be difficult when the PLM implementation inevitably 
encounters challenges which require business focus to overcome. It is also important that once senior 
management have had buy-in, that this sponsorship is maintained throughout the lifecycle of the 
programme. 

7.6.3.2 Develop and implement a comprehensive business change initiative on 
PLM 

It is important that all the key stakeholders in the PLM implementation understand why the project is 
being undertaken, what they are required to do to support it, and to ensure that they are fully engaged 
and have a stake in its success. To 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 order to meet the business 
objectives, is to develop the cultural elements including the skills and awareness of the importance of 
information. This was supported by both B.4 and B.17 who stated that business change management 
would be an improvement they would make to their PLM environment. The business change initiative will 
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assist with overcoming the people challenges of understanding PLM value and the importance of their 
input as discussed in Sections 7.5.3.1 and 7.5.3.3. 

B.8 stated that a weakness in their PLM implementation that requires improving is with briefing the wider 
programme team on the benefits and the necessities of what the business is doing with PLM. He added 
that he believes that the senior management have bought into their PLM implementation but he is not 
always convinced that those who interact with PLM on a day to day basis understand. He questions 
whether they see the PLM approach as a burden and that, if they understood the big picture, they would 
see it is worthwhile. B.27 stated that in his business, he had difficulty with ensuring that the senior 
management team understood the complexity of the PLM challenge, and that his experience is that the 
senior management team just want it done. He added that it is necessary to be clear upfront as to what 
is being undertaken. The senior management team must therefore not only understand the value of PLM 
to gain their support, but they must also be communicated as to the level of effort and resources required 
to support the implementation. 

B.1 explained the importance of the programme stakeholders understanding the benefits of PLM and 
what is in it for them. He questioned whether people understand the benefits of their PLM 
implementation and the improvements it will generate for the programme downstream in the lifecycle. 
0 also discussed the importance of people issues with improving the PLM environment. He described how 
it was possible to have a great system, but without buy-in, then there will be challenges. B.11 stated that 
an approach to overcome challenges with PLM implementation is to have a dedicated business change 
manager. He explained that, initially, he was sceptical but that he now sees the business benefits this 
brings. He added that the business change manager provides engagement and tested understanding and 
resistance levels of the stakeholders in the business. He also described how the business change manager 
identified intervention areas to bring people on the change journey and focussed interactions in these 
areas. 

Not all ETO programmes with PLM implementations have had the same positive results with business 
change management as B.11. The experience of B.23 was that when they had cost issues and had to 
reduce the personnel involved in the PLM implementation, the business change initiative was targeted as 
it was seen as low value. The result was that those people who the change initiative was targeting then 
also see it as low value, impacting the success of the PLM implementation. He stated that he would put 
more effort into organisational change and ensure that they have the necessary resources to support the 
change initiative. B.8 explained that when implementing improvements to the PLM environment it is 
important to sell the benefits of PLM to those at the front end of the lifecycle. He explained that this is 
difficult as those who reap the rewards are often downstream, such as with manufacturing, and that it 
can be seen as a burden unless they understand the importance. 

 B.2 stated that with their PLM implementation they have changed to being much more information-
centric than previous programmes, and added ǘƘŀǘ ǇŜƻǇƭŜ ŘƻƴΩǘ understand that they have to work 
differently. In previous programmes it was CAD model centric and that was where people looked for the 
master data. He explained that it is now PDM-centric and the information is structured differently, 
including the materials used for manufacturing. B.24 mentioned that it is necessary to inspire levels of 
ownership within the teams and commented that on some occasions when in maturity management 
meetings he feels that people do not care enough about the importance of maturity information. He 
stated that it is necessary to inspire not just individuals but whole teams. 

If project personnel have not understood the importance of maturity management, then this presents a 
risk to the programme to not only the criticality of maturity to manage the complexity of the programme, 
but also for understanding and adhering to the programme schedule and cost commitments. B.10 
suggested that the way to win the hearts and minds of the stakeholders is to use success stories, whilst 
B.6 advised investigating the current culture and the level of understanding at information and technical 
level. This would allow for a targeted change management approach to focus on the areas that are 
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required to support the PLM implementation. B.15 commented that overcoming difficulties with PLM 
implementation would be enabled by a top down and bottom up business change approach. Firstly the 
management team should be convinced it is the right thing to do, and secondly a bottom up approach 
should be undertaken. He stated that, in his experience, people have less resistance to change when you 
have their buy-in and they can then create pressure from the bottom up to contribute to the change. This 
he believes will help to convince the majority of stakeholders. He explained that they are attempting to 
use new mobile technology into the manufacturing environment to assist in improving the quality of the 
as-built BoM.  He explained that this will improve quality as all the relevant data are inputted into the 
PDM system in the manufacturing environment and believes that this is where the business should be 
targeting. This approach to improved build completion activities based on PLM information was identified 
as a requirement in the Type 26 case study as discussed in Section 5.9. 

Promoting business change management from the bottom up was also raised by B.22 as an important 
enabler to overcome the challenges with PLM implementation. He explained that change agents are 
important and that they can be used to articulate the benefits to the business and the individuals. B.14 
also supported business change management as a key enabler to successful PLM implementation. 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 lifecycle of the ETO programme could 
be impacted if the stakeholders do not fully support the concept. If the manufacturing personnel do not 
embrace PLM and undertake the activities required to capture the build status against the engineering 
information then the management team cannot determine whether the huge volumes of artefacts 
managed through the design phase have been installed correctly. If not undertaken, this will result in 
significant investigation activities to ensure the build is completed to specification, prior to in-service 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 

Embedding PLM education as part of the core business training programme will assist with ensuring that 
the personnel understand why PLM is important. It will also enable the stakeholders to understand how 
it must be used and what part they play in ensuring its success. This will assist with overcoming the 
adoption challenges identified in Section 7.5.3.1. 

B.11 explained the importance of education in improving the PLM approach and described the steep 
learning curve for people when they must learn a new approach from something they may have been 
doing differently for over a decade. New programme personnel may transfer from other ETO programmes 
where they may have been performing a similar role over the lifetime of the design and build programme 
using different PLM processes and technology. This sustained duration of work commitment results in 
individuals possessing a clear and well-defined understanding of the PLM approach on the previous 
programme, which may differ significantly from the new ETO programme PLM approach. These 
differences are due to industry PLM approaches advancing over the duration of the previous programme, 
which can only be fully leveraged at the start of a new programme. This results in the business introducing 
improved PLM based on LFE which will affect the information management approach, processes and 
technology. Attention must therefore be paid to ensuring that new programme personnel understand the 
differences in the new PLM implementation. B.11 stated that if appropriate education is not undertaken, 
then the personnel may operate in the PLM environment incorrectly and pass sub-optimal practice on to 
other colleagues. B.27 agreed with education as an enabler to improvements with PLM. He explained that 
it is his intention to ensure that those who have a stake in PLM understand 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.16 expressed caution that, when he first joined the ETO programme, he was given a good 
understanding of the importance of maturity management, but the programme then started to dilute the 
approach, and questioned the impact that this will have on the build programme. He was concerned that 
there is a danger that the management team will convince themselves that the diluted approach to 
maturity management will meet the business objectives, but they will end up with a negative impact later 
in the lifecycle as the new approach is not what they originally set out to achieve. 

Therefore, a PLM education programme explaining business objectives, information management, 
processes and technology must persist throughout the lifecycle of the programme and not allow itself to 
be diluted if problems arise with cost and schedule challenges. The education approach should be 
adaptable to meet emergent needs but these should not conflict with the business objectives of PLM. 
B.22 stated that technology should not be the priority of improving PLM, but rather people and processes 
require focus to meet business objectives and customer requirements. Improving the skills of the 
programme personnel is important and that some people will understand PLM more than others and that 
there should be an approach to ensure there is an explicit understanding of PLM within the business. In 
addition, it should also be linked with business change management to ensure the behavioural aspects 
are addressed. He also described that when implementing an education approach it should be tailored to 
ensure that those involved are given the appropriate level of understanding required. He added that the 
business should identify those who can be taken to a higher level of knowledge and focus additional 
training for them as these could be the new PLM leaders. B.4 also raised education as an improvement 
he would make to his PLM environment. This is consistent with B.13 who stated that they need to spend 
more time educating people on what is expected, where it is and how to access it. This is again confounded 
by their PLM approach being different from other ETO programmes in his business and people need to be 
able to operate in the environment correctly. 

B.17 raised the importance of the persistence of knowledge within product development as when people 
retire their knowledge is lost. He also stated that the more complicated the product is, the more difficult 
it is to make decisions due to the interdependencies within the product development lifecycle. He 
cautioned that, when improving PLM and leveraging knowledge, innovation should not be hampered. 
Therefore, while education to improve knowledge, skills and culture is important, the rules associated 
with effective PLM should not constrain the innovation process. B.1 described communication and 
training as improvements they would make to their PLM environment. Moving from a traditional 
document-based approach to one which is data-centric is not insignificant and should not be 
underestimated as it is a significant change for people. IŜ ǇǊƻǾƛŘŜŘ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ǿƘŜǊŜ ǘƘŜƛǊ ōǳǎƛƴŜǎǎΩ 
traditional training programme for engineers does not cover PLM which means that the engineers do not 
support his requirements. He explained that the business is ill equipping engineers to work within his 
programme. He explained that engineers must understand the relationship between maturity and 
programme management in order to correctly manage the product development. He continued by stating 
that there are disconnects across the functions in the business such as between supply chain and 
engineering. PLM is seen as being organised by engineering and perceived as being engineering-centric 
but it must be cross-functional and that an integration and understanding of the needs of each function 
within the PLM environment must be managed. 

B.16 identified improvements that must be made to the way that the business functions within the 
programme work together including how the design provided by engineering integrates with the supply 
chain. B.26 described how they engaged with smaller 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 PLM is important in meeting the objectives of the programme. 
Stakeholders, including the suppliers, must understand the implications of information that they either 
provide or consume. PLM training should be embedded within the core business education programme 
across all of its functions and stakeholders in the extended enterprise, and should not be seen a 
standalone environment for engineers. The training must ensure that PLM supports the business 
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objectives of the ETO product. If programme personnel do not have PLM knowledge, such as the approach 
to managing maturity, then they cannot be 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 from traditional environments where CAD 
information was the focus to one which is product data-centric. He provided an example of a current ETO 
programme which has been in progress for decades where drawings were the main product artefacts for 
the product development and build. He stated that people need to understand data and why its quality 
is so important. He explained that if people understood the consequences of their information, it would 
encourage them to improve information quality. B.10 provided 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 PLM. This, he added, ƛƳǇŀŎǘǎ ǇŜƻǇƭŜΩǎ ŀōƛlity to understand and work with 
the PLM system. 

B.12 stated how they introduced a new approach for engineering to support the manufacturing 
requirements; however it was difficult to explain and transition to support this initiative as they were used 
to do something different. He explained that it is important that the needs of the various stakeholders 
are understood and that this is institutionalised within the business. He stated that to overcome these 
difficulties, it is necessary to train and coach people on the consequences of their actions, their cause and 
effect. He provided an example of someone designing equipment into the CAD model and how they 
should be considering how this would be installed, e.g., ensuring there is enough space to allow access 
for its installation. B.18 also commented on the importance of education and how helping engineering to 
understand what the consequences of their actions are. She embellished this stating that there needs to 
be education on what the effects are of actions and their impact to the overall programme. She gave an 
example of a decision which had a big impact on weight even when there has been documentation to 
explain what the weight guidelines are. 

When developing and implementing a PLM education approach it must cover all of the requirements of 
the various stakeholders within the ETO NPD. Each of the business functions such as engineering, supply 
chain, manufacturing and programme management will have different objectives which are required to 
be supported by PLM. These requirements should be embedded within the education programme for the 
business to ensure that those required to provide the necessary support understand clearly what is 
required and why it is important. Due to the size and complexity of ETO programmes, this will be a 
challenging endeavour which will require the necessary funding from the business not only to create the 
education framework, material and trainers, but also to ensure that the many personnel involved are 
given the necessary time off their other commitments to undertake the training and gain the necessary 
knowledge. 

B.8 described that, due to the long lifecycle of ETO products, it can be difficult for personnel to be able to 
track and understand the value of PLM on larger projects than it would be on smaller projects. He believed 
that there is an educational element to this, and added that large ETO businesses find it difficult to 
communicate to the teams due to their size, a problem which is less apparent in small organisations. 
{ƳŀƭƭŜǊ ƻǊƎŀƴƛǎŀǘƛƻƴǎ ŦƛƴŘ ƛǘ ŜŀǎƛŜǊ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŜŀŎƘ ƻǘƘŜǊΩǎ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀƴŘ ƘŜ ǎǳƎƎŜǎǘǎ ǘƘŀǘ, due to 
the size of ETO programmes, it is difficult to share knowledge and be part of a single team. He commented 
that his ETO NPD is, by far, the most siloed environment he has worked in, even for those within the same 
building. Examples were provided by B.8 of various disciplines within engineering who work within their 
own teams and do not interact well, and that there is a Ψheads downΩ attitude, one which should be 
changed to where the personnel are sharing their experiences. 

The education of the personnel must include the benefits of PLM and why it is important, even if some of 
these will not be realised for many years, for example within the manufacturing phase which could be a 
decade after the programme initiation.  B.11 raised the point that an improved understanding of PLM will 
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help people to overcome perceived difficulties and limitations with PLM, which will help to address the 
pursuit of sub optimal approaches. B.13 made ǘƘŜ Ǉƻƛƴǘ ǘƘŀǘ ǘƘŜȅ ŘƻƴΩǘ equip their programme personnel 
to work effectively with PLM, stating that people often see PLM as technology but that it must include 
policy, process and people. The education programme should therefore not be exclusively technology-
centric but must include all aspects of PLM. This should include the business polices and people and how 
the technology enables these aspects. 

B.5 described the importance of understanding the developing maturity of the product and that this 
includes the design systems, supplier information and the cost model. He explained that this is important 
in not only understanding the current status of the programme but also in bidding for the next phase of 
the work. Due to the size of ETO programmes, funding is often released sporadically through agreeing 
phased contracts between the customer and the delivery business. An understanding of programme 
status will assist in helping to develop the bid for the next phase of work and agreeing cost, schedule and 
risk. It will also improve the relationship and confidence of the customer. An understanding of all of the 
information which relates to the programme status is important. This will be enabled through an 
education programme which covers all product information in the programme across all of the business 
functions, including engineering, supply chain, programme management, in-service support, 
manufacturing planning, manufacturing and 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 

This section explains the importance of having a central team responsible for developing PLM objectives 
and how these relate to the overall business objectives. It also describes how this central team will provide 
education and support to the stakeholders. 

The development of the PLM objectives and the approach to educating 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 objectives. 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 and each ǎǘŀƪŜƘƻƭŘŜǊΩǎ 
accountabilities must be understood. The PLM team will enable the development and integration of 
business objectives as well as defining how PLM will support their realisation. B.25 described how his 
business has recognised the need for centralisation of key capabilities across the business with members 
from these areas being embedded in the programmes. He stated that this assists with the utilisation of 
key resources with more focus on business value-adding activities, and would enable the cross-functional 
PLM expertise to be managed centrally and cascade the PLM approach to the ETO programmes. It will 
also assist with the utilisation of the scarce PLM SQEP which is difficult to recruit from other industries, 
due to the uniqueness of ETO products processes and information approaches compared to other 
products. 

B.7 described how ETO products can have a 15 year design and build programme which means they can 
be a business within a business. Thus, there is a need to drive processes out across all the programmes 
and not just a single one. He explained that the business needs to be set up to support this and it will 
enable a standardised approach across all the programmes. 0 stated that standardising training across all 
programmes will assist with ensuring that LFE is driven across the business including leveraging previous 
investment. A dedicated team would address the concerns raised by B.14 on using resources that have 
other responsibilities in the programme, as they would be within the PLM team management structure. 
B.8 stated that his experience of a central PLM team has been positive, and that the level of facilitation 
this has provided in delivering PLM, has been better than any he has experienced. He explained that if 
you took this team away, then there would be an impact in the success of the PLM approach due to the 
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challenges of large-scale projects. This PLM team will also have responsibility for those enabling activities 
related to information, process and technology described in Section 7.6. 

7.6.4 Technology enablers 

This section describes those enablers relating to technology for the implementation of PLM on ETO 
products. These have been synthesised from the interview responses through thematic analysis which 
enabled subsections to be created. These enablers include the identification and implementation of 
configurable PLM toolsets with minimal customisation. Driving the integration of information through 
toolset rationalisation was another technology enabler. Also identified was focusing toolset development 
on business objectives, priorities and ease of use to reduce complexity of processes. Another technology 
enabler was the implementation of IT architecture improvements to support new PLM capability and 
ensure toolset performance. The technology enablers are illustrated in Figure 36. 

 

 

Figure 36 Technology enablers 

7.6.4.1 Identify and implement configurable PLM technology with minimal 
customisation. 

The challenge of ensuring that PLM technology can support the long life of ETO NPD was discussed in 
Section 7.5.4.1. Ensuring that technology customisation is kept to a minimum is an important enabler to 
overcome this challenge. B.2 described how they learned from a previous ETO programme which had 
highly customised technology and became difficult to support. They have now implemented technology 
which is the foundation for their programme and are COTS applications which have been configured to 
meet the needs of the programme and have significantly less customisation. In addition, he added that 
the lesson they learned was to go with COTS products and that this allows them to easily upgrade and 
keep the versions of the software current with the latest releases by the vendors. He also explained how 
these COTS toolsets have interfaces between CAD, PDM and ERP. Therefore, a lack of customisation 
allows for exploitation of out of the box capability for integrating the PLM systems, making them more 
robust and easier to support. In contrast to this, B.11 stated that their PDM systems are heavily 
customised, have approximately 20 interfaces, and as a result are not effective and make the use of the 
toolsets very difficult. 

Customised software is difficult to upgrade as the vendors cannot use standardised upgrade 
methodologies due to the differences in the software compared to those which are non-customised. This 
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results in expensive investigations and bespoke developments specifically to enable the upgrading of 
these complicated PLM technologies. B.11 stated the importance of not customising the PLM technology 
to ensure it maintains supportability and that when the software vendor brings out a new version they 
can quickly move to that. B.23 agreed with this, stating that on their programme, they are moving from a 
highly customised environment to that of one which is COTS. He stated that this is taking years, and they 
still cannot respond adequately to the emergent technology needs of the business due to the level of 
customisation and the resources applied to this project. B.20 also commented that they have elements 
of customisation within their technology but there is a drive to use COTS systems. 

B.3 was concerned that attempting to meet PLM objectives could result in customisation, however B.19 
commented that the PLM technology used in ETO products must be flexible to cope with business 
objectives. He added that there should be PLM capability to manage the understood requirements of the 
programme, such as managing the BoM, but it has to address new requirements to meet the emergent 
needs of the programme. He used the example of an ERP system to improve the management of build 
completion activities to illustrate this, and suggested that technology must be able to adapt to new ways 
of working which have yet to be thought of. The Type 26 case study described in Section 5.9 discussed 
how the PLM technology was configured to support build completion activities using master data from 
the BoM. 

He stated that technology configurations should be managed within the business so that they do not have 
to go to the software vendors every time a new requirement is issued. He stated that the technology 
delivery team required more training from when the programme started to ensure they can configure the 
software to meet business requirements. If the approach of using an in-house team to configure the 
software is to be effective, then this team must have the capabilities to understand what the software 
can achieve and how it can be adapted to meet emergent business requirements. B.27 highlighted the 
importance of engaging with the software vendor will help to ensure that the technology is used 
appropriately. However he raised the concern of funding for using vendor personal for programme 
activities. B.17 also stated the importance of having technology that is flexible and provided the example 
of product change management which must work effectively to support the needs of the programme. 
Ensuring that configurable COTS software is selected for PLM programmes will assist with the reduction 
of customisation and also will exploit new business requirements such as those described in the Type 26 
case study in Section 5. 

7.6.4.2 Drive integration of information through technology rationalisation. 

Information integration is an objective of PLM on ETO products as discussed in Section 7.4.1.1. PLM 
technology toolset rationalisation can assist with information integration as it discourages duplicate or 
disparate information due to them being managed in different toolsets.  An improvement proposed by 
B.11 to their PLM environment would be to simplify it through rationalisation of toolsets, as they have a 
number whose functionality could be undertaken by a single PDM system. If they moved to a new PDM 
system, he believed that they could retire 12 out of 20 PLM toolsets. This would also reduce manual 
interaction on the information and toolset maintenance, and forecasted an associated resource reduction 
by utilising the functionality of a core PDM system. 

B.26 stated that in an ETO programme, he experienced a customer paying multiple times for information 
changes due to it being in different systems and believed that a single point of truth is the key which 
should include the design and in-service support information. B.4 commented that they are implementing 
new PLM technology to provide a more integrated environment, part of which involved removing legacy 
toolsets and replacing them with a PDM and ERP system. He explained that this will reduce risk as there 
are a number of legacy tools that are not well understood by the business. 

Whilst the problems that 0 had experienced on previous ETO programmes were due to unintegrated 
systems, the current programme with which he is involved has improved technology integration across 
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the CAD, PDM and ERP applications which is eliminating manual translation of information and is 
improving data integrity. The requirement from the Type 26 case study provides an example of this 
approach as discussed in Section 5.4. 

B.14 highlighted the importance of integration between the PLM systems and explains that they are 
endeavouring to improve the integration of 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 management. B.7 stated that an improvement he would make to his PLM environment 
would be to standardise the toolsets as this will drive consistency in the way people behave and also will 
assist in eliminating variation errors. A rationalised PLM system of systems will also reduce the complexity 
of the interfaces required to support the programme. This is due to the higher number of toolsets in the 
PLM environment and the greater need there is for passing information across the interfaces, which will 
lead to greater maintenance of the information including resolving information alignment and quality 
issues, supporting the data quality and governance enabler in Section 7.6.1.3. The rationalisation will also 
have the benefit of reducing the lifecycle and maintenance costs of 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 development should focus on business objectives and be prioritised accordingly. PLM toolset 
development should be managed to support a reduction in complexity not only in the technology but in 
the processes it enables. The importance of easy to use PLM toolsets was highlighted by B.3 who 
commented that while they have been focusing on PLM system integration they also have to be aware 
that it has to be useable. As discussed in Section 7.6.4.2, a reduction in 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 such as CAD, 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 customised. The OOTB functionality should also be used for the interfaces across the core application 
suite to 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, PDM and ERP, will result in the information managed in these 
toolset increasing and the interfaces becoming more complicated. This may impact the ease of use and 
efficient maintenance of the technology and its information. Mechanisms must be in place to ensure that 
the priorities of the business such as technology and information integration are prioritised but also that 
the software applications do not become unusable. This dichotomy that simple systems are not always 
achievable was explained by B.10, as the toolsets have to be complicated enough to meet the needs of 
the business. Therefore, the development and implementation of the new capability must be carefully 
managed if the capability is to achieve the balance between the business objectives, usability of the 
toolsets, maintaining simplicity and managing the technology priorities. 

B.3 stated that they should actively investigate how the technology is used and its ease of use. He 
explained that he gets feedback from engineers that, while working in the PLM software applications, 
they spent a lot of time doing what they see as administration tasks, as opposed to undertaking core 
engineering activities. He stated that they should make the applications more user friendly from an 
ŜƴƎƛƴŜŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ŜƴǎǳǊƛƴƎ ǘƘŀǘ it is easy to put information in, and to get it out.  He suggested that 
a way of achieving this could be through surveys or user groups into the technology improvements which 
will provide the greatest impact, but this can be anecdotal and takes time. 

B.19 described the importance of managing workflows effectively and B.2 stated that they were able to 
configure their technology to make it easier to use and provided an example 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 simplification provides an illustration of technology supporting the processes without 
replicating it. 

Technology should be scalable depending on the programme objectives as highlighted by B.13 who added 
that some programmes which are of a larger size and complexity may require technology which has more 
functionality than smaller programmes. Since the PLM technology solution for one ETO programme may 
not be appropriate for another, understanding the objectives, priorities and constraints are important. 
These constraints may be with the budget, schedule or the number of resources in the programme. An 
improved understanding of business priorities and scope will enable the Information Management and 
Technology (IM&T) team to focus their resources 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 which enables the business objectives, including new processes 
and information management policies, will provide adequate functionality and ensure technology 
performance. There will be the larger volumes of data in the core applications due to system integration 
and the resultant reduction in the IT footprint as discussed in Section 7.6.4.2. The requirement for any 
PLM environment to have a robust and flexible IT infrastructure was proposed by B.17. This point was 
also considered by B.19 who explained that there is constant IT architectural change and stated the 
importance of keeping it up to date as people do not see the benefit until it is not there. B.19 added that 
the senior management team need to understand what the technology architecture is, and how it benefits 
the business, but creating a simple diagram which they can understand is difficult. He explained that there 
are new techniques in IT such as the cloud and virtualisation technologies but they need to update their 
toolsets quicker than they have ever done before to respond to the emergent business requirements. He 
provided an example where a PDM system upgrade project would typically take eight to nine months, but 
they now need to do it in three months to respond to the business objectives. 

Introducing new capability quickly to meet the emergent requirements of ETO programmes is necessary 
to ensure that the product development lifecycle is not impacted. A reduction in the amount of 
customisation as discussed in Section 7.6.4.1 will contribute but there is also a need to implement new 
capability quicker than ever before and the integration of the PLM systems adds another complexity. 

B.19 explained that, as the CAD and PDM systems are closely integrated, it was not possible to upgrade 
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 applications and the underlying IT architecture. 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 taken to 
implement into the programme was highlighted by B.19, but he added sometimes this is not possible. The 
translation of business knowledge into requirements for the software capability was discussed by B.4 
using the agile scrum software engineering methodology to allow the requirements owners to see the 
evolution of the developments. He stated that it works well as it gives the business early insight into what 
the changes are and what it does before going live. This mitigates the risk of not meeting the requirements 
and non-acceptance, which in turn can result in further delays to the new capability introduction. He 
explained that the scrum approach also assists with the business change as it helps engage the business 
early on and gains buy-in before the implementation of the new capability. This was stated as being critical 
as these systems are live and manage years of data so there is a resultant large volume of data which 
requires migrating into the new system. The importance of testing the interfaces was raised by B.2 who 
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described that, as the CAD and PDM applications work differently; they keep finding problems that require 
addressing. 

Therefore approaches to quickly and effectively 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 risk of failure of these implementations is minimised as 
any impact in the PLM environment will have a significant impact on the programme. 

IT investment requires significant funding from the business and, if it is inadequate, the technology 
environment will not be able to support the PLM objectives which will impact the ETO product 
development, the programme and, ultimately, 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 throughout the ETO lifecycle. This is supported by B.13 who stated that a lot of time and 
effort must be put into the IT toolsets and interfaces as the user community will get frustrated if it does 
not work, and if it fails, people will be up in arms in five minutes. He explained that the technology is now 
further up MaslowΩǎ hierarchy of needs within an ETO programme context. Due to the importance of PLM 
technology in ETO programmes, if the applications become non-functioning or poorly performing then 
this this will have an enormous impact on the ETO programmeΩs cost and schedule. This risk is greater 
with more information in fewer PLM toolsets and a greater complexity in the interfaces between these 
systems. 

7.7 Summary 

This section described the development of the framework to provide guidance for the implementation of 
PLM on ETO products. The thematic analysis of semi-structured interviews using codes and themes 
identified through transcribed interview key points in the NVivo software tool was the primary approach 
for creating the framework. This was supported by literature where appropriate. The interview questions 
related to objectives, challenges and enablers were identified and used to create the framework.  

The codes and themes developed 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 responses in Annex B. The 
preparatory work to transcribe the key points, as well as the import and subsequent analysis in NVivo 
took considerable effort. The results of this preparation supported the development of the findings in 
Section 7 as each theme and related key 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 framework, Section 7 is the most extensive in the thesis.  

The framework themes are grouped based on whether the interview question related to an objective, 
challenge or enabler. This was to ensure that the context and structure of the framework was easy to 
understand. A further enhancement to the framework structure was identified through the use of 
Enterprise Architecture. EA is a well-established methodology to improve the creation of information to 
describe the strategy, objectives, processes and technology of a business. It also supports the transition 
ŦǊƻƳ ŀƴ Ψŀǎ-ƛǎΩ ǘƻ ŀ Ψǘƻ-bŜΩ ŜƴǾƛǊƻƴƳŜƴǘ ōȅ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƴŜǿ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 
therefore aiding in the business change activity. EA influenced the grouping of the themes to improve the 
structure and understanding of the framework. This included the objectives, challenges and enablers 
contained within 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 as sub-sections within the main section of objectives, challenges 
and enablers.  

The next section describes the framework evaluation approach and findings. 
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 Evaluation and Validation 

Evaluation reflects the judgement or calculation of the quality, importance, amount, or value of 
something [15]. Validation provides proof that something is correct which 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. stated in relation to the aim of evaluation in qualitative research: ΨǘƘŜ Ǝƻŀƭ ƛǎ 
to establish that the results provide convincing evidence sufficient to aƴǎǿŜǊ ǘƘŜ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴǎΩ 
[143]. Section 7 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 the framework for initial feedback on 
structure and content. This was to gauge initial reaction to the structure of the framework to 
ensure it was easily understandable. 

2. Main evaluation and validation through the presentation of the framework to selected 
participants followed by a questionnaire.  The questionnaire contained statements to evaluate 
and validate the framework quality, structure and versatility. 

3. The industrial application of the content of the framework in an ETO product. This section 
describes how the themes identified in the framework were used to develop the PLM approach 
in BAE Systems Naval Ships.  

Each of these will be discussed in the following sections. 

8.1 Preliminary evaluation of framework structure 

Three presentations were undertaken to capture initial feedback on the structure of the framework to 
assess its ease of understanding and coherent layout. The presentation slides (Appendix A) were used to 
describe the research to provide context, followed by an overview of the framework developed from the 
thematic analysis as described in Section 7. As explained in Section 7.2, each of the themes were 
structured around people, process, information and technology, using objectives, challenges and the 
enablers. A first draft of the framework (Appendix D) was presented to the participants.  

The first presentation took place on 23rd May 2017 with two participants with a significant interest in PLM 
implementation on ETO products from BAE Systems Naval Ships. These two participants had not 
previously been interviewed at any stage but were aware of the research. This approach was chosen to 
capture feedback from participants 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 implementation of PLM on ETO 
products. They questioned why the researcher had not established a relationship between each of the 
themes on the framework to more easily understand how an enabler could overcome a specific challenge 
to meet an objective. The researcher described the feedback from the interview responses as described 
in Section 7.2 that the framework is required to be flexible and scalable. The researcher added that 
specifying relationships between the themes may lead the guidance to follow specific routes and 
constrain its ability to be dynamic to meet various business objectives. They agreed that this would be 
necessary due to different programmes having different objectives and challenges. An example is where 
an ETO organisation is planning a PLM implementation where there are significant budget constraints, 
such as the UK Type 31 which is designed to be a less complex ship compared to the Type 26. It was also 
important to enable flexibility due to the emergent challenges in ETO products, 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 flexibility maintained. This has been captured in the further research in Section 2. They also 
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highlighted that they agreed that ΨŜƴŀōƭŜǊǎΩ ǿƻǳƭŘ ōŜ ŀ ōŜǘǘŜǊ ŘŜǎŎǊƛǇǘƛƻƴ ǘƘŀƴ ΨƛƳǇǊƻǾŜƳŜƴǘǎΩΦ ¢Ƙƛǎ ǿŀǎ 
due to the themes describing how PLM could be implemented. ¢ƘŜȅ ōŜƭƛŜǾŜŘ ǘƘŀǘ ΨŜƴŀōƭŜǊǎΩ better 
described that the themes were required to support the successful implementation of PLM on ETO 
products.  

The second presentation took place on the 28th May 2017 with a participant who has a significant interest 
in PLM implementation on ETO products from BAE Systems Naval Ships. This participant had previously 
been interviewed. This enabled feedback from someone who understood the research aims and 
objectives and contributed to the findings. The participant stated that the themes and the framework 
structure were extremely valuable and would provide significant benefits to PLM implementation on ETO 
products. It was added ǘƘŀǘ ǘƘŜ ΨŜƴŀōƭŜǊǎΩ ǿŜǊŜ ǳǎŜŦǳƭ ŀǎ ǘƘŜȅ ǿƻǳƭŘ ǎǳǇǇƻǊǘ the development a new, 
more skilful, talented and technologically aware generation of engineers in the business. The participant 
described a desire to take the framework from inventive to exploitation and utilise it in an industrial 
capacity. It was additionally suggested that the framework and the background detail could be integrated 
electronically to aid understanding - a theme could be selected and the stakeholder presented with the 
relevant underlying information. The researcher agreed and stated that this would be an opportunity for 
further research as stated in Section 10.9. 

The final presentation and discussion of the framework took place on the 7th June 2017 with one 
participant with a significant interest in PLM implementation on ETO products. This participant had 
previously been interviewed but was from an export customer. The feedback elicited was that the findings 
and the framework would provide significant benefits to their company and that it would steer the 
direction of their PLM strategy. It was opined that the framework provided a great presentation of the 
summary of the results, and a request was made for a document which described the overall research as 
this would help communicate this new approach to his business. The researcher explained that he would 
provide an academic paper, preferably in a peer-reviewed journal, on the conclusion of the research. 

8.2 Main evaluation and validation of framework 

Following the preliminary evaluation, a questionnaire was used as the main evaluation approach to 
capture the opinion of the senior stakeholders in ETO products who have an interest in the successful 
implementation of PLM. The questionnaire contained statements, which according to the Cambridge 
dictionary are actions used to express an opinion [15]. A questionnaire was chosen to focus the 
participants on the framework quality, structure and versatility using the statements shown in Table 13, 
the rationale for these statements is described in the following sections. Semi-structured Interviews were 
considered, however it was decided that they may result in conversations that were not related to the 
framework evaluation, and were therefore not pursued. The questionnaire enabled focused statements 
to be answered by the participants relating the evaluation objectives of the framework without the time 
necessary for structured interviews. 

8.2.1 Development of the questionnaire structure 

Section 6.2 described the interview questions used to develop the framework and why they were chosen. 
Q13 was created to address the following:  

 Ψvмо - Would a framework assist with the transition from as-is to the to-ōŜΣ ƛŦ ǎƻ ƘƻǿΚΩ 

This question aimed to investigate how a framework conveying the results of the research would assist in 
the implementation of PLM. It was also intended to capture the ways in which the framework would assist 
and investigate any potential enhancements in its design and use. 

The framework content is structured using the thematic analysis of the interview responses described in 
Section 6.5Φ ¢ƘŜ ƪŜȅ Ǉƻƛƴǘǎ ŦǊƻƳ vмоΩǎ interview responses in Annex B confirmed that a framework for 
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the implementation of PLM on ETO products is necessary, but the responses to Q13 also indicated that it 
must be easy to use, and should not mandate how it should be used and implemented. The interviewees 
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 aligns to their business model. The responses contributed to the 
design of the framework but also to the evaluation objectives for flexibility. 

The main objective was to evaluate and validate the framework quality, structure and versatility, 
measured based on the responses to the questionnaire. These opinions relate to the validation objectives 
for the quality of the PLM framework (Statement 1.1) which validates the research results in Section 7, in 
other words proof that the framework contains the necessary elements for the implementation and 
successful use of PLM on ETO products. The opinions also relate to the evaluation objectives for the 
quality of the PLM framework (Statement 1.1 to 1.3) and its structure and versatility (Statement 2.1 to 
2.5). To enable this, eight statements relating to the evaluation objectives were used in the questionnaire, 
and the participants were asked to respond in terms of the extent to which they agreed or disagreed with 
these statements. The statements and the related evaluation objective are shown in Table 13.  

 

Evaluation 
objective 

Statement No Statement  

Framework 
quality 

1.1 The framework contains the necessary elements for the 
implementation and successful use of 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 successful 
use of PLM in ETO products. 

Framework 
structure 
and 
versatility 

2.1 Using information process, people and technology across 
objectives, challenges and enablers is a useful way of structuring 
the framework. 

2.2 Information people, process and technology across objectives, 
challenges and enablers 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 PLM on ETO 
products. 

Table 13 Statements in the questionnaire related to evaluation objective 

8.2.1.1 The Framework quality 

Quality can be defined as how good or bad something is and that it is of a high standard  [15]. Determining 
the quality of the framework is important to understand how well it will support 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. 

Q1.1 - The framework contains the necessary elements for the implementation and successful use of 
PLM on ETO products. 

The framework contains the themes derived through thematic analysis as described in Section 6.5. This 
question was used to investigate whether there were any elements missing which are required 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 this question was to evaluate whether the framework provides guidance to support 
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 successful use of PLM in ETO products. 

The significant contribution to knowledge corresponds to the construction of a framework which provides 
guidance for the successful implementation of PLM on ETO products. The question was used to evaluate 
whether this overall aim has been met. 

8.2.1.2 The Framework structure and versatility 

Structure can be described as how something is organised and arranged [15], which was important for 
the evaluation objective as the framework themes have been organised based on the enterprise 
architecture approach described in Section 0. Versatility can be as a characteristic of something, which 
allows it to be changed easily or used for different purposes [15]. The interview responses to Question 
Q13 reflected an opinion from the interviewees that they did not want a framework which constrained 
them into a rigid approach. They required a framework that is flexible and can be adapted based on their 
business objectives. Therefore, the versatility of the framework was another important characteristic of 
the evaluation. As structure and versatility are closely related, they have been combined in the evaluation 
statements, these statements and their rationale are provided below. 

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 framework was developed to contain the PLM objectives, challenges and enablers 
across those themes relating to information, process, people and technology as described in Section 0. 
The objective of this statement was to evaluate the structure of the framework based on this approach. 

2.2 ς Information, people, process and technology across objectives, challenges and enablers covers all 
the categories for the implementation for the successful use of PLM in ETO products. 

The objective of this statement was to evaluate whether the structure of the framework captures 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 or not clear due to the framework 
structure. 

2.3 - The content of the framework can be easily followed. 

For the framework to be effective it must be easy to follow, even though it is supporting the realisation 
of PLM objectives on new product development of complex 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 responses to Question 13 the interview participants asked for the framework to be 
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 statement was used to evaluate 
whether they would use the framework to implement PLM on ETO products. 
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The participants were 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 evaluation and validation was constructed to consist of identifying participants 
who would attend a one hour workshop, either face to face, or via a teleconference with shared media. 
These participants were selected from business functional roles within ETO, or partner organisations 
within the extended enterprise. These organisations included: 

¶ UK ETO design and manufacture; 

¶ USA ETO design and manufacture; 

¶ Canadian ETO design and manufacture; 

¶ Canadian ETO customer; 

¶ Australia ETO design and manufacture; 

¶ Australia ETO in-service support; and, 

¶ USA PLM ETO technology provider. 

These organisations are involved in various multi £B ETO programmes and their products are global 
leaders. They are geographically dispersed supporting 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 selected to represent stakeholders who have business 
objectives required to be met by a successful PLM implementation. The participants were a mixture of 
those interviewed to generate the findings, those aware of the research but not interviewed and those 
with no knowledge of the research. The majority of those selected for the evaluation had not been 
previously interviewed; this was to support an independent view of the value of the framework based on 
the results of the thematic analysis. These roles include: 

¶ F.1 - Head of manufacturing planning (not previously interviewed); 

¶ F.2 - Engineering manager ς in-service support (not previously interviewed); 

¶ F.3 - Engineering manager ς Design (previously interviewed); 

¶ F.4 - Manufacturing planning manager (not previously interviewed); 

¶ F.5 - Engineering manager ς BoM (not previously interviewed); 

¶ F.6 - Engineering manager ς PLM (not previously interviewed); 

¶ F.7 - IM&T manager (not previously interviewed); 

¶ F.8 - PLM consultant (not previously interviewed); 

¶ F.9 - PLM architect (not previously interviewed); 

¶ F.10 - Design authority (previously interviewed); 

¶ F.11 - Operations manager (previously interviewed); 

¶ F.12 - Head of engineering (previously interviewed); 

¶ F13 ς Head of Enterprise Architecture (not previously interviewed); 

¶ F14 ς Head of IM&T (not previously interviewed); 

¶ F.15 - Underwater systems specialist (not previously interviewed); 

¶ F.16 - Programme director (not previously interviewed); 

¶ F.17 - Deputy head of programme management (not previously interviewed); 

¶ F.18 - Systems engineering manager (not previously interviewed); and 

¶ F.19 - Engineering director (not previously interviewed). 
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In total there were 19 participants who responded and a further 6 who did not. Due to the risk involved 
with allowing the participants to respond after the presentation was delivered and questionnaire 
circulated, non-respondents were expected. The risk was mitigated by ensuring each organisation and 
business role targeted had at least one respondent. These participants were 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 engaged in the evaluation either on a one to one basis, or in small 
groups in a one hour session with the intention of communicating the research aims and methodology 
through a poster presentation as shown in Appendix E. The PLM implementation framework was then 
described using Appendix D followed by the questionnaire structure. It was decided that the one hour 
slot was utilised to maximise the time taken to describe the framework, and for the participants to 
subsequently complete the questionnaire in their own time following the session. They would therefore 
be able to re-read and complete the questionnaire in their own time [167]. This would enable then to 
reflect on the material presented and then complete the questionnaire. The participants were requested 
to rate their level of agreement or disagreement towards the statements using a five-point Likert scale. 
The range of options were: strongly disagree; disagree; neutral; agree; and, strongly agree. This approach 
and the wording of the statements was used in order to not lead the participant to a particular rating.   

Following the briefing sessions the participants were sent the poster, framework, questionnaire and 
declaration form and asked to submit the responses to the questionnaire within two days. This self-
completion approach introduced the risk of the participants not completing the questionnaire due to 
other commitments. This risk was acceptable to ensure the one hour sessions were dedicated to 
communicating the research approach, the outcome and the importance of evaluation using the 
questionnaire. The participants were a mix of those who had been interviewed to develop the framework, 
using thematic analysis as discussed in Section 7, and those who had not been involved. The approach 
was designed to ensure that there was a balance in the results from those who had been involved in the 
research and perhaps would see their input in the framework, those aware but not interviewed and those 
who had not previously been aware of the research. 

8.2.3 Evaluation and validation results 

The responses to the questionnaire questions relating to Framework quality, structure and versatility are 
shown in Figure 37.  
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Figure 37 Questionnaire responces 

As discussed in Section 8.2.1.1, Statements 1.1 to 1.3 were included in the questionnaire to assess the 
quality of the framework. For Statement 1.1, 42% of participants agreed that the framework contained 
the necessary elements for the implementation of PLM on ETO products with a further 58% strongly 
agreeing. For Statement 1.2, the responses reflect that 63% of participants agreed that the framework 
assists with overcoming the challenges in PLM implementation on ETO products, a further 32% strongly 
agreed, 5% responded neutral with no reasons given. For Statement 1.3, 42% agreed that the framework 
is effective for the implementation of PLM on ETO products and 47% strongly agreed, with 11% providing 
a neutral response. The comments from those who provided a neutral response for 1.3 related to the 
tailoring required to suit specific business circumstances and also that the detailed research behind the 
framework would be beneficial.  

Section 8.2.1.2 described how statements 2.1 to 2.5 were used in the questionnaire to describe the 
structure and versatility of the framework. For statement 2.1 the responses found that 32% 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 framework. Statement 2.2 
had 42% agreeing, 47% strongly agreeing and 11% 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 factor in PLM implementation and also that they would like to 
learn more about the framework. Due 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 Section 7.5.4.1 where upgrading or implementing new 
technology can be challenging for ETO products.  

Statement 2.3 had 47% agreeing that the framework can be easily followed, with 42% strongly agreeing 
and 11% with a neutral response. No indication was given in the questionnaire comments why a neutral 
option was provided. The response to statement 2.4 had 63% agreeing and 32% strongly agreeing that 
the framework is flexible in its use, there was 5% with a neutral response. The neutral response related 
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to a request to understand more about the research and the framework. Statement 2.5 had 68% agreeing 
and 32% strongly agreeing that they would use the framework to implement PLM on ETO products.   

The responses to the questionnaire statements supported the objectives of the questionnaire for quality, 
structure and versatility as discussed in Section 8.2.1 with 95% of the responses either agreeing or strongly 
agreeing with the statements. The comments included within the questionnaire responses also supported 
the value of the framework. F.1 for example highlighted that in their experience there is an overreliance 
on technology to support PLM objectives and that it is the human factor that supports the successful 
implementation. F.1 added that it is refreshing to see this represented in the framework. F.15 commented 
that more emphasis on culture would have been preferred, especially with explaining the benefits of PLM 
to the stakeholders. This included: reduction in cost for through-life support, obsolescence management 
and rework; reduction in schedule risk due to rework; improved safety due to configuration management; 
and, a further risk mitigation for cost due to a reduction on safety incidents. It was explained to the 
participant that the framework contained enablers on improving culture and education, and that the 
researcher agreed the importance of business change to PLM implementation on ETO products. The focus 
that the framework gives to cultural change was raised by F.16 ǿƘƻ ǎǘŀǘŜŘ ǘƘŀǘ ǎƘŜ ŀǇǇǊŜŎƛŀǘŜŘ ΨǘƘŜ 
priority given to the cultural change required for a successful iƳǇƭŜƳŜƴǘŀǘƛƻƴΩΦ {ƘŜ ǿŜƴǘ ƻƴǘƻ ǎǘŀǘŜ ǘƘŀǘ 
ǎƘŜ ΨǿƻǳƭŘ ōŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ŜȄǇƻǎǳǊŜ ǘƻ ǘƘŜ ƴŜȄǘ ƭŜǾŜƭ ƻŦ ŘŜǘŀƛƭΩΦ F.17 ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŀǘ ΨǎŜŎǳǊƛƴƎ ǘƘŜ 
support of the business is, and will always be, a key challenge and a very important ŜƴŀōƭŜǊΩΦ 

The comments also highlighted the importance of versatility, with F.2 stating that tailoring was important, 
whilst acknowledging that the framework described their business challenges. F.11 stated that they were 
ǘŀƛƭƻǊƛƴƎ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ǘƻ ǳǎŜ ƻƴ ƴŜǿ ǇǊƻƎǊŀƳƳŜǎ ǎǘŀǘƛƴƎ ǘƘŀǘ ΨǘƘŜ ŦǊŀƳŜǿƻǊƪ ŀǎ ǎǇŜŎƛŦƛŜŘ ƛǎ ōŜƛƴƎ 
ǘŀƛƭƻǊŜŘ ŦƻǊ ǳǎŜ ƻƴ ŀ ƴǳƳōŜǊ ƻŦ ƴŜǿκǇǊƻǎǇŜŎǘƛǾŜ ǇǊƻƎǊŀƳƳŜǎΩΦ IŜ ǿŜƴǘ ƻƴ to describe how the 
framework provided a scalable and tailorable approach for PLM implementation in a complex 
environment. F.14 commented that they are currently implementing PLM on an ETO programme and that 
ΨǘƘƛǎ ŦǊŀƳŜǿƻǊƪ Ƙƛǘ ŜǾŜǊȅ ŀǎǇŜŎǘ ƻŦ ǘƘŜ ƛǎǎǳŜǎ ƛƴ ǘƘŜ t[a ƛƴǎǘŀƭƭ ǇǊƻƎǊŀƳƳŜ ǘƻŘŀȅΩΦ F.16 stated that the 
ŦǊŀƳŜǿƻǊƪ ΨǿƻǳƭŘ ōŜ ǳǎŜŦǳƭ ǘƻ ƻǳǊ ƻǊƎŀƴƛǎŀǘƛƻƴ ŀǎ ǿŜ ōŜƎƛƴ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǇǊƻŎŜǎǎΩΦ 

The framework was described by F.3 ŀǎ ōŜƛƴƎ Ψan invaluable asset to any business embarking on the 
implementation of PLMΩ. It was also highlighted by F.3 that the wide and varied research approach as a 
strength, which included different ETO products, and which recognised key themes that F.3 identified 
with during their PLM implementation. The systematic way with which the framework considered the key 
elements in PLM implementation was identified by F.6 and which was supported by F.9 who described it 
as robust and well considered and F.17 ǎǘŀǘŜŘ ǘƘŀǘ ǘƘŜ ŦǊŀƳŜǿƻǊƪ Ψǿŀǎ ǿŜƭƭ ǘƘƻǳƎƘǘ ƻǳǘΩΦ This was further 
supported by F.10 ǿƘƻ ǎǘŀǘŜŘ ǘƘŀǘ Ψǘhis framework is clearly the result of a well-conceived and 
comprehensive fact-based approach. I applaud the author for providing a unique insight and synthesis of 
this complex materialΩ.  

F.10 highlighted ǘƘŀǘ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ǎǘǊǳŎǘǳǊŜ ƛǎ ŀ ΨƴƻǘŜǿƻǊǘƘȅ ǎǘǊŜƴƎǘƘΩ ŎƛǘƛƴƎ ǘƘŜ ǎƛƳǇƭŜ ŀƴŘ ƛƴǘǳƛǘƛǾŜ 
graphical representation. He also stated ǘƘŀǘ ΨƘŜ Ƙŀǎ been in the business of producing ETO products for 
nearly 25 years and has not seen such a reasoned, thorƻǳƎƘ ŀƴŘ Ǌŀǘƛƻƴŀƭ ǇǊŜǎŜƴǘŀǘƛƻƴΩ. He went onto say 
that he Ψcan easily envision using this framework as a basis for establishing a PLM programme and 
providing direction to my teamΩΦ ¢ƘŜ ŦǊŀƳŜǿƻǊƪ ǎǘǊǳŎǘǳǊŜ ǿŀǎ ŀƭǎƻ ƘƛƎƘƭƛƎƘǘŜŘ ōȅ F.12 as a strength 
ǎǘŀǘƛƴƎ ǘƘŀǘ Ψǘhe information, people, process and technology approach has allowed us to focus on the 
real areas of challenge in terms of PLM implementation, specifically cultural change and enabled 
processes. This was supported by F.13 ǿƘƻ ǎǘŀǘŜŘ ǘƘŀǘ ƛǘ ƛǎ ΨƎƻƻŘ ǘƻ ǎŜŜ ǘƘŜ ƻōƧŜŎǘƛǾŜǎ ŎŜƴǘǊŜŘ on people, 
ǇǊƻŎŜǎǎ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴΩΤ ǘƘƛǎ ŎƻƳƳŜƴǘ ǎupported the lack of technology objectives in the framework. 
The usefulness of the framework not just for ETO products but for other industries was raised by F.7 and 
F.9. 

The quality of the research overview and framework posters was highlighted by F.13 who stated that it 
ǿŀǎ ŀ ƎǊŜŀǘ ǇǊŜǎŜƴǘŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ƪŜȅ Ǉƻƛƴǘǎ ŎƻǾŜǊŜŘΩ. This was supported by F.19 who stated that the 
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visual poster was good and the 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.  

0 ǎǘŀǘŜŘ ǘƘŀǘ ƛǘ ƛǎ ŀ ΨǾŜǊȅ ƘŜƭǇŦǳƭ t[a ŦǊŀƳŜǿƻǊƪΩ ŀƴŘ ǘƘŀǘ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊ ΨŎƻƴǎǳƭǘŜŘ ǎǳŦŦƛŎƛŜƴǘ ƛƴŘǳǎǘǊȅ 
t[a ŎƻƳǇŀƴƛŜǎκǇŜƻǇƭŜ ǘƻ ŎƻƳŜ ǘƻ Ƙƛǎ ǘƘŜǎƛǎ ŎƻƴŎƭǳǎƛƻƴǎΩΦ  

8.3 Industrial use in an ETO product 

BAE System Naval Ships has used the themes identified in the framework for the development of its PLM 
approach described in its iBoM strategy. This enabled PLM to support the objectives of Type 26 and to 
overcome the challenges related to ETO products as described in Section 2.4. The success of the naval 
ships PLM strategy was identified 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 objectives for the customer 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 a superior product with the Type 26, but also that the PLM approach employed 
would support the development of the GCS export NPD. The iBoM strategy was also used to describe to 
the export customers how this would enable their required design changes to be incorporated 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 business as leaders in the field of PLM in Naval shipbuilding. As the iBoM 
strategy is a commercially sensitive document it has not been included in this thesis. 

8.4 Summary 

This section has 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 customer. The results indicated that the framework 
content and structure was valuable but there is scope for further research to develop the framework 
electronically to help with communicating the detail behind the themes e.g. that described within Section 
7.  

Interview Question 13 asked: Ψ²ƻǳƭŘ ŀ ŦǊŀƳŜǿƻǊƪ ŀǎǎƛǎǘ ǿƛǘƘ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ŦǊƻƳ ŀǎ-is to the to-be, if so 
ƘƻǿΩ ǿƛǘƘ ǘƘŜ ŀƛƳ ƻŦ ŜǎǘŀōƭƛǎƘƛƴƎ ǿƘŜǘƘŜǊ ŀ ŦǊŀƳŜǿƻǊƪ ǿƻǳƭŘ ŀǎǎƛǎǘ ƛƴ t[a ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΦ ¢ƘŜ 
interview responses confirmed 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 question influenced the main 
evaluation to establish whether this criterion had been met. 

The main evaluation used a questionnaire to ask selected participants from ETO products for their opinion 
on statements related to the framework. These statements were used to capture the quality, structure 
and versatility of the framework using a Likert scale. They were worded to ensure that they were not 
leading the participant to provide a particular rating. The responses to the questionnaire statements and 
the comments supported the objectives of the questionnaire for quality, structure and versatility with the 
95% of the responses either agreeing or strongly agreeing with the statements. 

The Industrial use of the framework in an ETO product described that the findings from the research 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 contracts for Australia and Canada.  
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  Discussion 

This research has shown that a PLM implementation framework is required for the specific context of ETO 
products. This section discusses the thematic analysis findings from Section 7 and relates them to the 
research problem of PLM implementation on ETO products described in Section 2 and with the Type 26 
case study described in Section 5. The structure of this section will focus on each of the categories of 
information, process, people and technology as shown in the PLM implementation framework. Although 
a specific framework in the context of ETO products is required, there is a significant contribution to PLM 
implementation research by other authors. The discussion chapter will relate where appropriate the 
relevant literature, albeit generic 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 of information objectives, challenges and enablers that are required 
to support the ETO NPD. The thematic analysis captured the importance of managing the information 
provided and consumed by all of the stakeholders throughout the lifecycle of the programme. It also 
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 section 5.4 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 integration of information as described in 
Section 5.4 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 for the programme 
stakeholders to consume the information to progress the NPD.  

The PDM system used on the Type 26 case study will provide the master source of the system design BoM 
information to be integrated into the CAD model. The fully detailed design BoM is then published into the 
PDM system for digital planning, as described in Section 5.5. This presents challenges due to the significant 
volume of BoM information published across the interface which requires all of the information enablers 
identified in Section 7.6.1 to be applied. The timing of the publication across the interface is critical, as 
proceeding too early will result in large volumes of information being continually repeated 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 management is important. The 
maturity of the information must be managed and understood, as described in the case study 
requirement in Section 5.1. 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 product information is immature and publication between the CAD to PDM system is allowed to 
commence, then will this result in the publication process continually repeating to reflect changes due to 
the evolving product maturity. This will also impact the data quality measures in the programme as an 
understanding is required for what are genuine quality issues or those which are evolving BoM 
information due to immaturity. Therefore, it is difficult to understand the quality of the BoM due to 
continuing publication of the updated information across the PLM systems of systems.  

The case study requirements, illustrated in the HOQ in Figure 14 in Section 5, require information stability. 
The downstream consumers of engineering information in the case study utilise the product information 
to achieve their objectives such as: digital planning (Section 5.5); design for support (Section 5.6); 
repeatable manufacturing identification (Section 5.8); and, completions management (Section 5.9). 

 If this information changes once consumed by other stakeholders then it may require rework and 
introduce quality 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 in Figure 8 in Section 2.4.6. 

The framework, as described in Section 7.5.1.3, demonstrates that there are challenges with applying 
configuration control to the evolving ETO product. There is a balance between when to apply 
configuration control aligned with the defined maturity criteria to provide stability to downstream 
activities and the burden of applying change management processes. As illustrated in Figure 8 in 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 phase. This will assist in managing the evolving 
design of ETO NPD. The reason for applying configuration control is to provide stability for the next phase 
but, when it is applied, there is a change management overhead to the programme. Maturity 
management must inform the configuration management approach to ensure that the timing of 
constraining the design is appropriate. If the information is constrained too early and there is a change 
overhead applied to the programme but leave it too late and the stability of the design and build life-cycle 
is affected. BAE Systems has attempted to resolve this challenge by using lifecycle phase reviews at 
appropriate points in the lifecycle. Examples of these are shown in Figure 38 where there are a series of 
reviews focusing on the maturity of the design at various points in the lifecycle.  

 

 

Figure 38 Design lifcycle phase reviews 

These phase reviews evaluate the whole integrated design and if passed will result in design artefacts 
such as documentation, drawings and BoM,  having baselines applied 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 overlapping phases. These 
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 all the zones are mature before continuing to the next phase would introduce 
considerable additional time to the design and build lifecycle. Figure 39 shows the review lifecycle for 
individual design zones, where the reviews are aligned to the increasing maturity of the zone, they can 
also be linked to milestones.  
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Figure 39 Individual design zone reviews 

The detail design zone readiness reviews evaluate the maturity of the design for progressing from system 
design to detail 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 for each 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 start 
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 applied following 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. The integrated 
design reviews and the individual design zone reviews are shown in the context of the CADMID, Shipbuild 
and configuration baseline lifecycles in Figure 40. 
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Figure 40 Lifecycle phases and maturity reviews 

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 7.5.1.3 once 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. Once constrained 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 system. This is demonstrated in the RN 
case study where configuration control is applied to the BoM across the CAD/PDM/ERM interface through 
the requirement for the integrated PLM systems described in Section 5.4. The configuration control of the 
information also has a close relationship to the requirements for maturity management described in 
Section 5.1 and across the various product BoM hierarchies described in Section 5.2, which in turn have 
associated BoM elements as described in Section 5.3.  

The scenario described in the figures below illustrates information integration and the impact of change 
on a Naval Ship NPD. Figure 41 illustrates how the BoM for the system design 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 PDM system to reflect the information provided by the supplier, which consequentially 
is used to measure the maturity to support the zone readiness reviews as shown in Figure 39. 
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Figure 41 The system design populated in the PDM system based on supplier information 

As the zone readiness 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 shown in Figure 
42. This enables the detail design to commence and the BoM for the compartment to be modelled in the 
CAD system.  
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Figure 42 The system design BoM synched with the 3D CAD environment 

The detail design team will not only model the 3D representation of 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 routes. Figure 43 shows 
a representation of a diesel generator compartment model with the system and design BoM at the final 
zone integration review.  

 

Figure 43 The detail design of the diesel generator compartment at the final zone integration 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 manufacturing planning, as shown in Figure 44.  
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Figure 44  The publishing of the detail design BoM to the CAD to the PDM environments 

With the design being assessed as mature the activities 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 shown in Figure 45. 

 

Manufacturing drawing from the 3D CAD system at a zonal transition review to manufacturing
 

Figure 45 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 requirement described in the case study in Section 5.5. 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 illustrated in Figure 46.  
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Figure 46 The Engineering BoM associated to workpackages to create the manufacturing BoM 

As described in Section 7.5.1.3 the information challenges for the implementation of PLM on ETO products 
include the management of product information maturity and its relationship to change, configuration, 
schedule and cost. If there is emergent change such as with an update to supplier information then this 
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may have a significant impact on the programme. Figure 47 illustrates the impact a supplier initiated size 
and weights change on the diesel generator to the compartment model and the interconnected BoM. This 
results in consequential change to the structural 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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Figure 47 A supplier change to the size and weight of the diesel generator 

The requirements in the case study for the improved BoM level of detail, Section 5.2, and the association 
of related BoM elements, Section 5.3, result in increased impact of the change shown in Figure 47. This 
greater the level of detail on the BoM results in more interconnections impacted by the change. This 
includes: 

¶ The system design BoM being updated based on new supplier information, as illustrated in Figure 
41 

¶ The synching of the new information to the 3D CAD system, Figure 42 

¶ Updates to the 3D model, Figure 43 

¶ Republishing of CAD detail design BoM to the PDM system, Figure 44 

¶ Production drawings being changed, Figure 45 

¶ Planning activities having to be reworked, Figure 46 

¶ Other rework such as with design for support, Section 5.6, Supply chain activities, Section 5.7, 
repeatable manufacturing identification, Section 5.8 and completions management, Section 5.9 

Therefore the impact of 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 schedule. This includes not only updating the information but identifying the affected BoM items 
amongst the large volume which potentially may be impacted. These challenges are discussed in Section 
2.4 and 7.5 and the findings described in Section 7.6.1 provide guidance on enabling information 
management improvements to overcome these difficulties.  

Section 7.6.1.1 stated that a policy is required to establish what information is important, who owns it 
and how it will be used in the programme. This policy can support 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 change on the cost and schedule as 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 greater 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 Section 7.6.1.2 who include those 
described in the change scenario, such as system 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 as possible, to reduce the 
impact of change on the cost and schedule of the programme. This will also assist with managing data 
quality as described in 7.6.1.3 as the volume of information will be reduced enabling improved analysis, 
governance 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.  

PLM will not solve all of the challenges on an ETO product, such as an immaturity, but will enable the 
programme to have consistent, valid and reliable information which can be used to make decisions on the 
programme. The case study in Section 5 represents a PLM environment which provides integrated 
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 decisions. This information 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 illustrated in Figure 38 or the zonal review points in Figure 39.  

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 understood 
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 will determine when, how and what information will be 
constrained into change management, as described in Section 7.6.1.4. The timing of baselines and the 
resultant configuring of the information into change control is an important enabler for 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 carefully 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 shown in Figure 39 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 information and the demands of the 
programme schedule. 

Having consistent information through a single point of truth is required to enable maturity and levels of 
correctness to be understood. The case study demonstrated that existing information can be used to meet 
programme objectives through integration 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 improved 
understanding of the programme performance. This enables the management team to make informed 
decisions. The reduction in information sources and improving their integration is an important enabler, 
but these must be supported by the appropriate information 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 analysis in Section 7.6.1 demonstrated that information integration 
is necessary to ensure right-first-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 interconnections, but 
it can be used to inform data quality and reporting activities once the ETO information policies have been 
created. As shown in Figure 48, a combination 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 integrated; and,  

¶ The alignment with the configuration and change management approach. 

Investigating, documenting, agreeing and implementing this information approach will enable the 
information challenges identified in the research to be overcome.  

 

 

Figure 48 An Integrated information approach is required to meet the objectives of all stakeholders 

As described in Section 7.6.1.2 to 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 within a cross functional PLM team who will have responsibility regarding the information detail, 
including: 

¶ where it is mastered; 

¶ what is to be published;  

¶ when and where it will be published; and, 

¶ monitoring its quality and publication success.  

 

On Type 26 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 PLM (iBoM) strategy, CAD/PDM publishing, and maturity management to support 



  

 

  181 

 

the requirements identified in Section 5. Whilst this team has been a success in facilitating the cross-
functional PLM requirements, the findings from this research have concluded that the team must include 
cross-functional 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 enabled to 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 described in 7.4.1.4 are 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 management policy. 

9.2 Process 

The framework shows that 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 Section 7.4.2.2 and in the demanded quality 
improvements to Type 26 in the case study, as illustrated in Figure 14 in Section 5. The ETO challenges 
described in Section 2.4 stated that there is no prototype to remove errors before manufacturing 
commences, therefore right first time quality is an important business objective.  

Scheubel et al., using the implementation of a new PLM system within the energy sector as a case study, 
stated that the implementation of PLM will enable process optimisation, process quality and will also lead 
to cultural change [158] . They then described how the new PLM system will introduce initial process 
overheads and will 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 they are increasingly developed to align 
with the business processes. Careful consideration must be given to enlarged electronic workflows as the 
thematic analysis described in Section 7.5.2.1 described how overly complex processes are 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 
7.6.2.2 to provide guidelines and governance over process complexity 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, and will be detrimental 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 requirement for flexibility in the processes in order to adapt to the constant emergent changes. 
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 result in 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 support the complex programme development, and those which are flexible enough to manage the 
uncertainty.  

As illustrated in Figure 49 and described in Section 7.6.2.1 there is a need to develop 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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Figure 49 Cross functional team for ownership and effective implementation 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 out-with the traditional functions such as engineering and supply chain 
are those required to support security, export and IPR objectives. The Type 26 ETO product has increased 
in complexity due to the successful CSC and HCF export wins. This has resulted not only in the extension 
of the management of information across variants as described in Section 9.1, but also with the processes 
with which the stakeholders must follow to meet the security, export and IPR obligations. Without the 
cross functional 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. These processes 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, the current 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 extended for security, export and IPR obligations and to ensure that document 
management and publication meets the business objectives for the GCS export wins, as each customer 
will have their own requirements for contractual deliverables. The guidance in the framework must be 
followed to ensure these previously simple document management processes do not become overly 
complicated. The change management workflows are more complicated due to the complexity of the 
programme with regard to uncertainty, emergent change and its relationship to configuration 
management. This requires 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. Due to these 
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 to manage the product information such as with 
the diesel generator scenario described in Section 9.1. Guidelines and governance over process 
complexity must be introduced to ensure they are simple and usable, as described in Section 7.6.2.2. 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 partners and the supply chain, as described in Section 7.6.2.3.  

The standardisation of processes in ETO product development is challenging due to the bespoke highly 
customised nature of the product, as described in Section 2.4.5. The PLM environment can support these 
nonstandard activities by ensuring that the necessary process support is enabled where appropriate. The 
case study in Section 5.8 demonstrated the need for the identification 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 manufacturing [86] and 
Pulkkinen et al. identified that there were significant opportunities for using PLM capability to transform 
bespoke ETO products into standardised processes more commonly seen 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 engineering. 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 identified against the product artefacts. This will reduce 
the number of non-standard manufacturing processes since any identified will be targeted for removal 
where possible. Whilst the PLM processes, information, training and technology will support 
improvements 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 the programme schedule is not impacted due 
to the enormity of the repeatable identification activities on large volumes of data.   

9.3 People 

The framework provides the people aspects required to enable successful PLM implementation on ETO 
products. For a successful 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 Section 7.6.3.1. 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 challenges to be overcome, the 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 information, should 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 day-to-day work of engineers [169]. The company was facing significant quality issues and the 
senior management team decided to implement PLM even though it would require additional cost to 
provide resources to support the overhead identified by the engineering team. Bokinge and Malmqvist 
also stated the importance of ensuring management support and highlighted that a delay in the 
commitment of managers affected a PLM implementation with initial activities taking longer than 
necessary [56]. Alemanni et al. developed a method of evaluating PLM implementation through the 
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development and measurement of Key Performance Indicators (KPI) which they validated on a one-of-a-
kind organisation producing satellites [170]. They focused on document and configuration management 
but the approach could be developed to improve the measurement and communication of PLM benefits 
to the senior management 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 frequently 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 change such as with Kotter who established an 8 
stage process for implementing business change management [171]: 

1. Establishing a sense of urgency 
2. Creating the guiding coalition 
3. Developing a vision and strategy 
4. Communicating the change vision 
5. Empowering employees for broad-based action 
6. Generating short-term wins 
7. Consolidating gains and producing more change 
8. Anchoring new approaches in the culture 

YƻǘǘŜǊΩǎ ŀǇǇǊƻŀŎƘ ŎƻǳƭŘ ōŜ ŀǇǇƭƛŜŘ to business change management in ETO programmes to support the 
enabler of providing continuing evidence of the benefits of PLM to the senior management team, as 
described in Section 7.6.3.2. However, due to the unique nature of these products, the PLM 
implementation framework must provide SQEP to enable the successful deployment of business change 
as described in Section 7.6.3.4.  

Stark stated that more than 20% of employees in a company can be affected by a PLM implementation 
[172]. Due 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 organisational change [158]. 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 PLM implementation, 
careful attention must be made to those persons who may have been undertaking a similar role on 
another ETO programme for many years but with a different information management approach and 
technology. The framework highlights that a comprehensive change initiative must be developed and 
implemented as described in Section 7.6.3.2Φ ¢ƘŜ ŀǇǇǊƻŀŎƘ ŎƻǳƭŘ ǳǎŜ ŀǇǇǊƻŀŎƘŜǎ ǎǳŎƘ ŀǎ YƻǘǘŜǊΩǎ у ǎǘŜǇǎΣ 
but the challenges are significant, especially as the benefits to an individual may be minimal as the 
improvements will be demonstrated later in the lifecycle, which may be many years in the future. Rangan 
et al. described the weighting given to a conceptual equation used in the car industry to describe how to 
achieve success in implementing a new PLM system [31]. They stated 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 = success 

E = empowered trained people 

P = having the process defined 

T = technology 
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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 the implementation. 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 failed due to an over focus on technology and not on the people 
and process aspects. The thematic analysis in Section 7.6.3.2 found that that a cross functional PLM 
education programme, which is embedded in the core business, is required to enable the success of the 
PLM implementation. The SQEP PLM team will enable the development and implementation of that 
ŜŘǳŎŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜ ŀǎ ǿŜƭƭ ŀǎ ŎƻƳƳǳƴƛŎŀǘƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǎǘŀǘǳǎ ǘƻ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΣ 
as shown in Figure 50.  

 

 

Figure 50 A cross functional PLM team for senior management communication, business change 
management and education 

This approach is supported by Bokinge et al. who followed their review of PLM implementation guidelines 
[173] with a proposed approach to identify risks associated with PLM implementation [173]. They 
highlighted research from Hewett [169] who stated 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 
PLM failures would be to assess the PLM solution during its implementation. They 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 of excellence with representatives from different divisions, 
which supports the enabler of a SQEP cross functional PLM team. They found a positive correlation 
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between the organisations strategy of a PLM centre of excellence and the implementation guidelines to 
ΨǎŀǘƛǎŦȅ ǊŀǘƘŜǊ ǘƘŀƴ ƻǇǘƛƳƛǎŜΩ ŀƴŘ ŀƭǎƻ ǘƻ Ψŀǎǎƛǎǘ ǿƛǘƘ ŘŜŦƛƴƛƴƎ ǘƘŜ ōŜƴŜŦƛǘǎ ǘƻ ŀƭƭ ǎǘŀƪŜƘƻƭŘŜǊǎΩΦ  

Bokinge and Malmqvist stated that users must be educated not only on how to perform tasks, but also 
why [56]. In the context of ETO products it is important that the stakeholders receive training relating to 
the implications of their actions and non-actions within the PLM environment and the interconnections 
across the product artefacts and processes. The balance of training is important and a tailored, 
differentiated education programme is required to 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 as that emerging factors are the norm, this way they can be trained to manage them. There 
may be opportunities to learn from other organisations who manage significant emergent challenges, 
such as from accident and emergency teams who manage their continuing emergencies.  

The case study in Section 5 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 in the 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 shown in Figure 51. 

 

 

Figure 51 Education delivery for different levels of the organisation. 

9ŀŎƘ ǎǘŀƪŜƘƻƭŘŜǊΩǎ ŜŘǳŎŀǘƛƻƴŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ŘƛŦŦŜǊ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜƛǊ ǊƻƭŜΣ ŜΦƎΦ ǎŜƴƛƻǊ ƭŜŀŘŜǊǎƘƛǇ ǊŜǉǳƛǊŜ 
detail on the 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 is involved in 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 short step-by-step how-to guides, Computer-Based 
Training courses (CBT) or classroom-led courses 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 roles has been completed. 

The success of the GCS export programme required additional training as the Australian and Canadian 
customer, and business units, do not have the experience of the previous RN programmes. Therefore PLM 
fundamentals which had been learned tacitly 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 approach by expanding 
academic partnerships.  

9.4 Technology 

The framework does not 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 responses targeted 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 longevity of the PLM technology to 
ǎǳǇǇƻǊǘ ŀƴ 9¢h ǇǊƻƎǊŀƳƳŜΩǎ ƭƻƴƎ ƭƛŦŜ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŀ ŎƘŀƭƭŜƴƎŜΣ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ {ŜŎǘƛƻƴ 7.5.4.1 . These 
toolsets are required to be maintained over decades to support a large number of different processes 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 technology used in ETO programmes is configurable to meet 
the requirements of the business as discussed in Section 7.6.4.1. Configurable technology enables the 
business to upgrade its toolsets quickly and efficiently to the latest versions to ensure that they are 
supportable and any new vendor supplied capability can be leveraged. Rangan et al. described how early 
PLM implementations used in-house developed PLM toolsets meaning that ownership resides with the 
business. They recommended that COTS PLM toolsets which are configurable to align with the business 
process are used [31]. 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 customisation [173]. 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 Section 7.6.4.1 described how COTS PLM technology was 
customised to meet the needs of the programme, resulting in significant long-term impact to the business. 
Any configuration of the PLM technology must be carefully governed and approved only when the 
requirements are understood, validated and meets the business objectives, this can be managed by the 
cross functional PLM team.  

Toolset development must focus business objectives, priorities and ease of use to ensure technology and 
process complexity is reduced, as discussed in Section 7.6.4.3. 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 Section 5.4. Not all of these requirements can be delivered through 
configuring the toolset. The thematic analysis in section 7.6.1.2 found that the integration of CAD and 
PDM was identified as a significant issue in ETO programmes. An example is with the case study described 
in Section 5.4 where the requirement was to integrate data, processes and technology. This required CAD 
and PDM integration between two toolsets which did not have 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 challenge of creating a system of systems through toolset 
integration and rationalisation in Section 7.5.4.3. As the CAD and PDM toolsets where not designed to be 
integrated, the ETO organisation used its influence to convince the CAD and PDM providers to develop 
OOTB functionality. The 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 ETO programmes. This 
approach was successful with an OOTB CAD/PDM integration delivered. Due to its long lifecycle the 
CAD/PDM integration was not required until the detail design phase of the ETO NPD, allowing the 
technology providers time to develop and implement 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 functionality within their COTS software ǘƻ ƳŜŜǘ ǘƘŜ ǇǊƻƎǊŀƳƳŜΩǎ ƴŜŜŘǎΦ ²ƘŜǊŜ 
the interfaces are across toolsets with different providers, consideration should be given to the long-term 
technology strategy to either replace the toolset/s or a guarantee that commercial agreements will be in 
place to ensure that the vendors work together to the agreed development plan. This was the approach 
undertaken by Type 26 as described in Section 5.4. The CAD and PDM applications are provided by 
different companies who undertook a commercial agreement to integrate their products. Scheubel et al. 
argued that the implementation of PLM technology must be hand-in-hand with the business change 
approach  [158], which is consistent 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 toolset rationalisation, as discussed in Section 
7.6.4.2, will result in a reduced numbers of PLM toolsets to support more processes than ever before. This 
will result in a smaller technology footprint in the ETO programme but with the consequence that these 
systems will have more information, greater user interaction and increased volume of information 
exchanged between the toolsets with the result of a greater burden on the technology interfaces. To 
ensure the information integration can be supported the IT architecture must be improved in parallel with 
the greater burden on the smaller number of PLM toolsets, as discussed in Section 7.6.4.4. Figure 52 
illustrates the IT architecture improvements required as the PLM system of systems is rationalised and 
integrated.  

 

 

 

Figure 52 IT architecture improvements as PLM technology is integrated and rationalised. 

9.5 Research methodology 

The research has relied on experts in the field of ETO products who have an interest in the successful 
implementation of PLM to generate and evaluate the findings, which was directed by the research 
methodology. The methodology which explained the methods to conduct the research, support the 
determination of the results and ensure it can be repeated by others is described in Section 4. 
Understanding the philosophical perspectives of the researcher, in relation to the research problem, was 
important as it supported the choice of the tools and techniques used to determine the research results. 
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The ontological perspective about the nature of reality based on the ǊŜǎŜŀǊŎƘŜǊΩǎ beliefs and values was 
identified as being relativism. The reason for tƘƛǎ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ǿŀǎ ŘǳŜ ǘƻ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ōŜƭƛŜŦ ǘƘŀǘ 
there are many truths dependant on the actors in the environment. Truth, meaning and knowledge had 
to be determined from these many truths. This was captured by identifying patterns in the results. These 
patterns were evidenced to ensure that they were correct and not contaminated with untruths or poorly 
evidenced facts. They were clearly explained so that the results could be repeated by others. The choice 
of thematic analysis and the NVivo qualitative analysis tool software to determine the research results 
was based on a need to identify these patterns in the research results. The raw data used to determine 
the patterns is contained in Appendix C, which supports the audit 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 and options. The epistemological perspective of subjectivism was identified 
ŘǳŜ ǘƻ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ōŜƭƛŜŦ ǘƘŀǘ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ǘƘŜǊŜ ŀǊŜ ƻƴƭȅ ǎǳōƧŜŎǘƛǾŜ ǘǊǳǘƘǎΣ ŀƴŘ 
that interaction with experts in the field of PLM will identify meaning and ultimately the research findings. 
The ontological and epistemological perspectives of relativism and subjectivism directed the methodology 
perspective as qualitative, as this supported the interaction with the actors in the field of PLM to identify 
the meaning, truth and knowledge. The basic belief system, or paradigm, based on these perspectives 
was ǳǎŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ǾƛŜǿ ƻŦ ǘƘŜ ǿƻǊƭŘΦ ¢Ƙƛǎ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ interpretivism as the 
researcher believes that knowledge or meaning can be gained from the ŜȄǇŜǊǘΩǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ŀ 
situation, i.e. the subjective experience of experts in the field of PLM in ETO products. The research 
approach based on these perspectives identified participatory action research as it supported the 
interaction with these experts.  

The experts were identified from a number of ETO organisations but the majority were from the maritime 
sector, due to the motivation for the research was to support business transformation within BAE Systems 
Naval Ships. Type 26 was chosen as a case study as it provided a unique opportunity to undertake research 
in an NPD ETO product over more than eight years. Using six sigma DMEDI provided a structure not only 
to undertake the research but also to assist with planning and to communicate progress. DMEDI identified 
that capturing the voice of the customer on a PLM implementation was important. It provided the HOQ 
tool to relate the voice of the customer, in other words the demanded quality improvement, with the 
functional requirements to meet the identified improvement. The case study provided an opportunity to 
discuss the real-life PLM implementation with the findings from the research. This provided greater clarity 
to the enablers provided in the framework. 

The semi-structured interview process and the subsequent analysis in NVivo to generate the themes were 
undertaken over approximately two years. The effort required to generate the themes provided the 
evidence of truthfulness as each theme can be traced back to the key points in the interview responses. 
This also assisted with describing each of the themes in Section 7 as NVivo enabled the collation of the 
key points within each of the themes, as illustrated in Figure 22 in Section 6.5. This also assisted with the 
discussion between the case study and the enabler themes in the framework by linking the identified 
quality improvements in Section 5 with the themes described in Section 7 

9.6 Summary 

This section discussed the framework described in Section 7 in relation to the research problem described 
in Section 2 and the requirements identified in the Type 26 GCS case study in Section 5. The structure of 
this section focused on each of the categories of information, process, people and technology. The section 
described how quality was improved through integration of key PLM technology 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 require 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 interfaces. The 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 ETO products. 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 numerous activities to 
support the programme, with 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 multiple design zones. Scenarios were provided 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, maturity, and change and configuration management. 

The importance of reducing the complexity of processes was discussed and that a cross functional PLM 
team will provide process ownership, development, standardisation, LFE 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 discussed. 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 importance of ensuring 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 requirements 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 objective in its 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 assist with avoiding the customisation of the toolsets which would have a major 
impact on the supporting and upgrading the technology. Any development of the PLM technology, 
including configuration, should be based on business priorities and ensure that they support a reduction 
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 be support the ETO NPD through-life. 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 architecture. These 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 user interaction in a smaller number of toolsets, and the increased 
volume of information across the interfaces in these integrated toolsets. Table 14 shows whether the 
enablers described in the framework have a strong, moderate, and weak or no enablement to overcoming 
the PLM challenges described in Section 2. 
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Develop policies to capture what information is required 
and how it will be used within an evolving complex product. 

3 3 3 3 2 2 

PLM information integration, policy development, 
standardisation, learning from experience and adherence 
using suitable expertise within a dedicated cross functional 
team. 

3 2 3 3 2 3 

Develop data quality and governance policy and adherence 
approach. 

2 2 2 3 3 2 

Develop configuration and change management approach 
across ETO product classes and variants. 

3 3 3 3 3 2 

PLM business process ownership, development, 
standardisation, learning from experience and adherence 
using suitable expertise within a dedicated functional team. 

2 2 2 2 2 3 

Guidelines and governance over process complexity to 
ensure they are simple and useable. 

3 2 3 3 3 2 

Mandate utilisation of PLM processes internally, to partners 
and the supply chain. 

2 3 3 3 2 3 

Provide continuing evidence of benefits to senior 
management to enable support and maintain PLM 
sponsorship. 

3 3 3 3 3 3 

Develop and implement a comprehensive business change 
initiative on PLM. 

3 3 3 3 3 3 

Develop and implement a cross functional PLM education 
programme embedded within the core business training 
programmes emphasising core values and objectives. 

3 3 3 3 3 3 

Develop PLM objectives, education approach and support to 
the business using suitable expertise within a dedicated 
cross functional team. 

3 3 3 3 3 3 

Identify and implement configurable PLM toolsets with 
minimal customisation. 

2 2 2 3 2 3 

Drive integration and information through toolset 
rationalisation. 

2 2 2 3 2 3 

Focus on toolset development on business objectives, 
priorities and ease of use to reduce complexity of 
technology and processes. 

2 2 2 3 2 3 

Implement IT architecture improvements to support new 
PLM capability and ensure toolset performance. 

2 2 2 3 3 3 

 

 0 Not an enabler  
 1 Weak enablement 
 2 Moderate enablement 

3 Strong enablement 

Table 14  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 
organisations 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 how the themes 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 world PLM implementation on the Type 26 GCS.    
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 Conclusion 

The research presented within this thesis is the first ever framework for implementing PLM within high 
value ETO programmes. PLM implementation is extremely challenging and expensive with $29.9 billion 
being invested globally in PLM in 2011 of which $19.1 billion (64%) of that was in the technology 
applications themselves. The need for adopting advanced programme management techniques, of which 
PLM forms a key component, is illustrated by 65% of 300 projects with a budget bigger than $1B failing to 
meet their objectives, whether it is safety, 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 the PLM technology 
implementation. This is not trivial as the alignment of business objectives, process and functionality is one 
of the key challenges to PLM implementation and is an area that the PLM technology providers have 
difficulty in resolving. This research addresses these and other challenges by developing a PLM 
implementation framework. This research has influenced the BAE Systems Naval Ships PLM approach for 
the design, build and in-service support for the FOC new generation Royal Navy vessel, the Type 26 GCS. 
The PLM approach was also used as a key differentiator in the successful competitive export bids for the 
Australian Hunter Class Frigate and the Canadian Surface Combatant, both of which are variants of the 
Type 26 reference design. PLM is critical to the success of the GCS as it is required to ensure that the 
design information for variants is managed effectively. 

10.1 Scope and research problem identification 

The research describes the need for the development of a framework with which to implement PLM on 
ETO products in Sections 1 and 2. The significant contribution to knowledge therefore is: A framework to 
support the implementation of Product Lifecycle Management (PLM) on Engineer to Order (ETO) 
products. The thesis describes the 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, in comparison to other product types such as ATO, ATS and MTS, and 
used this to provide an overview of the PLM related challenges of ETO products. These key challenges 
were identified as:  

¶ Complexity and uncertainty; 

¶ Customer interaction and procurement; 

¶ Product customisation; 

¶ Bill of Material, configuration, change and maturity management; 

¶ Project management; and, 

¶ No physical prototype. 

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 is available to determine the gap in knowledge and with 
which to address the research problem.  

10.2 Review of literature relating to PLM implementation on ETO 
products 

The review and critique of the literature on PLM relating to the key challenges with ETO products 
demonstrated the gap in knowledge with respect to approaches for PLM implementation on ETO 
products; these are discussed in Section 3. The literature provided information on PLM including 
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implementation guidance but was either 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 ETO products does 
not exist and is required due to the proven difficulties with cost and schedule overruns on these 
programmes. 

10.3 Research methodology 

The research methodology described in Section 4 influenced the research approach, including the three 
Ƴŀƛƴ ǇƘƛƭƻǎƻǇƘƛŎŀƭ ǇŜǊǎǇŜŎǘƛǾŜǎ ŦǊƻƳ ŀ ǊŜǎŜŀǊŎƘŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ǘƻ ǘƘŜ ǊŜǎŜŀǊŎƘ ǇǊƻōƭŜƳΥ hƴǘƻƭƻƎȅΣ 
Epistemology and Methodology. The importance of understanding these perspectives, and making 
appropriate choices, was to ensure that the research outcome was based on the appropriate philosophical 
position. As the knowledge for a PLM framework on ETO products is possessed by experts in the field, 
relativism was identified as the most appropriate approach as there are many truths which are dependent 
on the actors in the environment. The epistemological perspective identified was subjectivism as the 
research perspective is that there are only subjective truths, and it is interaction with the experts in the 
field of PLM on ETO products that co-create 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 interaction with experts in 
the field of PLM in ETO products. The paradigm identified for this research was interpretivism, which 
ŀǎǎǳƳŜǎ ǘƘŀǘ ƪƴƻǿƭŜŘƎŜ ƻǊ ƳŜŀƴƛƴƎ Ŏŀƴ ōŜ ƎŀƛƴŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƳŜƳōŜǊǎΩ ƻǊ ŀŎǘƻǊǎΩ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ŀ 
situation; the real world of first person, subjective experience of those experts in the field of PLM in ETO 
products. Participatory action research was used as the research approach as it supports interaction with 
experts in the field of PLM in ETO products. The research strategy was using business 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 time-line was chosen as the time horizon for the 
research as the case study design, data capture, framework development and evaluation was undertaken 
over an eight year period through the lifecycle of Type 26. The research design of using six sigma was used 
as a proven formalised structure that provided a set of tools, using Six Sigma DMEDI, which enabled the 
development of the PLM implementation framework for ETO products. 

Based on this research methodology, the framework was developed using a qualitative methodology from 
on the analysis of 27 semi-structured interviews, and 1 pilot interview. The participants were senior 
personnel from 11 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 
stakeholder with 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 the implementation 
of PLM on ETO products. Each theme generated in the framework was supported by both interview 
responses, and references to literature where available, to ensure that the findings were triangulated 
across multiple sources. The interviewees were from ETO 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 shown in Figure 11, and described in Section 4.3, uses the Measure 
phase to define the requirements and its relationship to the research problem. This requires capturing 
ǘƘŜ ΨǾƻƛŎŜ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊΩ to define the Ψcritical customer requirementsΩΦ ¢ƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ that these 
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 implementation framework to be related to the 
requirements and discussed for improved understanding. The Type 26 GCS was used as the case study to 
form these requirements and are described in Section 5. The requirements were used to develop the 
quality characteristics to meet these requirements, i.e. how PLM will meet the requirements.  

When comparing the requirements to the PLM objectives in the framework they show that the customer 
has specific needs within the wider PLM objectives. These are needs which are required to be developed 
from an existing or new PLM architecture. Therefore these requirements would not form the totality of 
ETO PLM implementation requirements as described in the framework objectives in Section 7.4. This 
being the case, the case study requirements will support a discussion on actual customer needs on specific 
PLM topics in a real-life product. As the requirements and the to-be PLM environment were used to 
develop the PLM strategy to support Type 26, these can be used to relate the framework findings with 
examples from the case study to show how the requirements can be met and to improve the 
understanding of PLM implementation on ETO products. 

10.5 Description of data capture and analysis approaches 

The research design using DMEDI as discussed in Section 4.3 uses the Explore phase for the creation of 
high level design concepts.  Section 6 described the data capture and analysis approach and how this was 
used to construct the framework for the implementation of PLM on ETO products. The importance of 
engaging with experts in the field of PLM was established through the philosophical perspective as 
described in Section 4.1. The ontological perspective of relativism means that there are many truths 
dependant on the experts in the PLM environment. This coupled with the epistemological perspective of 
subjectivism means that these truths are subjective and can only be established through interaction with 
these experts followed by thorough analysis. Therefore the interaction with these experts followed by 
analysis was important as allowed the determination of the truths to create the framework for the 
implementation of PLM on ETO products. The use of semi-structured interviews was used to capture the 
data to enable the analysis to create the framework. As the interview questions related to PLM 
implementation objectives, challenges and enablers this supported the development of the high level 
design concept of the framework. 

Once the experts were selected, the semi-structured interviews were undertaken, and the key points 
transcribed. They were then imported into the NVivo software tool to support analysis. This analysis 
enabled the subjective data to be transformed into truths. To ensure this approach was effective and that 
the results are correct, thematic analysis was chosen. This enabled codification and identification of 
common themes from the interview responses. It also enabled repeatability to support further research 
and to demonstrate that others would create the same results.  

A further benefit of NVivo and thematic analysis is that it supports the referencing of the themes to the 
raw data in the transcribed interview key points in Appendix B. This enabled an audit trail from the 
findings back to the raw data, supporting trustfulness. It also supported the development of Section 7 as 
the codes used to develop the themes, and the raw data from the interview key points, were related in 
NVivo and easily represented through the software tool. The transcribing and coding in NVivo took 
significant effort but this was worthwhile due to the benefits for developing the framework, writing the 
thesis and also to demonstrate that a robust approach had been followed.  

10.6 Development of the framework 

The development of the framework was described in Section 7 which was primarily derived from the 
analysis of the interview responses in NVivo but was also supported by literature where appropriate. The 
codes and themes developed 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 
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the findings, each key point was referenced to the transcribed responses in Appendix B. The results of this 
preparation supported the development of the findings in Section 7 as each theme and related key 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 framework, Section 7 is the most 
extensive in the thesis.  

The themes form the framework, and are grouped based on whether the interview question related to 
an objective, challenge or enabler. This was to ensure that the context and structure of the framework 
was easy to understand.  A further enhancement to the framework structure was identified through the 
use of enterprise architecture. EA is a well-established methodology to improve the creation of 
information to describe the strategy, objectives, processes and technology of a business. It also supports 
the transition froƳ ŀƴ Ψŀǎ-ƛǎΩ ǘƻ ŀ Ψǘƻ-ōŜΩ ŜƴǾƛǊƻƴƳŜƴǘ ōȅ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƴŜǿ 
environment and therefore aiding in the business change activity. To improve the structure and 
understanding of the framework, EA influenced the grouping of themes to include objectives, challenges 
and enablers within information, people, process and technology.  

When viewing the framework and reading Section 7 there is a number of notable aspects: 

¶ There are no technology objectives. On analysis this was a surprising result, but when taken in 
context that the PLM implementation is to support the NPD of ETO products and not to provide 
technology for its own sake, then this provides support to this finding.  

¶ The single process challenge was Ψcreating processes that meet business objectives and are not 
overly complicatedΩ. The conclusion drawn from this finding is that processes are easily created 
but are difficult to implement without being overly complicated. The finding shows that 
complicated processes are often translated into equally complicated electronic workflows which 
can significantly impact business performance as they are difficult to understand and alter mid-
flow. 

¶ The people challenges are the most significant. The findings show that the greatest 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 though presenting the framework to gauge feedback on its 
structure and content. This feedback was positive with the main point to change the improvements 
heading to enablers to better describe its aim. To ensure that the structure of the framework aligned with 
the development of the thesis described in Section 7, the headings were changed from improvements to 
enablers.  

The main evaluation used questionnaires to ask selected participants from ETO products for their opinion 
on statements related to the framework. These participants were selected from multiple ETO 
organisations based on 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 organisation. 

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 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 contracts for Australia and Canada. 

The flexibility and scalability of the framework was identified as being important through the semi-
structured interviews and with the evaluation questionnaires. The interviewees highlighted the 
importance of being able to pick and choose what element of the framework 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 specific 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 Australia. The evaluation questionnaires provided evidence as to 
the value of the framework for the implementation of PLM on ETO products. 

10.8 Discussion 

The case study demonstrated that the flow of the BoM digital thread from CAD to PDM to ERP is 
challenging on ETO products. This is due to the large volumes of information which constantly changes 
due to evolving maturity or product change. The timing of applying configuration control, and to what 
BoM objects, is important. Too early and on too many object types, then the programme has the 
administrative burden of managing change tasks to large volumes of information. If configuration control 
is applied too late, then there is a risk of quality issues and rework throughout the product lifecycle as 
downstream consumers will be using out of date information, such as after the EBOM is related to the 
MBOM for digital planning as described in the case study requirements in Section 5.  

Understanding what objects will be used, by whom and when will assist with determining the 
configuration and change approach. This understanding can be achieved using a cross functional SQEP 
team as they can identify and communicate their needs. This team will also be able to more readily 
determine what problems may arise, such as with too great a level of detail in the BoM. They can also 
determine the optimum point for progressive configuration control in the lifecycle. For example, it may 
be optimum to baseline the system design early in the programme lifecycle, but the detailed design in the 
CAD model can wait until later, such as when the design has greater maturity and is therefore less likely 
to have large volumes of changes. There is also an opportunity to delay the start of detailed 3D CAD 
modelling until later in the ETO lifecycle to mitigate the impact due to changes in the system design. This 
requires further research due to the potential impact on the programme schedule of a delay; this may be 
balanced by the reduction on the schedule to change in the CAD model.  

The cross functional team can ensure that the processes developed to support PLM are useable and not 
overly complicated. They can also assist with the business change initiative and the education programme. 
There is potential for exploiting existing University courses to enhance their relationship to PLM and 
introduce use cases related to ETO products. 

PLM implementation guidelines such as those identified by Bokinge and Malmqvist [56] have related 
findings to the those identified from this research, but the context of ETO products is important. There 
are opportunities to enhance the PLM framework for ETO products with those generic findings from other 
researchers. Aspects such as those related to risk management or people can be generic compared to the 
information challenges on different product types, this can provide valuable enhancements to the ETO 
PLM implementation framework.  

The selection of technology has particular challenges for ETO products and further research is required to 
ensure that the criteria for PLM technology selection includes the need for longevity, integration and 
configuration as opposed to customisation.  

10.9 Research 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 possible to describe all 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 products. The thesis described the themes and their relationship to the 
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ETO PLM challenges but there are further opportunities. Due to the scale of ETO products further research 
would require appropriate planning and resource to support. This could be provided by academia at the 
appropriate level, such as Doctorate or Masters level projects supported by industrial sponsorship.   

The results are bounded by the experts interviewed, but the complexity of PLM on ETO products provides 
a limit to the individuals who could describe the objectives, challenges and enablers. The research was 
conducted primarily within a naval ships context but the framework could be used on other industrial 
mega-projects. The research was completed over a nine year period which aligns with the required 
timescales of PLM implementation on ETO products. Despite this long timescale for PhD research, the 
journey is not complete; in order to fully leverage the benefits there is a need to continue. This research 
has taken a major step towards addressing the problem of PLM implementation on ETO products, but it 
is the first step. There are further research opportunities to improve the implementation of PLM on ETO 
products, including: 

¶ Linking the themes in the objectives, challenges and enablers of the framework but maintaining 
the flexibility for prioritisation and targeting emergent challenges. There are relationships 
across the themes in the framework which could be researched to provide additional guidance 
across the objectives, challenges and enablers across information, process, people and 
technology. 

¶ Developing 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 enhanced to include the relationships 
across the themes in the framework.  

¶ Utilisation of the framework in the architectural, engineering and construction (AEC) industry. 
The framework can be utilised in other large-scale 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. 

¶ Using technology to automatically identify interconnections between product artefacts, to 
assist with change management impact assessment. This may require artificial intelligence but 
the research would provide value to assist in understanding the interconnections and impact of 
change or other design decisions.  

¶ Investigation of the appropriate points in the design lifecycle for configuration control . 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 required to be understood in more detail. 

¶ Problem management and processes improvements from organisations who deal with 
emergent and significant challenges. Other organisations such as the accident and emergency 
departments or medical retrieval services deal with emergent challenges every day. There is an 
opportunity for ETO organisations to learn from these services. 
 

¶ ETO focused education improvements through partnerships with Universities. Improving 
academic relationships can assist with further development of the 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. 

¶ Industry 4.0 and the implication of the internet of things. This 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 leveraged.  

¶ 5ŜǾŜƭƻǇ YtLΩǎ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ performance of the PLM implementation. 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. 



  

 

  199 

 

¶ Delay the detailed design in the CAD model to mitigate the impact of change. The impact of 
changes in the system design on detailed design is significant. This may be mitigated by delaying 
the start of detailed design until the system design is stable. Further research is required to 
understand the balance between delays with commencing detailed design, with the impact on 
the schedule due to change in the CAD model.   

¶ Enhance the ETO PLM implementation framework with guidance from other researchers. The 
context of PLM implementation has been established as being important, but there are 
opportunities to enhance the ETO PLM framework with guidance from other researchers. 

¶ Develop criteria for PLM technology selection on ETO products. 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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PLM Implementation on Engineer to Order Products
Challenges - Complexity and Uncertainty 
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PLM Implementation on Engineer to Order Products
Challenges ïCustomer interaction and procurement

3

Å Delivery lead time longer than other product types 

Å The long lead times require a customer commitment earlier than other product types

Å In ETO products the customer commits to the order early in the products lifecycle

Å Customer has significant input into the specification, design, manufacture and procurement strategies

Å Therefore the design is immature when the order is placed

Å The design is based on the flow of information from supply chain based on requirements
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Å Low volume, highly complex, high cost

Å High levels of risk and increased cost due to longer lead times

Å Unique set of requirements resulting in bespoke design systems varying in complexity

Å Close interaction with suppliers to integrate bespoke designs

Å Sporadic data drops from suppliers which require integration with knock on effects to other 
systems

Å Requires careful contract management

PLM Implementation on Engineer to Order Products
Challenges ïHighly customised, few off
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Å Significant product information management to ensure design meets ongoing customer needs

Å ETO products have evolving design which requires management across the lifecycle

Å Emerging patterns have to be captured, managed and integrated into the product

Å Maturity management of information used to progress the design is critical

Å Manufacturing begins before design is fully mature

Å Changes need to be captured, their impact to the design, build and cost/schedule understood

Å The design configuration must be managed, baselined and integrated with the change process

PLM Implementation on Engineer to Order Products
Challenges - BoM, Configuration, Change and Maturity Management
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Å Complexity and emerging patterns require effective cost and schedule management

Å There a history of considerable cost overruns with ETO projects in civil and defence sectors

Å Therefore ETO products have a considerable emphasis on project management

Å 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

Å Therefore managing risk is of critical importance as the product moves for concept to a 
physical representation

PLM Implementation on Engineer to Order Products
Challenges ïProject Management
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Å As there are a small number of similar products produced, it is not viable to have a prototype

Å Prototyping allows for design and manufacturing problems to be identified and resolved, prior 
to production of the delivered product

Å ETO products have their manufacturing started before the design is fully mature and all items 
procured

Å A need for high quality and right first time is required as a prototype cannot be used to test 
cost, schedule and quality

PLM Implementation on Engineer to Order Products
Challenges ïNo prototype
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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 

Intro 
Brief overview of research using 

appropriate diagrams    

Q1 

Interviewer describes the key challenges 

identified in the research and asks 

interviewee of examples where he/she 

has encountered them, would you add or 

remove any? 

Type 26 - customer change, stakeholder change, and stakeholder expectations 

varied from a few years ago. Good example is a modification of defence standards 

which resulted in a change for pipe hangers, simple area but significant issue is 

we've always designed for single shock but the customer changed the standard to 

include 2 shock incidents. Significant impact as Pipe hangers were designed based 

another standard. Another example, customer wants us to include modelling for 

loss of life in our design, new space for BAE Systems.  

Maturity management is a key factor with supply 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. 

 

People challenges, assumes everyone understands top level PLM and are 

motivated to populate. Where is their reward? Consumers of data, e.g. Load data, 

as a part owner what is in it for them regarding populating data. Assume everyone 

is bought in, but I am not always convinced.  

Also, supplier alignment, they have their own systems; we can't align our supplier 

to their systems. In large volume production they can share systems. We would 

disqualify our suppliers if they were dependency on us - risky and not viable 

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? 

Maturity, raised in every discussion regarding the programme by senior 

management. 

Change management and volume of change 

Q3 Describe your current PLM architecture 

Our understanding has advanced since type 45 significantly 

Write once use many, single point of truth; source everything from our PLM 

environment. Informing modelling, stage 1. Massive step change but better. 

Consistent than correct 
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Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

People. Getting them bought in, expectations of what they need to do, whether 

supply chain, part owner, system owner etc. Ensuring that 1000 people understand 

maturity management, taken 2 years and we're still not there. Comms and 

Training. It is the language of the project, E4 maturity.  

Q5 

What improvements would you make to a 

PLM environment to ensure it meets your 

business objectives and why? 

People - Comms and training 

Ensure they understand benefits, what it in for people, what's in it for me.  

Ensuring better integration with supply chain, iBoM data loader, specifications for 

suppliers regarding maturity, disconnect. Support data, do people understand the 

benefit which are downstream. 

Q6 

Can you prioritise the improvements in 

terms of business impact (use 

impact/effort matrix) 

People- Going from document to data environment, significant change for people. 

Working with data and information mind-set for people which are not insignificant. 

We take it for granted  

Q7 

Can you prioritise the improvements in 

terms of effort required (use 

impact/effort matrix) 
People - business change management 

Q8 
How could you better enable the 

implementation of these improvements 

EDY (Engineering Developing You - training course) does not equip you for working 

in the programme wrt to PLM. Totally ill equipping an engineer to work in the 

programme. 

Project management, ensure engineers understand maturity and programme 

management relationship - maturity drive programme. Disconnect between supply 

chain and engineering. Run from central engineering, focussed on engineers, not 

Test and commissioning, not supply chain. No hierarchy which drives across all 

functions. 

PLM organised for engineering, and perceived that way. Osmosis understanding 

for other functions. CME getting there, appreciation that we need to be integrated 

cross functionally. 

Scaling, can we have a light touch on RCB2 or not at all,  do you need it on RCB2 

but you need it for Type 26 

Q9 

What typical challenges can you foresee 

with transitioning from an as-is to a PLM 

environment which incorporates your 

improvements (to-be) 

Investment, cost/benefit difficult to promote, e.g. data loader - communicating 

that the cost worthwhile. PLM branched out to other areas, Digital Planning, PDM 

to ERM (supply chain). PLM branching out to other functions, iBoM strategy doing 

elements of it. Why should we invest in PLM once build is complete? 

Commercial elements in the BoM, right to share BoM data for other programmes, 

i.e. Diesel Generator might have something hidden away which we can't share 

with export programmes. We understand ITAR now, but there are further 

subtleties 

Safety - I can reasonably assert the iBoM, maturity, supplier data and single point 

of truth. We can offer best endeavours as a reasonable defence if called upon. 

Safety mitigation in Smarter is my biggest worry 

Q10 

Can you prioritise the challenges in terms 

of business impact (use impact/effort 

matrix) 

People - we assume a lot that there is integration and understanding across the all 

areas. Type 26 so large everyone understands their part of the ship. 

Understanding needs to be appropriate, information hiding principle to ensure 

they are not overloaded 

Q11 

Can you prioritise the challenges in terms 

of effort required (use impact/effort 

matrix) 
People 
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Q12 
How could you overcome difficulties 

associated with these challenges 
See Q8 response 

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if so 

how? 

Yes, we need to keep evolving, take it further, evolving with understanding and 

learning. E.g. tie maturity into supply chain  

Should be pictorial; you must be able to understand the picture - backed up with 

data. Nobody reads detail if they don't need to know, they just need appreciation 

and buy-in. Suck people in using the high-level framework. Get an appreciation 

they then look into it if interested. Like PDH 

Q14 
What other ETO industries would benefits 

from a framework? 
Oil and gas, Nuclear, HS2, space,  
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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 

Intro 
Brief overview of research using 

appropriate diagrams    

Q1 

Interviewer describes the key challenges 

identified in the research and asks 

interviewee of examples where he/she 

has encountered them, would you add or 

remove any? 

All relevant, some take as read - product complexity absolutely true , no brainier 

Customer high risk -agreed 

Cause and affect diagram - in IPDE we wanted a right first time, understand what 

we need later  

IPDE focussed on maturity, BoM change and Configuration mgmt. - if we done this 

correctly at the left hand side then the right hand (later) will take of themselves - so 

looking at data quality, 100% BoM, we manage maturity at decision reviews with a 

proper understanding of the information we are using, so understand risk 

So greatest thing is data management and having data management which we can 

trust and using Teamcenter as the single point of truth 

Plenty of evidence in the public domain of cost and overruns in Astute - CADDS5 

and Optegra - lack of understanding in the business - much better understanding 

15yrs on, but PLM is still a big challenge 

Successor - difficult to assess costs early on, challenges to implement PLM is a big 

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 mistakes 

then you revert back to older ways of working - especially when you underestimate 

cost and schedule - pressure on payment milestones 
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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 engineering - digital planning - use Teamcenter to use 

planning - Instead of using BoM list and drawings the planners can plan earlier and 

dictate when they require drawings - Astute  -drawings produced, Successor has 

planning lead drawings 

IPDE include outputs but not a full business end-end process but focussed on 

earlier activities - production readiness  

Involvement from safety, test and commissions and planning involved when they 

can influence design 

Q3 
Describe your current PLM environment 

from your perspective? 

Astute  - CADDS5 Optegra, items databases 

Successor - nicer picture but pure systems and less homemade - main difference is 

using COTS tools with significantly less customisation - still configuration but 

through the core Teamcenter product, configure workflows as opposed to Astute 

where there were customisations - Astute now difficult to support 

1 big lessons learned we've tried to deploy COTS  - Teamcenter 10.1 and Foran v 80 

- both current releases - both lynchpins - with interfaces into SAP 

Rational - testing and toolset requirements 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

phase 1 - ƛǘΩǎ easier earlier in the project, they have all had their town hall briefs 

and have bought in, they want to do things earlier, enthusiastic - you can make 

rapid progress with a small group of people and you can communicate easier 

Next phase -  people become disillusioned - things become harder - more 

stakeholders - harder to communicate - then people join from other programmes 

and ƛǘΩǎ all different - why do we need PLM 

then hopefully people get to a point that resistance is futile - is for their own good - 

that's the stage we're at 

Q5 

What improvements would you make to a 

PLM environment to ensure it meets your 

business objectives and why? 

1 - There is always a balance - a couple of things stick out - we overegged the 

workflows - too complicated and prescriptive - everyone using same process - 

workflows were too big, if something went wrong it was difficult to fix - so we then 

reengineered the workflows to make them simpler and undo when required - keep 

things simple stupid 

2 - data quality - Because we are using Foran - when we found when we turned on 

Teamcenter and Foran integration - there were a lot of rejects when data published 

from Foran -  there are hard and fast rules to move data over the interface, these 

should be validated at source - we should have put mandatory codes in Foran not 

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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Q8 
How could you better enable the 

implementation of these improvements 

there is a get well programme but these are after the event - make fields 

mandatory, education - people need to know why quality is important -  previously 

it was the easiest way of doing drawings - there was little focus on BoM - astute the 

drawing was the main currency - manual intervention 

In Successor the focus is on the 100% BoM -now they data is more important - Subs 

are now data centric - 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 but broken down to material 

2 tools work differently and we keep stumbling on things - keep finding things - we 

should have done more about the modelling strategy 

Q9 

What typical challenges can you foresee 

with transitioning from an as-is to a PLM 

environment which incorporates your 

improvements (to-be) 

Because we have such a long product lifecycle - people can't understand the whole 

integrated flow - there is less focus on downstream activities that those upfront - so 

you focus on those you need now, not later - you won't  do it till later - we build the 

system as we go along and discover thongs as we go along 

Problems with process documentation - we rely on what is in people heads - those 

who operate the process work rounds then as they understand them - more focus 

on process development and adherence to support the PLM deployment 

Q10 

Can you prioritise the challenges in terms 

of business impact (use impact/effort 

matrix) process documentation 

Q11 

Can you prioritise the challenges in terms 

of effort required (use impact/effort 

matrix) process documentation 

Q12 
How could you overcome difficulties 

associated with these challenges 

We are trying do  it - structure the process team - the business guys own process 

but they don't create them as they need to design subs - so we have  created a 

central team, sop business own process but central team will help business to help 

themselves - core architecture and principles that you can explain and then create 

process in the context of the flow 

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if so 

how? 

Yes, it ought to help - when we stated off at our PLM select - we had a selection 

criteria with working with CIMDATA - they helped with the buy-in process for our 

board we carried out a robust process - CIMDATA offered help but we went with 

IBM -We expected IBM to bring prescriptive process to the party but in hindsight 

but they were over complicated and the IBM consultancy didn't know more than 

we did - some had done PLM some had others - what really slowed us down was 

the inexperienced people - we relied on the IBM framework and it didn't work - it 

works both ways - you need  balance - it has to be enough to understand but not 

too complicated, pitched at the right level - you need good people. 

Q14 
What other ETO industries would benefits 

from a framework? 

Formula 1, not engineering to order but they were simpler in that they have 1 

product a year - innovative components, change - have a prototype but as the 

design changes it becomes less relevant - - they 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 Question Response Key points 

Intro 
Brief overview of research using 

appropriate diagrams    

Q1 

Interviewer describes the key 

challenges identified in the research 

and asks interviewee of examples 

where he/she has encountered them, 

would you add or remove any? 

Start of lifecycle, GPLF, trying to produce accurate estimates of engineering effort and 

cost - variability of customer requirements 

Accessing data many years later - transferring between cad systems - taking legacy 

systems back in our products 

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? Capture organise and share the information - immediate response - prime purpose - 

get into an org and share 

Q3 
Describe your current PLM 

environment from your perspective? 

product structure is important - we use Windchill - decomposes the product - 

different views - functional view, own we end up diving the design task - physical view 

- different lifecycle view - engineering, as we over into build and support - same end 

point 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

User adoption - data quality which is linked to adoption - getting people to use it, 

make sure its current 

Honing the system to our requirements - gigantic team each a leader in their field  

We have ended up with a complex environment, we have a complex product -  

goes too slowly 

Q5 

What improvements would you make 

to a PLM environment to ensure it 

meets your business objectives and 

why? 

aŀƪŜ ƛǘ ƳƻǊŜ ŦǊƛŜƴŘƭȅ ŦǊƻƳ ŀƴ ŜƴƎƛƴŜŜǊΩǎ Ǉƻƛnt of view - I get a lot of feedback that a 

lot of engineers time is doing admin - ǊŜƻǊƛŜƴǘ ǘƘŀǘ ƛǘΩǎ Ŝŀǎȅ ŦƻǊ ŀƴ ŜƴƎƛƴŜŜǊƛƴƎ ǘƻ ƎŜǘ 

info in and out - our focus has been on architecting the and reducing the systems 

such as through integration - we need to focus  on usability -something we want to do 

other than have to do 

Use earlier in the lifecycle - direction of project moves more repaid  too heavy weight 

- needs to be scalable in processes and control 
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Q6 
Can you prioritise the improvements 

in terms of business 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 

Q8 

How could you better enable the 

implementation of these 

improvements More strategic on where the  improvements are - take stock and home in one area 

Q9 

What typical challenges can you 

foresee with transitioning from an as-

is to a PLM environment which 

incorporates your improvements (to-

be) 

Drives customisation -  

security - peoples phones 

Mature technology Don't believe we will need to stretch technology - we're tooled up 

Q10 
Can you prioritise the challenges in 

terms of business impact  
efficiency improvement  

Q11 
Can you prioritise the challenges in 

terms of effort required 
efficiency improvement  

Q12 
How could you overcome difficulties 

associated with these challenges 

Actively looking at how the system use - what proportion of what they are doing - 

survey - user satisfaction - anecdotal it takes too long - investigation  - user groups 

most impact - where can we get the most impact 

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if so 

how? Yes definitely - it would excellent - really supportive 

Q14 
What other ETO industries would 

benefits from a framework? 
Large hadron collider - aerospace - 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 

Intro 
Brief overview of research using 

appropriate diagrams    

Q1 

Interviewer describes the key 

challenges identified in the research 

and asks interviewee of examples 

where he/she has encountered them, 

would you add or remove any? 

Yes - generally it comes down to the maturity of the business, we are an evolving 

market - each project has its own need but we need single MRP and PLM - Low 

volume  - we have a specification from our customer to deliver a BoM to them - so we 

need to customise our systems and interface into our systems 

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? 

From my project specifically- key objectives - as configuration mgmt. database -we 

are dealing with an evolving architecture, they are amalgamation of developed in-

house or COTS - we need  a business view - so my project is to provide a single 

approach - first objective is configuration mgmt. and ensuring we can engage with 

our customer - we don't have direct access to them so we need to deliver configured 

data 

We also don't have direct change integration with our product data - we can't feed 

lessons learned into product - we're planning to introduce change management 

integrated with our product data 

Q3 
Describe your current PLM 

environment from your perspective? 

The current environment is an amalgamation of different systems - work gets done 

but ƛǘΩǎ not integrated - there a considerable amount of manual effort  

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

First/biggest challenge - people 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 do 

for them - the cost is large and you need a very good way of marketing of what you 

need to do 

Common part library - reduce duplication and redundancy 

Its difficult to quantify benefits - commonality   

Business change management - initial then next challenge - incremental 
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Q5 

What improvements would you make 

to a PLM environment to ensure it 

meets your business objectives and 

why? 

We are implementing Windchill to provide an integrated approach - we are removing 

legacy tools and replacing with Windchill and ERM - the primarily reason is risk 

reduction, lots of legacy systems, the owners of 'black boxes' leave which introduces 

risk -  

Education   

Business change 

Quantify benefits - Explain what you are getting from PLM 

Q6 
Can you prioritise the improvements 

in terms of business impact 
Risk reduction we know there a lot of process we can do better but we won't get 

there in day one 

Q7 
Can you prioritise the improvements 

in terms of effort required  

Initially, hardest was requirements due to education - they don't care about the 

future as they are happy now 

 

  

Q8 

How could you better enable the 

implementation of these 

improvements 

We are writing software so we need to translate business knowledge to requirements 

for the software - but ƛǘΩǎ going well - we are using agile scrum which is mitigating risk 

- if we had not adopting this methodology then they couldn't see the evolution - 

traditionally a wasteful approach but if call it  a 'waterfall scrum' - we can do iteration 

activity - its works well as it gives our business early insight as to what the change are 

and what the system does before we go live - the scrum approach is helping with 

business change - it helps engage the business early on and gain buy -in before we 

implement the system - ǘƘƛǎ ƛǎ ŎǊƛǘƛŎŀƭ ŀǎ ƛǘΩǎ ŀ ƭƛǾŜ ǎȅǎǘŜƳǎ ǿƛǘƘ ȅŜŀǊǎ ƻŦ Řŀǘŀ ŀƴŘ 

large data migration 

Q9 

What typical challenges can you 

foresee with transitioning from an as-

is to a PLM environment which 

incorporates your improvements (to-

be) 

Defining requirements for what you want the PLM systems to do- you are working 

with people who have used their systems and process for some time - but I am 

coming from a programme perspective - the process and requirements has been 

quite challenging - people are not educated enough - one of the key challenges, but 

once we get it implemented in Maritime we can see it improving over tome 

Q10 
Can you prioritise the challenges in 

terms of business impact  Buy-in 

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  

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if so 

how? 

Yes - I would have loved to have that years ago - buts its scalability is key - the second 

part is the maturity of your people - a upfront when the project is being conceived a 

framework would be great - I have been doing this myself and I'd love to see a 

framework - must be able slice and dice, flexible but mandatory - if rather that than a 

mandated approach - every project is different  - need to include reason so it just isn't 

ignored 

I am looking forward to seeing the results 

Q14 
What other ETO industries would 

benefits from a framework? 

oil and gas, mining - lots of material, anything which has integration of systems and 

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    

Q1 

Interviewer describes the key challenges 

identified in the research and asks 

interviewee of examples where he/she 

has encountered them, would you add or 

remove any? 

I agree with them but ƛǘΩǎ the prototype I struggle with. Typhoon - fits all 

other criteria, process of getting that prototype was a project in its own right 

- in the team it wouldn't have felt any different- they had to meet quality and 

safety - other than that its ok. I've drawn a box round the product - to the 

customer is a strike capability, ships, submarine, aircraft etc. - this is a system 

of systems - everyone has a different lens on the boundary of a complex 

system, 

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? 

Information is the building block to drive and sell your product - if you can 

control your information you can better control cost and therefore your 

price 

The other thing, controlling all your data through design/build allows you to 

leverage in-service support 

Q3 
Describe your current PLM environment 

from your perspective? 

Understanding where we are on the developing maturity of the product - 

ǘƘŀǘΩǎ ŘŜǎƛƎƴ ŀǊǘŜŦŀŎǘǎΣ ǎǳǇǇƭȅ ŎƘŀƛƴΣ Ŏƻǎǘ ƳƻŘŜƭ - all information to 

understand you status and bid for our next phase of contract  

The other thing is the business and political landscape - not within our 

control - customer budget, workforce etc. is not always in our own hands 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

Single business challenge - single point of truth at any one time - common 

language  - turning data into management information is problematic- we 

are better at capturing data but not turning data into management 

information to make decision 

Q5 

What improvements would you make to a 

PLM environment to ensure it meets your 

business objectives and why? 

One of the next steps is how we take the data  - x number of new 

occurrences in the BoM so what - what does that mean, do we need to do 

something different past and future - shining a light on the data for its 

purpose 

Q6 
Can you prioritise the improvements in 

terms of business impact What does data mean - for 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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Q8 
How could you better enable the 

implementation of these improvements 

Within central engineering you have data and processes creation, then we 

have project management who try to turn it into management information 

for us to use - are they close enough - do we understand the data which can 

be used for management information - the key is the dynamic environment, 

e.g. MCE, we have requirements and that is the lens we see today, then in a 

few months it changes, how can we be more dynamic, to reflect new 

management needs 

Q9 

What typical challenges can you foresee 

with transitioning from an as-is to a PLM 

environment which incorporates your 

improvements (to-be) 

People side - people like me and Geoff and others, we don't understand 

what it takes to put a PLM environment together, and those who do don't 

understand what our needs are - can we bring these together 

Do we understand PLM investment and business  benefit and those who 

control finances do they undersǘŀƴŘ ǿƘŀǘ t[a ƎƛǾŜǎ ȅƻǳ Ґ ƛΦŜΦ Ψtrust me 

investment ǿƛƭƭ Ǉŀȅ ƻŦŦΩ  

Q10 
Can you prioritise the challenges in terms 

of business impact  Buy-in and understanding for senior management 

Q11 
Can you prioritise the challenges in terms 

of effort required  Buy-in and understanding for senior management 

Q12 
How could you overcome difficulties 

associated with these challenges 

Project controls who try to provide data, forecasts and report data - do we 

need a forum who brings that  together, Central engineering and project 

controls along with MCE  

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if so 

how? 

I think so, how do you un-brand PLM, if you mention PLM they will go to 

sleep, how do you describe to get senior stakeholders buy-in 

Secondly we are no longer just about a single customer  but we have others 

(export) -  are we ready or do we need further investment 

Q14 
What other ETO industries would benefits 

from a framework? 

MoD, project controls for all MoD projects, can we do this centrally 

Hinckley Point 
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B.6 Head of Engineering Strategy and Capability Sustainment - 
Interview 6 

 

Interviewee   

Company   

Position 

Head of Engineering Strategy and 

Capability Sustainment  

Date 21/07/2016  

Location   

Time 09:00  

   

Question No Question Response Key points 

Intro 
Brief overview of research using 

appropriate diagrams    

Q1 

Interviewer describes the key challenges 

identified in the research and asks 

interviewee of examples where he/she 

has encountered them, would you add 

or remove any? 

Type 45, to what extent did we lose control over the data, data becomes 

chaotic. We try to have a control process which isn't directly linked to the 

cause of the chaos - cost 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 what do we do when that happens. 

Type 26 - IPPD, if conducted a significant investigation with Deloitte to try 

and capture the attributes required managing the affective system. We 

found we were low, and selected a number of areas to implement. 

Holistic problem, difficulties with cultural in the business to get them to 

embrace the size of innovation which was required. As you have covered 

in your challenges 

How you accelerate data sets early in the lifecycle, we have not chosen to 

commit. Managing outputs, data - we have most significantly and 

improved approach. 

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? 

We are reactive, the nature of the product means data is king. The way 

the product has developed and suppliers have provided, the language of 

engineering has to be data. We are responding to it as we are gathering a 

set of problems we didn't see coming - which is why we have a PLM 

environment, to help us react. We haven't got a PLM strategy to meet 

business objectives, as objectives at the programme level; a PLM needs to 

be at a business level. Business level objectives are high, programme 

objectives are product centric. Business objectives are output objectives- 

win business. 

PLM - Time to market, how we try to compete so we need the capability 

to align with way of competing and product in service portfolio. 
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Q3 Describe your current PLM architecture 

Suck knowledge out of a traditional engineering environment, in order to 

capture, configure and support the operations environment - which is the 

driving force of the business. Capturing data, parts etc. We've not started 

to look at completeness and integrity of the data. Focus is getting a 

compartment mature for operations. PLM can allow product strategy and 

options of product strategy to be understood and worked, followed, 

controlled - providing a feedback loop for the designer. Our customer of 

PLM currently is Operations, the output. We are not establishing a view 

with the business of what PLM does for engineering. 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

Lack of alignment between project progress and a route to resolving 

product issues. Bulk progress, i.e. its good if you have enough parts and 

ǘƘŜǊŜŦƻǊŜ ŘƻƴΩǘ ŀƭƛƎƴ ǿƛǘƘ ǇǊƛƻǊƛǘƛŜǎ ƻŦ ǉǳŀlity, integration such as 

functional risk reduction. Demands lots of metadata at a part level which 

then allows evaluation of whether an engineering has done his job, 

difficulties in providing support to engineers, some who are traditional 

and other who  are trying to integrate.  

Some engineers are developing systems development but it takes time for 

implementation into PLM - not getting the right data, people, knowledge 

involved. 

Q5 

What improvements would you make to 

a PLM environment to ensure it meets 

your business objectives and why? 

Cultural elements, skills and awareness of data, what are the things that 

need to come together.  

Q6 

Can you prioritise the improvements in 

terms of business impact (use 

impact/effort matrix) Cultural elements 

Q7 

Can you prioritise the improvements in 

terms of effort required (use 

impact/effort matrix) Cultural elements 

Q8 
How could you better enable the 

implementation of these improvements 

We fail to get accountabilities clear, business objectives fail to trickle 

down to engineering level. Silos and not responding - until they are joined 

in a business perspective - until this happens difficult to utilise PLM.  

Q9 

What typical challenges can you foresee 

with transitioning from an as-is to a PLM 

environment which incorporates your 

improvements (to-be) 

Nature of relationship with customer means that engineers see their role 

in an introverted way. They proceed at ensuring they have done their 

technical task - this is not enough - they have to ensure that they 

understand what that tasks means to the over project objectives. 

Timescale first priority - thin layer looking at an integrated product - 

people understand they're areas - chief engineering was the only product 

integrator  

Q10 

Can you prioritise the challenges in 

terms of business impact (use 

impact/effort matrix) People not understanding 

Q11 

Can you prioritise the challenges in 

terms of effort required (use 

impact/effort matrix) People not understanding 

Q12 
How could you overcome difficulties 

associated with these challenges 

Need to understand current culture, what is the capability from a data 

awareness and technical level, understanding.  
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Q13 

Would a framework assist with the 

transition from as-is to the to-be, if so 

how? 

Steps we take must help with helping Type 26 in the immediate 

timescales - framework must help with getting mature data for 

operations- but this is not the same as a business level framework 

Q14 
What other ETO industries would 

benefits from a framework? 

Combinations in other areas - unique survival capability of an 

organisations within BAE -  a commercial org would be bankrupt - political 

involvement - I would like to understand what Electrical boat are doing 

What are the implications of a PLM business model - what is required - 

what if the business doesn't have the appetite to change - a fundamental 

constraint - we only intervene when the business is effected  - reactive - 

you have to try and articulate what a PLM business feel like 

 

 

B.7 Head of Detail Design - Interview 7 

 

 

Interviewee   

Company BAE Systems 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    

Q1 

Interviewer describes the key 

challenges identified in the 

research and asks interviewee of 

examples where he/she has 

encountered them, would you add 

or remove any? 

Everyone I recognise. No prototype, e.g. Modulisation approach, not being able 

to build modules to take through all the engineering stages - concept, design, 

build, manufacture, integration, commissioning. Not able to test as ƛǘΩǎ done 

through theoretical means. 

Others, configuration control, when to implement. You have to avoid 

unnecessary bureaucracy so you have to get the right timing, but there comes a 

point in time for cost and schedule control, for configuration control. 

Product maturity, FOC complex warship often has maturity challenges due to 

how contracts are placed. Getting details design information 

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? 

Needs to understand the product lifecycle, collect data from concept to build and 

commissioning, requires to capture review information, all information and 

outputs 

Needs to understand how we structure our data, engineering build data for 

breaking down into manageable chunks - leads to the creation of our engineering 

BoM 
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Q3 

Describe your current PLM 

environment from your 

perspective? 

Changing - a lot of transformation activities such as data alignment between our 

toolsets - e.g. CAD tools to our BoM into our planning tool, CAD/PDM, digital 

planning with ERP. It is Improving; we have been burned with lack of data quality 

across our PDM tools. That is recognised hence why we are a period of transition 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

Getting people to use it properly 

Getting the right quality measures in place when you have people manipulating it 

Data more important than ever - biggest challenge getting that quality culture 

into the people, recognises that quality problems causes problems down the line 

depending on what engineer has touched. 

Q5 

What improvements would you 

make to a PLM environment to 

ensure it meets your business 

objectives and why? 

Try and cut down the number of variables in the system e.g. use PLM to manage 

reviews, actions - trying to drive a system to be the only way to capture the data - 

no local approach's as the themes of quality are missing so we may miss route 

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 programme -  tailor 

approach based on own independent requirements of programme, e.g. 

engineering details, requirements etc. - needs slightly different PLM system - we 

trend to start from scratch -  needs to be owned by the business, not project 

driven - there should be a PLM function - ǿƛǘƘƛƴ ǎȅǎǘŜƳǎ ŜƴƎƛƴŜŜǊƛƴƎΣ ōǳǘ ƛǘΩǎ ƴƻǘ 

clear 

Business wide standardised tools would be good. 

Standard process, systems and tools will drive consistently with the way people 

behave - eliminates the variation  errors -  

People bring their own ideas - QEC - older versions of Foran and Windchill - they 

will be instantly frustrated - River class is even further removed - won't get the 

benefits of translation  

Difficult when you train in a programme as a opposed to a BAE approach - we 

would cut down our norms if we could standardise - cut variance makes us more 

cost effective - more variance more training 

Q6 

Can you prioritise the 

improvements in terms of business 

impact (use impact/effort matrix) Standardised approach 

Q7 

Can you prioritise the 

improvements in terms of effort 

required (use impact/effort matrix) Standardised approach 

Q8 

How could you better enable the 

implementation of these 

improvements 

Standardisation of approach -you should originally set up to support this - 15 year 

design and build approaches means a programme can be a business within 

business - you need a way to drive our processes across all out programmes not 

just a single programme entity 

Q9 

What typical challenges can you 

foresee with transitioning from an 

as-is to a PLM environment which 

incorporates your improvements 

(to-be) 
Getting people to use it correctly 

Q10 

Can you prioritise the challenges in 

terms of business impact (use 

impact/effort matrix) Getting people to use it correctly 
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Q11 

Can you prioritise the challenges in 

terms of effort required (use 

impact/effort matrix) Getting people to use it correctly 

Q12 

How could you overcome 

difficulties associated with these 

challenges  See Q8 response 

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if 

so how? 

Of course it helps - we have an engineering framework - implementing a PLM 

system absolutely a framework would help - step 1 in a project implementation, 

set goals, targets, approach - reference regulations and requirements - all that is 

what I would call a framework 

Q14 
What other ETO industries would 

benefits from a framework? 

Big massive engineering civil projects - jetty in a naval dockyard  -loads of data, 

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 

Intro 

Brief overview of 

research using 

appropriate diagrams    

Q1 

Interviewer describes 

the key challenges 

identified in the 

research and asks 

interviewee of examples 

where he/she has 

encountered them, 

would you add or 

remove any? 

LǘΩǎ an interesting way to look at it, the set of challenges that you articulated definitely 

apply to large bespoke projects - a lot of these issues apply in part to less complex 

projects - certainty the scale of the projects differentiate them from other system 

engineering projects 

I have been trying to understand the differences with Type 26 to other project types, one 

of those is the length of the lifecycle - we have been working for 8 years on Type 26, and 

there has been a lot of iteration of the design and the requirements - there has been a 

long way to understand the design - without a hard schedule the programme can 

meander, PLM must be able to move with the fluidity of the design that is not the case in 

other programmes - if you compare with urgent operational requirements (e.g. for 

Afghanistan), you can have complex projects and small scale but what clarifies the 

differences is the timescales - what we think we want in day 10 is not what we would 

want in day 100 

Q2 

What are the typical key 

business objectives 

which you require a PLM 

environment to 

support? 

I come at it more being able to control and understand the various engineering baselines 

and be able to refer consistency back, coherence completeness and correctness of the 

data - What we want is an efficient design with the minimal number of iterations until we 

constrain the design 

Good facilities for configuration management but the flexibly to support multiple 

hypothesis early in the design lifecycle - these projects tend to overrun cost and schedule 

because we don't do enough design variations/checking early in the design - take longer 

to get the design right earlier, but that can bite you as it can cause rework as you didn't 

complete design work early in the design lifecycle 

There is an opportunity if we took a different commercial opportunity - treat the first 

vessel differently - consider multiple weights- with  multiple design configurations - the 

opportunity to consider multiple options before commitment would be very advantages 
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Q3 

Describe your current 

PLM environment from 

your perspective? 

A project of these scale feels like the problem is well understood and a commitment 

within the company to adequately resource technical SQEP and tool and that PLM is an 

essential enabler for the project - the value of it is not widely understood and may be 

seen as an end in itself as opposed to an enabler to the design itself - enabling tools like 

that can be undervalued - technology in these areas moves ahead quickly- every 

framework we put in place can be constrained and enabled by whatever toolset we have 

I can see that you are maintaining awareness of how the toolsets are progressing but 

ensuring it supports the here and now 

Q4 

Describe the typical 

challenges you 

experienced with 

utilising PLM? 

Value not understood 

Not seen as enabler 

I am aware of the value of tools, but to the non-specialist it can be seen as smoke and 

mirrors - perhaps we don't explain what we are doing  and why ƛǘΩǎ important - why 

underlying data quality checks are important - some can see it as an overhead - balance 

the time and expense with the payback  - the benefits in manufacturing, better quality 

and accuracy than you would get in a less constrained environment 

Q5 

What improvements 

would you make to a 

PLM environment to 

ensure it meets your 

business objectives and 

why? 

The challenge you have is you require able and specially trained individuals to operate 

PLM, sometimes there is a challenge with those individuals communicating with less able 

personnel - explain aims and objectives - the challenge is always selling the investment in 

the tool and getting buy-in, this project has successfully demonstrated buy in, senior 

engineering  management are always emphasising the strength of what we have put in 

place and that it will be realised downstream  

If management lose confidence in it  can be seen as on overhead, Type 26 doesn't suffer 

from that - its feels like we've got the right balance - evolution not revolution with LFE 

from the programmes  

Perhaps the weakness is the ability to brief to the wider teams of the benefits and 

necessities of what the team are doing - the management are but I am not always 

convinced that those in the coal face understand - do they understand that the discipline 

of the tool is not an overburdened, but if you get the big picture you can see its 

worthwhile 

Q6 

Can you prioritise the 

improvements in terms 

of business impact Buy-in cost/benefit comms 

Q7 

Can you prioritise the 

improvements in terms 

of effort required  Buy-in cost/benefit comms 
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Q8 

How could you better 

enable the 

implementation of these 

improvements 

LǘΩǎ difficult, people only taking it on-board 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 the 

other end (manufacturing) reap the benefits -  what's in it for me - the lifecycle is so long - 

an individual can track the whole lifecycle on smaller projects - in large project which are 

10's of years present a problem to selling slow burning rigours approach's to those who 

want to design - you put in enabling and discipline - this will be more mainstream on 

smaller projects once value is shown - tie together the supply chain   

Q9 

What typical challenges 

can you foresee with 

transitioning from an as-

is to a PLM environment 

which incorporates your 

improvements (to-be) 

People have done stuff for years and years, you have to be able to answer the what's in it 

for me question - you have to satisfy self-interest-  at best the advantage to an individual 

or not a disadvantage to a person is how you sell it 

I see a difference between Portsmouth and Scotstoun - once of the opportunities is the 

bring on the younger generation of engineering who are more comfortable with the 

technology and benefits of the rigour - there is always a cost with rigour but hopefully the 

cost weights it at the end of the day 

Q10 

Can you prioritise the 

challenges in terms of 

business impact  Buy-in cost/benefit comms 

Q11 

Can you prioritise the 

challenges in terms of 

effort required  Buy-in cost/benefit comms 

Q12 

How could you 

overcome difficulties 

associated with these 

challenges 

BAE systems is an large monolithic beast, some organisations of that scale find it difficult 

to communicate with the wider team - there is an educational element to this - ƛǘΩǎ ŀ 

problem which is less apparent in small companies where there is a better understanding 

ƻŦ ŜŀŎƘ ƻǘƘŜǊΩǎ ƛƴǘŜǊŀŎǘƛƻƴǎ - in Boeing there as definitely a culture of sharing - perhaps on 

ǇǊƻƧŜŎǘǎ ƻŦ ǘƘƛǎ ǎƛȊŜ ƛǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎƘŀǊŜ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ōŜing part of one team - this 

project is by far the most siloed environment I have worked with, even within the same 

building, combat, aux systems etc. are in their own teams - siloed working does not lend 

itself to a wider awareness of the business - we seem to be staffed with a lot of head 

down people - perhaps we need more who heads up and share experience - Sometimes 

central engineering can be dictatorial, but you are more facilitation, but if you take CE 

away the whole thing just stops - ƛǘΩǎ ŘƛŦŦƛŎǳƭǘ ƛn big projects - I can't think of something 

that has done it better - there is a better dynamic and flexible team in the concept phase, 

but as you mean up you become less adaptable and there is more inertia - try and look for 

individuals who are open and keen, - use agile as opposed to experienced people 

I have not commented on tools as we seem to be well served - to me the whole thing is 

where the value is 

Q13 

Would a framework 

assist with the transition 

from as-is to the to-be, if 

so how? 

Yes, I think it would, once of my pet hates is how we shoehorn projects into an 

organisation as opposed to adapting an organisation to the project - ƛǘΩǎ ŀ ŘƛŦŦƛŎǳƭǘ ŎŀǎŜ ǘƻ 

make businesswise - we have severe constraints on this project, most big bespoke 

projects get to a point when you have to move forward  

Q14 

What other ETO 

industries would 

benefits from a 

framework? I 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 Engineering  

Date 19/07/2016  

Location   

Time 14:30  

   

Question No Question Response Key points 

Intro 
Brief overview of research 

using appropriate diagrams    

Q1 

Interviewer describes the 

key challenges identified in 

the research and asks 

interviewee of examples 

where he/she has 

encountered them, would 

you add or remove any? 

Challenges are valid and have been encountered on many projects I have worked on, 

sensors, aircraft, Typ45, QEC. With QEC being a good example especially due to the 

contracting structure.  

Decision tree whether a prototype is possible 

Configuration management and product baselines should be included  

Q2 

What are the typical key 

business objectives which 

you require a PLM 

environment to support? 

Consistent and controlled BoM through the lifecycle, PLM enables this through 

product structures, docs, meta data 

Q3 
Describe your current PLM 

architecture 

Integrated Bill of material (iBoM). Windchill backbone. Evolve through the lifecycle of 

the product to use and enhance a master record approach to the Bill of material. 

Single BoM as opposed to multiple BoM. Including support solution based on original 

product data.  

Q4 

Describe the typical 

challenges you experienced 

with utilising PLM? 

Problems - data accuracy on QEC project due to lack of integration with other 

systems. Current system much improved with CAD/PDM/ERP, eliminating manual 

translation and data integrity. Another problem is change, engineering maturity 

issues, inadequate information used to progress design resulting in change. How do 

we implement this change and when.   People and ownership challenge in 

engineering 

Q5 

What improvements would 

you make to a PLM 

environment to ensure it 

meets your business 

objectives and why? 

Ensure highest level on integration, e.g. CAD aligned with PLM system. Integration 

with schematics with PDM. Commons meta data captured in other systems, i.e. 

support system, which is critical as we wish to provide a through-life solution. 

To resolve the people issues have a centralised team to provide PLM, this would 

include administrative duties, standardised and practicable, LFE, economies of scale. 

Process, keep it simple, don't be technology lead. Don't get carried away with 

vendors solutions, e.g. workflows 
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Q6 

Can you prioritise the 

improvements in terms of 

business impact (use 

impact/effort matrix) 

1- People issues - Centralisation - people/organisation - you could have a great 

system but if you don't have the buy-in, capability, lean team, right people 

2- Integration - Master record understanding critical 

3- Process should be straight forward of 1 and 2 are implemented  

Q7 

Can you prioritise the 

improvements in terms of 

effort required (use 

impact/effort matrix) 

1- system integration - third party vendors, business rules, testing, interfaces, end to 

end 

2- People issues - Centralisation - explain and buy-in across the organisation - some 

may say that its empire building and reduces lean thinking. Ultimately centralisation 

will provide benefit with repeatable approach and ensuring that same problems 

aren't repeated (which has been the case on previous programmes) 

3 - Process- mapping  

Q8 

How could you better enable 

the implementation of these 

improvements 

2 - People issues - sell to stakeholders through LFE, implementing previous 

investment on to new programme. Economies of scale - reduction in staff. 

Standardised training, induction awareness, professionalises. Initial up front cost and 

programme resource ownership needs to be overcome through cost/benefits  

Q9 

What typical challenges can 

you foresee with 

transitioning from an as-is to 

a PLM environment which 

incorporates your 

improvements (to-be) 

Radical change to how we do business wrt to function vs programme. Symbiotic 

relationship. Typically there are people who work on a programme and those who 

work in a function - disconnect 

Data as an asset - importance should be realised 

Q10 

Can you prioritise the 

challenges in terms of 

business impact (use 

impact/effort matrix) Programme v function 

Q11 

Can you prioritise the 

challenges in terms of effort 

required (use impact/effort 

matrix) Programme v function 

Q12 

How could you overcome 

difficulties associated with 

these challenges N/A - answered in point 8 

Q13 

Would a framework assist 

with the transition from as-is 

to the to-be, if so how? 

An operating model and framework is the same thing. Evolve the framework when 

required by the business. Use the same model and tailor.   

Q14 

What other ETO industries 

would benefits from a 

framework? 

Oil and gas - long lead, high complexity, high cost, land and sea. Large scale civil 

infrastructure projects. Bridges, road, HS2. Formula 1?? Chemical/pharmaceutical 

plants/processes - metadata processes.  
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B.10  Quality and Project Management Support Engineering - 
Interview 10 

 

Interviewee   

Company    

Position  Quality and Project Management Support Engineering  

Date   14/09/2016  

Location   

Time   08:00  

   

 

 

Intro 
Brief overview of research using 

appropriate diagrams  
  

Q1 

Interviewer describes the key challenges 

identified in the research and asks 

interviewee of examples where he/she 

has encountered them, would you add or 

remove any? 

LHC- No company can provide the product - CERN is the future owner of the 

facility as well as the engineer- most of the engineering work is done by CERN 

- most elements are made specifically for CERN - high level of quality required 

- these products will not be sold to other customers - Most of the people in 

CERN are working in the engineering side - operation facility are not that big - 

most are designing new facilities and providing support 

Q2 

What are 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 that have same form/function  - components have to 

have radiation considerations - support functioning of facility - preventive 

maintenance 

Q3 
Describe your current PLM environment 

from your perspective? 

Three pillars - functional layout database, what the facilities are made of, in-

house designed tool - 2nd PLM side, every components described, Smarteam 

to manage and describe items, 3rd - maintenance management system, infor 

EAM 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

Several challenges - 1 challenge relating to the scope of PLM, most PLM 

designed for volume manufacturing, with ETO it is not the same approach as 

with mass manufacturing - PLM tools good for designed equipment (e.g. 

aircraft)  but not systems such HVAC, PLM tools are not designed for facilities 

such as CERN - Aircraft they don't use PLM for designing their facilities - BIM 

tools can be support faculties - CERN, design, build and operating a facility, 

Airbus manufacturing aircraft and require manufacturing facilities, with CERN 

we create facilities to produce particle in the right quantity - the differences  

are difficult to manage as PLM approach tries to align with EADS etc. - CERN 

more similar to construction companies than with companies such as Airbus 

Q5 

What improvements would you make to a 

PLM environment to ensure it meets your 

business objectives and why? 

First from a strategy point of view the difference between Product and 

facilities information management is understood- ƛǘΩǎ difficult to align the 

needs managing the  facility (maintaining and upgrading the facility)  with 

managing the product data - improved integration with PLM and maintenance 

management and facility management  
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Q6 
Can you prioritise the improvements in 

terms of business impact 
Integration 

Q7 
Can you prioritise the improvements in 

terms of effort required  
Integration 

Q8 
How could you better enable the 

implementation of these improvements 

My colleagues have a lack of understanding of the architecture of the 

information - a lack of good information impacts ǇŜƻǇƭŜΩǎ ability to 

understand and work with the system - systems engineering, validation and 

verification, people don't understand the difference, PLM tools don't explain 

this, PLM tools don't support this 

Q9 

What typical challenges can you foresee 

with transitioning from an as-is to a PLM 

environment which incorporates your 

improvements (to-be) 

1 - People  - management level, principal eng. etc., people want simplistically 

which isn't always appropriate - 

2, People see they own area, e.g. electrical, they think as its works at their 

level it should work for others - complex enough to meet the needs but not 

too simplistic  

3 -Software vendors don't have sufficient understanding, the processes they 

propose are not appropriate for complex environments 

Q10 
Can you prioritise the challenges in terms 

of business impact  
People 

Q11 
Can you prioritise the challenges in terms 

of effort required  
People 

Q12 
How could you overcome difficulties 

associated with these challenges 

Training, clear, good organisations, success stories, software vendors have 

very IT approach, they need to understand real needs, they want to sell their 

products 

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if so 

how? 

Yes, as far as I know for PLM there is no model, a framework for providing 

guidance there are not necessarily for the software, but naming, numbering 

etc. - also link from PLM to quality management - e.g. consultants will argue 

you should use business process modelling but that doesn't describe 

collaboration, only emails but not reviews (design reviews), a lot of 

collaboration is required, the sharing of knowledge is not supported with this 

approach 

Q14 
What other ETO industries would benefits 

from a framework? 
CERN - big science, big facilities - other big science across the world would be 

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 

Intro 

Brief overview of research 

using appropriate 

diagrams    

Q1 

Interviewer describes the 

key challenges identified in 

the research and asks 

interviewee of examples 

where he/she has 

encountered them, would 

you add or remove any? 

People understanding of the toolsets, Dassault, Siemens, and PTC have PLM toolsets. 

Underutilised or overused if there is capability. Here we have an instance of Teamcenter, 

heavily customised, and about 20 interfaces. Only really a CM tool, 30 people CM, here 

only 2 in T45. Not used effectively for PLM, use of the tool very difficult. 

Q2 

What are the typical key 

business objectives which 

you require a PLM 

environment to support? 

Cradle to grave, baseline management, and incl. multiple versions of baselines. Global 

Combat Ship, 3 different variants on drawn on T26 -Commonality which needs to be 

managed. Gas turbine room, same for all 3 ships, but weapon sets will be different. So 

PLM baseline must be able to manage, ship on ship difference based on customer driven 

changes or obsolescence. Baseline by design, class, ship, manufacturing, capability, - as 

designed, as-built, as-delivered, and as-maintained. 

Q3 

Describe your current PLM 

environment from your 

perspective? 

Shambolic - journey for 3 years to replace Teamcenter with Windchill. The move from old 

Teamcenter to new Teamcenter difficult, so we decided to go for Windchill. Move to new 

tool difficult due to customisation, legacy tool sets captured through merger and 

acquisitions - all different which have to be aligned. Different needs, land systems have 

different needs from Shipbuilding. We make delivery from our PLM to the customer, e.g. 

change packages - much more complex than it needs to be. Delivery through different 

PLM to the customer. 

Q4 

Describe the typical 

challenges you 

experienced with utilising 

PLM? 

See Q3 

Also - we are out of vendor support, lots of downtime, impact the business due to more 

frequent longer  downtime 

User understanding of tool 

Degree with which we've made it bespoke 
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Q5 

What improvements 

would you make to a PLM 

environment to ensure it 

meets your business 

objectives and why? 

Simplify it - improve integration - purpose to move to Windchill to rationalise satellite 

systems - people had pet tools which the core tool can do it instead- we can retire 12 out 

of 20 PLM toolsets- reduces manual interaction, maintenance - forecast was we could 

reduce 3 FTE by utilising core functionality of the new tool 

Improve education of  the users - don't customise, out of the box, supportable version, 

vendor brings out new version we can move there quickly - educate in satellite offices to 

use core toolsets  - links in with simply 

Q6 

Can you prioritise the 

improvements in terms of 

business impact (use 

impact/effort matrix) 

Education - people want to explore what is available - if I want to produce a table - word 

or excel - wants best for your need - people have preference - some people dread excel 

and use word even though ƛǘΩǎ harder - same with PLM, they ask for upgrades because 

they perceive difficulties or limitation 

Q7 

Can you prioritise the 

improvements in terms of 

effort required (use 

impact/effort matrix) 

Education - asking people to change the way they've done things for over a decade - steep 

learning curve - someone shows them how to do it, they may have been doing it wrong 

and that passes it on 

Q8 

How could you better 

enable the 

implementation of these 

improvements 

Communication., communication, communication - strike a chord with people, what's the 

value proposition for them - what's it in for them - take them on the journey, explain why 

- another toolset made life better for everyone except procurements - we brought them 

on board, they left and new resources were against it - we had to rebuild the bridges 

Q9 

What typical challenges 

can you foresee with 

transitioning from an as-is 

to a PLM environment 

which incorporates your 

improvements (to-be) 

Getting commitment difficult, Maintaining momentum - other jobs have higher priority so 

you don't get engagement you require at workshop etc. - if they don't attend them they 

questions aspects they weren't involved with 

Q10 

Can you prioritise the 

challenges in terms of 

business impact (use 

impact/effort matrix) Commitment from stakeholders 

Q11 

Can you prioritise the 

challenges in terms of 

effort required (use 

impact/effort matrix) Commitment from stakeholders 

Q12 

How could you overcome 

difficulties associated with 

these challenges 

Organisational change manager - I was sceptical initially but now I see business benefits - 

She provides engagement - she tested understanding, resistance levels etc. - identify 

intervention areas to bring people along on the change journey - done all the way through 

conducted by the organisational change manager - focussed interaction - first time fluffy 

HR but if now see benefits - now default way of how we engage 

Q13 

Would a framework assist 

with the transition from 

as-is to the to-be, if so 

how? 

Yes, definitely - hardest thing for people going from as-is to to-be, people don't know how 

to get there - prompts to help you get there - helps the thought process 

Q14 

What other ETO industries 

would benefits from a 

framework? 

Civil engineering - every projects a one off- high capital - LNG train in north territory - 

technically the same but every plant is different, geographically different - Framework for 

those types of projects an enabler 
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B.12 Head and Operation and Future Build - Interview 12 

 

 

Interviewee   

Company   

Position 

Head and Operation and Future 

Build  

Date 23/09/2016  

Location   

Time 09:00  

   

Question No Question Response Key points 

Intro 
Brief overview of research using 

appropriate diagrams    

Q1 

Interviewer describes the key 

challenges identified in the 

research and asks interviewee of 

examples where he/she has 

encountered them, would you add 

or remove any? 

In type 26 we want to introduce standardisation, interim products, modules - 

prototype, you can't prototype  the whole ship but you can prototype aspects of 

the ship- systems of systems means prototype can't be done but you can target 

aspect such as first fixing which allows a different approach 

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? 

4 p's- people, process, product and plant - I need a balance across all of those 

things, focus on the product we use and the processes we use, right info at right 

time,  - simple examples are what products are lifed items which require replacing 

after 5 years so we will delay fitting till later 

Q3 

Describe your current PLM 

environment from your 

perspective? 

wide ranging - key things are simple examples on OPV or Khareef - Tribon legacy 

systems, we are Foran in Type 26 - our burning machines and tools in production 

environment, important that Windchill to Foran to production environment, in OPV 

the legacy systems didn't support the burning for the production machines -  

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

Information and technology integration - any information flows to the ship is critical 

Coding of things within the ship such as Part codes, then it makes life difficult on 

the ship - HPSW in the past we would know, now it doesn't - information 

descriptions 

Interim products - We are building a tailored bespoke ship, we need to come up 

with new approaches - in Sweden they have a 2hr requirements to float once hit by 

a missile, for the RN it is much stricter - ǎƻ ƛǘΩǎ ŀ ǾŜǊȅ ōŜǎǇƻƪŜ ŀǇǇǊƻŀŎƘ - We have a 

standard list now to help 
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Q5 

What improvements would you 

make to a PLM environment to 

ensure it meets your business 

objectives and why? 

Standardised parts, coding, reducing variation - has helped on Type 26 - I need the 

information flow in a language I can understand - codes and standards in all future 

ships - such as GPLF which has a legacy design to reduce costs, we need that to flow 

the same standardised approach 

Q6 

Can you prioritise the 

improvements in terms of business 

impact Standardised approach 

Q7 

Can you prioritise the 

improvements in terms of effort 

required  Standardised approach 

Q8 

How could you better enable the 

implementation of these 

improvements 

Type 26 Step change from the past, first time we have introduced a manufacturing 

engineering approach, we are telling people what we need and want  - it was 

difficult getting people to do what we need as they were used to do something 

difference- institutionalise the concept, what each stakeholders requires  

Q9 

What typical challenges can you 

foresee with transitioning from an 

as-is to a PLM environment which 

incorporates your improvements 

(to-be) 

First challenge - policy deployment, vision such as design for manufacture, people 

should understand and follow 

Next is changing the culture to nothing in silos - shadow of influence diagram 

Q10 
Can you prioritise the challenges in 

terms of business impact  Changing the culture, organisational thunderbolts 

Q11 
Can you prioritise the challenges in 

terms of effort required  Changing the culture, organisational thunderbolts 

Q12 

How could you overcome 

difficulties associated with these 

challenges 

Cause and effect, train and coach people of the consequence of their actions, so if 

someone in a CAD model are they thinking about how someone can install the 

equipment, E.G. enough gaps in-between  

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if 

so how? 

It would help - think of a mind map with product in the middle with key functions 

and stakeholders around it, with relationships around it, it would be massive to 

undertake due to complexity - but a framework would help with a collaborative 

coherent product 

Q14 
What other ETO industries would 

benefits from a framework? 

One of the things changing is the manufacturing system - people becoming involved 

in a process which has hit a snag - modelling on Boeing, they introduced a system 

where they stopped a line as 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 

Intro 
Brief overview of research 

using appropriate diagrams    

Q1 

Interviewer describes the key 

challenges identified in the 

research and asks 

interviewee of examples 

where he/she has 

encountered them, would 

you add or remove any? 

In summary they are really good ones in terms on ETO and the different products 

out there. What we don't do is manage that upfront and manage them 

differently, some are more complex and as a business we don't fully recognise 

that and manage that up front. In RCB2 there was a lot of pull through from 

previous programmes, but some which  were ETO 

Q2 

What are the typical key 

business objectives which you 

require a PLM environment 

to support? 

Manage the definition of the product, there are always different toolsets and 

they are specialised for different reasons, and you need to understand that, you 

can't have one big tool so you need to understand interfaces. 

Configuration and change mgmt. 

Link to how users intend to use it - that's something we don't fully utilise - you 

have some in engineering 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 buy 

Q3 

Describe your current PLM 

environment from your 

perspective? 

Challenging, and ever changing - we really struggled to define it at the outset and 

manage it as that. We don't manage and align those expectations. There is a level 

of frustrations of IT support and integration - to the point you turn it off. Very 

data rich and people lose sight of what is important - when is data useful 

information and then is it just data - nice to have it (just data) not configured and 

not maintained, so it is used for something it wasn't intended for- big overhead 

with managing data, and you need identify what is important - wood from the 

trees 

We don't always equip our people to be integrated with PLM, people often see 

PLM as a toolset, you need policy, process and people 

Q4 

Describe the typical 

challenges you experienced 

with utilising PLM? 

Ever changing, our projects are long, our environment will change, we'll go in 

with grand ideas, then changes ae done to use which none has costed for or 

resourced up, such as the Aveva ERM implementation. 
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Q5 

What improvements would 

you make to a PLM 

environment to ensure it 

meets your business 

objectives and why? 

Spend more time educating people on what is expected, where it is and how to 

access it - our environment is different from T26 and T45, but people need to use 

it correctly -  

a lot of time and effort must be put into the IT toolsets and interfaces - they get 

frustrated if it doesn't work - its further up the Maslow hierarchy of needs, if it 

goes down people are up in arms after 5 mins 

We also need to make the process really slick, so ƛǘΩǎ easy to use - RCB2 change 

process is a bit slim but if you go the other way when you put everyone in one 

such as T26, complexity in change impacts flexibility and speed of response 

Q6 

Can you prioritise the 

improvements in terms of 

business impact 

Change process really sick - ǘƘŀǘΩǎ ŀŎƘƛŜǾŀōƭŜ 

Systems integration issues - really achievable 

Functions embedded within teams to work together-  integration - quick access 

to people who can do interrogation  

Q7 

Can you prioritise the 

improvements in terms of 

effort required  

Easiest - change process slick - in our gift 

Second easiest - put people in heavy users team - go-to person for that function 

(bill of materials contact for supply chain and planning) 

Third - System integration 

Q8 

How could you better enable 

the implementation of these 

improvements 

Change process works until change is issued, it doesn't get managed in an end to 

end process - not enough prioritisation of key things - a lot of people think 

engineering own it, when it is programme management who own it because of 

the multiple functions involved, eng, quality, ops etc. - part of me think it doesn't 

matter who owns it, but someone has to step up 

Q9 

What typical challenges can 

you foresee with transitioning 

from an as-is to a PLM 

environment which 

incorporates your 

improvements (to-be) 

Biggest is how is it going to costed- ǘƘŜƴ ƛǘΩǎ ǿƘŀǘ ƛǎ ǘƘŜ ōŜƴŜŦƛǘΣ ǘƘƛǎ ƛǎ ǊŜŀƭƭȅ 

difficult - ŜǾŜǊȅƻƴŜϥǎ ƪƴƻǿǎ ƛǘΩǎ ǘƘŜ ǊƛƎƘǘ ǘƘƛƴƎ ǘƻ Řƻ ōǳǘ ƛǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ƎŜǘ ǘƘŜ 

business to agree - change is a risk mitigation and ƛǘΩǎ difficult to get investment -  

how do you quantify 

Q10 

Can you prioritise the 

challenges in terms of 

business impact  cost/benefit 

Q11 

Can you prioritise the 

challenges in terms of effort 

required  cost/benefit 

Q12 

How could you overcome 

difficulties associated with 

these challenges 

LǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎcope what the impact is - it gets back to the perceived lack of 

benefit - if you can write a business case then its fine, but if something isn't 

working properly you should just fix it  

We use risk to manage emergent challenges - there needs to be a better balance 

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 environment - 

you need to plan, which is difficult or you would get it right in the first place  

Q13 

Would a framework assist 

with the transition from as-is 

to the to-be, if so how? 

Whether I would agree with the terminology of framework I don't know, but 

there needs to be a method of communicating the key things - in that we should 

include those things we do well - those we need do should be scaled, high impact 

and planning is important 
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Q14 

What other ETO industries 

would benefits from a 

framework? 

I think the car industries is the wrong place to look, they do prototype and mass 

production - I look at what we do, sea worthiness and statutory procedures - 

regulatory regimes - there are parallels with aircraft as they have to manage their 

product through their lifecycle - nuclear are one offs, I am not sure we could 

learn from them - something which small batch sizes 
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B.14 Engineering Manager - Technical Authority Detail Design and 
all Draughting - Interview 14 

Intervi

ewee   

Compa

ny   

Positio

n 

Engineering Manager - Technical Authority 

Detail Design and all Draughting resource  

Date 18/07/2016  

Locatio

n   

Time 16:30  

   

Questi

on No Question Response Key points 

Intro 
Brief overview of research using appropriate 

diagrams    

Q1 

Interviewer describes the key challenges 

identified in the research and asks 

interviewee of examples where he/she has 

encountered them, would you add or 

remove any? 

All relevant 

An example is no prototype, key challenge as a business, something we have 

struggled with over my career. Attempted many ways to mitigate risk, continue to 

explore opportunities around that - virtual prototyping 

Q2 

What are the typical key business objectives 

which you require a PLM environment to 

support? 

Product evolution - configuration control of the design as it evolves 

The need of collaboration for the wide range of stakeholders wrt to the design they 

are providing 

A data repository for the information we have to maintaining over the range of the 

project 

Q3 
Describe your current PLM environment 

from your perspective? 

My responsibility is the 2nd and 3rd phase of the design - the initial phases deliver to 

my area - concept and functional design deliver to my area - I am a customer of this - 

the configuration of this is critical  

Change and evolution of this is critical 

We are taking PLM to levels which we have not taken to in other areas - using a 

single source engagement which we can publish to other areas, supply chain, 

planning, back into stage 1 areas - the fact we are publishing the physical design (3D 

model) we can publish this data and allow stakeholders to review 

Previously we've not had the capability to publish the design - through PLM we can 

do this but now - we can share our design - virtually importance considering the time 

that the design evolves over - configuration 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

Data alignment - system breakdown of the design (full BoM detail), tools and 

applications - CAD (Foran) and ERM, PDM 
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Q5 

What improvements would you make to a 

PLM environment to ensure it meets your 

business objectives and why? 

Alignment of the systems - we are still on that journey - ensure we have the 

alignment of the key data that the business requires 

We can't allow onerous processes - some of the workflows we have to go to are 

onerous on the engineers - keep simple and endeavour and aspire to continue to 

simplify 

Q6 

Can you prioritise the improvements in 

terms of business impact (use impact/effort 

matrix) 

1 - alignment - I know the impact of the misalignment of the data - the cost 

associated on previous programmes is a significant costs data alignment between 

CAD system and the PDM system (K checks and odap/pdap) - when we push data to 

the manufacturing environment we have to take reactive - we should have a more 

proactive approach 

Q7 

Can you prioritise the improvements in 

terms of effort required (use impact/effort 

matrix) 

1 - alignment of the data - 2 data sets that are misalignment - pain we have to go 

through to understand what the correct data we should be using is significant - my 

experience is the greater challenge as a business 

Q8 
How could you better enable the 

implementation of these improvements 

We want we don't do is enough of define the issues/requirement considering the 

solution to that and understanding the processes associated to that solution - then 

putting that into an environment which satisfies the requirement - more often we 

have to implement when we are managing a project  

Resourcing the improvements is not something we can do within  programme - we 

too often rely on resource who have a day job plus the implementation of the 

improvement  

 

The resources are the ones with the knowledge and experience of the processes and 

toolsets - we don't have them in surplus - recognition with the projects schedules - 

overlaying implementation on top of challenging programme schedules will present 

challenges which are not always achievable - we might need more time  

Can we get other resource - yes - but do they understand in details the processes and 

the difficulties - not a knowledge which is held eternally due to uniqueness and 

complexity of our product 

Q9 

What typical challenges can you foresee with 

transitioning from an as-is to a PLM 

environment which incorporates your 

improvements (to-be) 

As above - making resource available to support the implementation 

Time, commitment - IT collaboration across the function 

Behavioural aspects - commitment from the key stakeholders in order to make the 

implementation successful - various support elements are committed and provided 

and that we are ensuring that these individuals have the right behaviours ς ƛǘΩǎ Ŝŀǎȅ 

to take a negative view 

Q10 
Can you prioritise the challenges in terms of 

business impact (use impact/effort matrix) Resources 

Q11 
Can you prioritise the challenges in terms of 

effort required (use impact/effort matrix) Resources 

Q12 
How could you overcome difficulties 

associated with these challenges 

Demonstrate impact to business and sell it in such a way that although it has an 

impact on resources we will feel the same pain and incur the same costs - 

demonstrate cost/benefits to allow people to recognise that the benefit will come 

Q13 
Would a framework assist with the transition 

from as-is to the to-be, if so how? ¸Ŝǎ ƻŦ ŎƻǳǊǎŜΣ ƛǘΩǎ ŀ ƎƛǾŜƴ - its shows people the why, what and how 

Q14 
What other ETO industries would benefits 

from a framework? I'll have a think 
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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 using 

appropriate diagrams    

Q1 

Interviewer describes the key 

challenges identified in the 

research and asks interviewee 

of examples where he/she has 

encountered them, would you 

add or remove any? 
I agree, the biggest challenge is that the people work according to a process, and 

ƛŦ ƛǘΩǎ ǿŜƭƭ ŘŜŦƛƴŜŘ PLM works 

Q2 

What are the typical key 

business objectives which you 

require a PLM environment to 

support? 

A clear PLM design objective and requirement then it will works properly - I don't 

know how we can link the business objective to PLM - our objective is that PLM is 

central to the business, not just engineering but all functions so that everyone 

speaks the same language 

Q3 

Describe your current PLM 

environment from your 

perspective? 

It is not just Windchill and CAD, it is the entire process from concept to delivery 

of  the entire CADMID cycle, including in-service 

Q4 

Describe the typical challenges 

you experienced with utilising 

PLM? 

To convince people - a series of tools to define the lifecycle of the product. From 

my perspective we do PDM and a little bit more, we don't link into in-service, 

those components are missing - L ǘƘƛƴƪ ǘƘŀǘΩǎ ǘƘŜ ǊŜŀƭ ŎƘŀƭƭŜƴƎŜ - include all the 

functions and have everyone working towards the same process. PLM is a 

process, it doesn't matter what toolset you use 

Q5 

What improvements would you 

make to a PLM environment to 

ensure it meets your business 

objectives and why? 

As far as I am concerned, when you look at Naval Ships, we should bring in 

operations, we have as-designed and as-planned but not as-built, its weak 

compared to design and planning, when we have as-built it can lead on to in-

service. We should look at enterprise, end to end, CADMID which links everyone 

together, better customer satisfaction 

Q6 

Can you prioritise the 

improvements in terms of 

business impact End-end integration 
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Q7 

Can you prioritise the 

improvements in terms of effort 

required  End-end integration 

Q8 

How could you better enable 

the implementation of these 

improvements 

We have to look at operations and level of technology that they use, they are the 

weakest link in our chain, we are trying to introduce technology such as PDM to 

allow them to access the data and build up an as-built BoM, which will promote 

quality, all relevant data inputted and available, we are looking at new mobile 

technology to operations, and bring to in-service.  

Q9 

What typical challenges can you 

foresee with transitioning from 

an as-is to a PLM environment 

which incorporates your 

improvements (to-be) 

Link every transformation, its winning hearts of minds of the people, they just 

build the ship, they don't care about the information used to design the ship, the 

information is high-ǾŀƭǳŜ ŀƴŘ ǘƘŜȅ ƴŜŜŘ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ǿŀȅ ǘƘŜȅ ǿƻǊƪΣ ǘƘŀǘΩǎ ǿƘȅ 

any transformation project takes 3-5 years 

Q10 

Can you prioritise the 

challenges in terms of business 

impact  Hearts and minds 

Q11 

Can you prioritise the 

challenges in terms of effort 

required  Hearts and minds 

Q12 

How could you overcome 

difficulties associated with 

these challenges 

The approach would be 2 way, top down and bottom up, firstly 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 experience is 

that actually people have less resistance to change and can create pressure from 

down upwards when you have their buy-in, convince the majority 

Q13 

Would a framework assist with 

the transition from as-is to the 

to-be, if so how? 

Well it would be very helpful to us as it will show not just what the IM&T director 

thinks but also others  

Q14 

What other ETO industries 

would benefits from a 

framework? I'm sure there is 

  



  

 

  249 

 

B.16 Head of Programme - Interview 16 

 

Interviewee   

Company   

Position Head of Programme   

Date 11/10/2016  

Location   

Time 17:00  

   

Question No Question Response Key points 

Intro 
Brief overview of research 

using appropriate diagrams    

Q1 

Interviewer describes the key 

challenges identified in the 

research and asks interviewee 

of examples where he/she has 

encountered them, would you 

add or remove any? 

The challenges are accurate - I have worked in military aircraft - we spent a fortune on a 

team aligning the datasets, CAD/PDM misalignment - a lot of controlling dataset is valid - 

my experience in carrier, our ability to deal with complexity is a big issue 

It feels a lot better on Type 26 

In military aircraft maturity mgmt. was more mature than QEC but Type 26 is closer 

The people aspect - there are technical aspects, but the people side is a huge part of it, 

behaviours, interactions, somebody's judgement makes a big part of it - subjective 

Q2 

What are the typical key 

business objectives which you 

require a PLM environment to 

support? 
LǘΩǎ ƭƻƻƪƛƴƎ ŀǘ  ŜǎǘŀōƭƛǎƘƛƴƎ ŀ ƳŀǘǳǊƛǘȅ ƭŜǾŜƭ ǘƻ ŘŜŦƛƴŜ ŀ ǎǘŀƴŘŀǊŘΣ ŎƻƳǇƭŜǘŜƴŜǎǎ - based on 

the entering into the build phase  

Q3 

Describe your current PLM 

environment from your 

perspective? 

Design baseline, but developmental timeline, how engineering programme is delivered on 

time and cost 

Q4 

Describe the typical challenges 

you experienced with utilising 

PLM? 

The unknown, we are doing things for the first time, it is difficult to plan out what we're 

doing - trying to establish a programme baseline for non-recurring engineering tasks - I 

was talking to the Eng. director and we're asking 'do we have people to create/ deliver a 

plan' - we seem to plan at a higher level - do stuff to support a review programme - a bit 

woolly as opposed to build when we know how many pipes there are, more prescriptive 

Another one is the link between design evolution and when it becomes change 

You size the team then look at the complexity 

We are doing something different as a business and with the customer - compared to the 

aircraft carrier we have a better risk provision/management for time and cost 
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Q5 

What improvements would 

you make to a PLM 

environment to ensure it 

meets your business objectives 

and why? 

The people, when I joined the programme I got a good understanding of what we needed 

to do in terms of maturity, but we have diluted it, if we didn't need those things why did 

we ask for them, will we end up short but will try and convince ourselves its ok - resulting 

in change in the build programme - ƛǘΩǎ not the baseline we set out to achieve 

The other one is maybe we shouldn't be too prescriptive  - things change, we need to be 

flexible with complexity-  I looked at Railtrack and they had a way of dealing with it - get 

message to senior management  - at what point can we be flexible - we are not perfect 

technically, but we are much better  - ƛǘΩǎ the intelligence presented to us, what do we do 

about  

The ability to understand where we  are - CAD/PDM alignment etc. 

Q6 

Can you prioritise the 

improvements in terms of 

business impact Prescriptive /flexibility 

Q7 

Can you prioritise the 

improvements in terms of 

effort required  Prescriptive /flexibility 

Q8 

How could you better enable 

the implementation of these 

improvements 

60% of cost is in the supply chain, a huge amount of data comes from supplier - in OPV we 

didn't have the supply chain team in place and we never recovered - Understanding that 

our design in integrated with supply chain, integration with supply chain and Eng., there 

are still divisions - ƛǘΩǎ ǘƘŜ ǊƛƎƘǘ ƳƻŘŜƭ ōǳǘ ǿŜ ƴŜŜŘ ǘƻ ƭƻƻƪ ŀǘ ƛƳǇǊƻǾƛƴƎ Ƙƻǿ ǿŜ ǿƻǊƪ 

together - ensure we can manage and understand  change  

Q9 

What typical challenges can 

you foresee with transitioning 

from an as-is to a PLM 

environment which 

incorporates your 

improvements (to-be) 

we have 100's of changes which are agreed but are late - the change managers have not 

been prioritising from an internal customer perspective - ǘƘŜȅ ŀǊŜ ƴƻǘ ǊŜŎƻƎƴƛǎƛƴƎ ƻǘƘŜǊΩǎ 

needs - understanding change and what it means to others in Eng. and build 

Q10 

Can you prioritise the 

challenges in terms of business 

impact  ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ŜŀŎƘ ƻǘƘŜǊΩǎ ƴŜŜŘǎ 

Q11 

Can you prioritise the 

challenges in terms of effort 

required  ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ŜŀŎƘ ƻǘƘŜǊΩǎ ƴŜŜŘǎ 

Q12 

How could you overcome 

difficulties associated with 

these challenges 

From my aircraft experience we had a saying - Right people right role - people are 

technical but we need to move our resources, people with right skillsets doing right role - 

we have gaps in our capability, planning in engineering phase of the programme and 

delivery of the engineering phase of the programme - do we have engineering leaders 

who are driving cost and time - I was really impressed by the chief engineer, 'you said you 

ǿƻǳƭŘ ŘŜƭƛǾŜǊ ǘƘƛǎ ōȅ ǘƘŜƴ ǘƘŜƴ ȅƻǳ ŘƛŘƴϥǘϥ ƭŜǘΩǎ ƴƻǘ ǎƛƎƴ-up to something we can't do 

So we need right people in right places but there are gaps - I know there are some in 

planning 

Pull people from different industries 
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Q13 

Would a framework assist with 

the transition from as-is to the 

to-be, if so how? 
Some of it has to be prescriptive, this is what you would do and  measure - but we need to 

be less prescriptive to move in a direction and the programmes flow in different directions 

- getting people to work together shouldn't be prescriptive - we're not robots  

Q14 

What other ETO industries 

would benefits from a 

framework? Railtrack, oil and gas 
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B.17 Supply Chain Director - Interview 17 

 

Interviewee   

Company   

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  
  

Q1 

Interviewer describes the 

key challenges identified in 

the research and asks 

interviewee of examples 

where he/she has 

encountered them, would 

you add or remove any? 

Ability to 'value engineer', build cost in while designing the product - trade off of capability v 

affordability 

Manufacturing engineering - design something which is easy to manufacture, maintain and 

upgrade extremely challenging 

Obsolescence management of the product, incl. software, and emergent technology and 

enhancement which emerge through a long lifecycle 

Continuity of resources - different people and skills working effectively together 

Q2 

What are the typical key 

business objectives which 

you require a PLM 

environment to support? 

Very complex project management 

Ability to mobilise disparate and physically dispersed teams 

Ability to leverage and integrate with supply base - suppliers have multiple customers - we 

become too dictatorial with how data needs to be presented - we have different types of input 

and how we manage that is key - also being able to manage feedback for the disperse supply 

base 

Q3 
Describe your current PLM 

environment 

Data management and control - that data can be commercial and contractual - right design 

information, right governance of suppliers 

Good information and data from a bill of material, give me lead time to leverage the market 

for the best deal 

Q4 

Describe the typical 

challenges you experienced 

with utilising PLM? 

¢ȅǇƛŎŀƭƭȅ ǿŜ ŦƻŎǳǎ ƻƴ ƘƛƎƘ ǾŀƭǳŜ ƛǘŜƳǎΣ ŘƻƴΩǘ ƎƛǾŜ ǎǳŦŦƛŎƛŜƴǘ ŜƳǇƘŀǎƛǎ ƻƴ ǎƳŀƭƭŜǊ ƛǘŜƳǎ - these 

impact you greatly 

Configuration and BoM control working effectively with people and process 

End of life working effectively - post-delivery control, warranty and support for product 

questions - knowledge managed - ongoing challenges to answer questions 10 years after 

delivery of product 
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Q5 

What improvements would 

you make to a PLM 

environment to ensure it 

meets your business 

objectives and why? 

Business change management - people 

Product change - accurate view of material and what supply chain needs to support it 

Knowledge management - more integrated decisions creates biggest burden on single point of 

knowledge failure - people retire - more complicated the product those interdependencies 

become more difficult to manage 

Q6 

Can you prioritise the 

improvements in terms of 

business impact (use 

impact/effort matrix) 

1 - Short term impact - product change, majority of people manage change 

2- medium term impact - business change, mergers etc.  

3 - knowledge, longer term, how do we leverage knowledge capability in different ways, 

careful that don't hamper innovation. More controls in PLM more constraints to innovation, 

need to encourage new ideas. Less project managers to manage integration, more engineers 

All 3 have impact in different ways 

Q7 

Can you prioritise the 

improvements in terms of 

effort required (use 

impact/effort matrix) 

Too hung up on schedule adherence, difficult to implement improvements when adhering to a 

schedule 

We are driven by the customer for value for money - when you are building a complex house 

and you have a milestone for a TV, you will focus on building  the front room - instead of 

putting a roof on first 

Q8 

How could you better enable 

the implementation of these 

improvements 

In any PLM environment - IT infrastructure must be robust and flexible, must allow change 

management to be done effectively 

The way we administer ourselves, there are ways we can leverage ourselves better. Don't put 

constraints into Technical Equipment Specifications - let suppliers innovate based on our 

requirements. Let suppliers come up with the solution, we come up with fixing solution and 

tell a supplier then supplier comes back later with a better idea - too late 

Digital visualisation and digital twin 

Q9 

What typical challenges can 

you foresee with 

transitioning from an as-is to 

a PLM environment which 

incorporates your 

improvements (to-be) 

Focus on schedule adherence - not enough focus on strategic outcome 

Investment on tools techniques and systems 

As leadership changes business direction changes, objectives change 

Managing customer expectations - both internal and external - engineers want best products, 

finance cheapest therefore tension. Telling customer the art of the possible difficult 

Ensure what we do doesn't stifle innovation 

Q10 

Can you prioritise the 

challenges in terms of 

business impact (use 

impact/effort matrix) (not covered due to time constraints) 

Q11 

Can you prioritise the 

challenges in terms of effort 

required (use impact/effort 

matrix) (not covered due to time constraints) 

Q12 

How could you overcome 

difficulties associated with 

these challenges Covered in Q8 
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Q13 

Would a framework assist 

with the transition from as-is 

to the to-be, if so how? 

Yes - one of the key challenges we are too good at is we don't learn from experience - analogy 

is a limited amount of people learn from reading, few learn from observation - everybody else 

learns from own personal experience but having a framework will assist with systemically 

measuring what went well. Framework as to be translatable for different environments and 

needs 

Q14 

What other ETO industries 

would benefits from a 

framework? 

Civil construction - birge kheeler (tallest building in world) 

Not air sector as they have test production run 

Space - international space station - single most expense thing in history (what else is in this 

bracket) 

New nuclear power stations 
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B.18 Combat System Technical Authority - Interview 18 

 

 

Interviewee   

Company   

Position Combat System Technical Authority   

Date 13/10/2016  

Location   

Time 15:00  

   

Question No Question Response Key points 

Intro 
Brief overview of research using appropriate 

diagrams    

Q1 

Interviewer describes the key challenges 

identified in the research and asks 

interviewee of examples where he/she has 

encountered them, would you add or 

remove any? 

Completely, particularly in our area, we design and continually develop while 

the manufacturing is ongoing, equipment would be 6 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/manufactured, different 

for engines but definitely for the fancy stuff the user is interacting with just 

look at mobile phones now and 6 years ago 

Q2 

What are the typical key business objectives 

which you require a PLM environment to 

support? 

Querying the design is the big thing I demand, which means other have to 

input the data (which we use) 

Also linking the schematics to see the interconnections 

In the combat work we have a functional/user model of the system to ensure 

it all hangs together 

Requirements decomposition/management 

Does the design hang together 

Q3 
Describe your current PLM environment 

from your perspective? 

Its Windchill and iBoM but also DOORS for requirements and System 

Architect for the functional model of the system, and performance modelling 

tools, SMARTER for safety etc. 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

Coherence between toolsets, particularly SMARTER for safety, DOORS and 

Windchill is good but we don't have good integration with SMARTER 

I can query the functional and physical design quite well but I need to see a 

bigger picture 

Speed of being able to get new reports 

Q5 

What improvements would you make to a 

PLM environment to ensure it meets your 

business objectives and why? 

LǘΩǎ all about report generation from my perspective 

from my teams point of view I have to relate affected artefacts to a change, 

this can take days - we are always missing things, if the toolset had the 

capability to help a person understand what else could be affected that 

would be very helpful 



  256 

 

Q6 
Can you prioritise the improvements in 

terms of business impact Getting changes right - you can always get reports 

Q7 
Can you prioritise the improvements in 

terms of effort required  Getting changes right - you can always get reports 

Q8 
How could you better enable the 

implementation of these improvements 

Start with checklists - a perfect example of a complex change, combat raise 

changes to electrical data, electrical then say there isn't enough power which 

means a bigger change, GA update required, then HVAC say its broken HVAC 

assumptions in an area - we didn't have the prompts in the system to get the 

impact right - some kind of automation if you have a change have you 

thought about the impact to other parts 

Q9 

What typical challenges can you foresee 

with transitioning from an as-is to a PLM 

environment which incorporates your 

improvements (to-be) 

The toolset would need a really complex understanding of how the parts 

work together - and for it to say that thresholds have been affected - even if 

it raised that would need manual investigation 

Q10 
Can you prioritise the challenges in terms of 

business impact  Toolset understanding 

Q11 
Can you prioritise the challenges in terms of 

effort required  Toolset understanding 

Q12 
How could you overcome difficulties 

associated with these challenges 

A better understanding of what the thresholds are, what looks like a local 

change to somebody could have big impact - there needs to be a guide to say 

what the effect could be - especially if it has a limit, such as with weight 

margins policy - an engineer would need help to understand - if you put 

equipment in an area which has an impact - even if we capture the change 

impact they take a long time and are not always right 

A combination of education and presented with information - what looks like 

a small change to you may not be - first scope the change right then get it 

through the system quicker - the more we can standardise the change 

impact the quicker we can get it through 

Q13 
Would a framework assist with the 

transition from as-is to the to-be, if so how? 

Yes, just improve understanding and expand their minds - combat love 

electronics but see physical space as boring, the guys get stuck into what 

they enjoy from computer and electronics but they know nothing about 

production and mechanical Eng. and vice versa  

Combat  don't get as many surprises as we are more joined up with supply 

chain 

Every so often put people into other domains 

Q14 
What other ETO industries would benefits 

from a framework? 

Big rail projects, we've seen people come and go from cross rail and Chunnel 

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   

Position 

Head of Enterprise Systems 

IM&T -ERM/PLM/Planning and 

Finance systems  

Date 22/11/2016  

Location   

Time 16:00  

   

Question No Question Response Key points 

Intro 
Brief overview of research using 

appropriate diagrams    

Q1 

Interviewer describes the key 

challenges identified in the 

research and asks interviewee 

of examples where he/she has 

encountered them, would you 

add or remove any? 

Yes I definitely agree with what you've said - what's comes to mind, as well as the project 

being long term and expensive, they are few organised businesses who can do this work 

and it depends on the kind of work, in our situation shipbuilding we have national sites for 

shipbuilding and people/skillsets, there is clearly an age issues on business - people who 

know how to  build ships but don't know PLM - One of the surprises I have now that we 

are on our 3rd ships is the change to the system they want - people see the benefits of 

PLM, but want to use the tool differently - we now have tools overlapping such as PDM 

and ERM using planning at different times in the schedule 

Q2 

What are the typical key 

business objectives which you 

require a PLM environment to 

support? 

It can't be seen as a toolset you dip into, such as document management, it must use the 

full set of capability - you should have a mechanism for the BoM, the engineering data, 

the extra things such as Manufacturing - ERM supports other things such as 

commissioning management - ƛǘΩǎ got to be flexible to invent new business objectives that 

come along, flexibility - must manage workflow - Must be able to adapt to new ways of 

working which people haven't thought of yet - must be adaptable, so we don't need to go 

back to the supplier, must have latest software capability which my team must have, my 

team need more training than when we started, 

Q3 

Describe your current PLM 

environment from your 

perspective? 

I see it as one of several engineering systems, you need to link to CAD, visualisation, 

augment/virtual reality, internet of things will be part of the future 
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Q4 

Describe the typical challenges 

you experienced with utilising 

PLM? 

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 tools and 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 tool has 

may not fit 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 saying this 

is the way we have always worked - the interfaces may not support the way of working 

The tools are also tied together, you cannot upgrade one without the other (CAD/PDM) 

The teams are quite siloed, the CAD teams work in one way but the PDM teams work in a 

different way  - The teams don't quite see the benefit of it sometimes - they require more 

training 

When we put the architect together we said we would use standards for the data model, 

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 architecture in place which requires selling to the business, -The 

ŀǊŎƘƛǘŜŎǘǳǊŜ Ƴǳǎǘ ōŜ ƪŜǇǘ ǳǇ ǘƻ ŘŀǘŜΣ ŀǎ ǇŜƻǇƭŜ Řƻƴϥǘ ǎŜŜ ǘƘŜ ōŜƴŜŦƛǘǎ ǳƴǘƛƭ ƛǘΩǎ ƴƻǘ ǘƘŜǊŜ - 

having a simple architecture diagram is really complicated - the seniors need to 

understand what the architecture is and how it benefits 

Q5 

What improvements would you 

make to a PLM environment to 

ensure it meets your business 

objectives and why? 

There is a constant architecture change - corporate want a different PDM tool they 

haven't the architecture  - the journey with our current PDM toolset has helped, you know  

what you need 

Q6 

Can you prioritise the 

improvements in terms of 

business impact Architecture improvements 

Q7 

Can you prioritise the 

improvements in terms of effort 

required  Architecture improvements 

Q8 

How could you better enable 

the implementation of these 

improvements 

There are new techniques in IT, the cloud, virtualisation technologies - we will virtualise 

our toolsets - we need to update our toolsets quicker than we've ever done in order to 

respond to business needs - e.g. upgrade our PDM system takes 8-9 months, we now 

need to do it in 3 months - these architectural improvements will help, any toolset that 

doesn't help us we won't use, e.g. quick back-up, do one roll-out 

Q9 

What typical challenges can you 

foresee with transitioning from 

an as-is to a PLM environment 

which incorporates your 

improvements (to-be) 

We still do it in the waterfall method, we need to break up the testing so its testing and 

rollout as we go along, sometimes you can do it sometimes we can't - the cycle time of 

change within the toolset takes too long - architecture is software 
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Q10 

Can you prioritise the 

challenges in terms of business 

impact  Break up testing and implementation for faster turnaround (SCRUM) 

Q11 

Can you prioritise the 

challenges in terms of effort 

required  Break up testing and implementation for faster turnaround (SCRUM) 

Q12 

How could you overcome 

difficulties associated with 

these challenges 

You have to bring confidence with the team - the problem is that the users what to test 

everything - Waterfall takes too long 

Q13 

Would a framework assist with 

the transition from as-is to the 

to-be, if so how? 

I think in the end the silos have to go away - I know I will not get proper requirements, we 

need to get those who write requirements within the team, work together and deliver it 

incrementally - deliver it into bits 

There is a culture of we've done our bit and we're waiting - we need to improve how we 

work together - we can't blame to use for not delivering a requirement as they know what 

they want but not how to get there 

Its about being better organised - get an expert team who roles our new capability and 

engages with the business - break down barriers 

Some people say in CAD/PDM we've haven't been trained and we don't know the process 

- we need to sit down and work with the teams, such as the changes to the F-builds which 

we didn't know - There is a definitely a big gap/barrier between IT an the business 

Q14 

What other ETO industries 

would benefits from a 

framework? Utilities 
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B.20 Nuclear - Interview 20 

 

Interviewee   

Company   

Position 

Programme Director for Security Resilience 

Head of Engineering Design Assurance 

Programme Design Manager  

Date 25th Oct 2016  

Location   

Time 10:00  

   

Question No Question Response Key points 

Intro 
Brief overview of research using appropriate 

diagrams    

Q1 

Interviewer describes the key challenges 

identified in the research and asks interviewee 

of examples where he/she has encountered 

them, would you add or remove any? 

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 improvements - new buildings, new deterrents, 

emergency resilience equipment, cyber resilience 

All sounds very familiar 

A lot of the work we do is bespoke, many of our products deal with things that 

have been down before- retrieving and treating nuclear waste - nothing off the 

shelf, design time quite long, a lot of time before you 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 maturity 

before manufacturing - security and resilience - balancing time pressure and 

risk, wanting something to do a job and releasing to build - we've spent a 

significant amount of money which isn't bearing fruit - ƛǘΩǎ a balance 

You need to be able to adapt - technology adapting is a critical element which 

needs incorporating 

Q2 

What are the typical key business objectives 

which you require a PLM environment to 

support? 

Safe, secure, stewardship of the site, safety is the top one for obvious reasons 

Reputation damage  

We are also spending tax payers money, spend it wisely, commercial contracts 

are viewed carefully 

The full project may be not of the shelf but there are elements within it which 

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 from 

your perspective? 

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 called 

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 Sellafield it 

is sub contracted out - we use Atkins and other sub-contractors 

We have a value transition to market approach - for 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 supply chains 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 has to accepted by Sellafield LTD, 

that process of providing intelligent customer can cause problems but can be 

successful - so it can be behavioural, and that it's between Sellafield and do the 

supply chain who provide the information 

The supplier chain if its new to Sellafield we can underestimate the intelligent 

customer 

If you take the example on QEC, BAE was the co-ordinator and Thales doing the 

design - setting that practice to enabling the design for progressive maturity 

and acceptance - this is something we have success within that collaborative 

approach 

Q6 
Can you prioritise the improvements in terms 

of business impact 

Both are important, behaviours are so important - you can have the same 

contract position but if the behaviours aren't right then the projects can go off 

in different direction - Sellafield and supply chain 

A balance to be had with blue chip companies who one things well ƛǘΩǎ a 

challenge to bring that in on Sellafield, as there are different spec and 

standards  - we have dept. of energy and you have the MoD pushing for value 

for money and competitiveness which drives uncertainty into the programme - 

Q7 
Can you prioritise the improvements in terms 

of effort required  As per Q6 

Q8 
How could you better enable the 

implementation of these improvements 

We would prefer long time collaboration with supply to build relationship  - not 

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 where 

you can turn around mini  competition quickly and you know what your getting 

- in shipbuilding its peaks and troughs, maintaining capability of supply chain 

and designers, but the supply chain have to deal with uncertainty - we would 

rather a healthily supply chain which isn't reliant on Sellafield but other areas 

which sustains apprenticeships, invest in skills, retain skills etc. People just 

move where the work is 

Q9 

What typical challenges can you foresee with 

transitioning from an as-is to a PLM 

environment which incorporates your 

improvements (to-be) 

One of the challenges would be from the supply chain angle, the certainty of 

business - we have a yearly supply chain contracts - customer decisions to 

delay or cancel work means that that supply chain are reluctant to invest that 

this work is coming along - ƛǘΩǎ a challenge 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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Q10 
Can you prioritise the challenges in terms of 

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  

Q12 
How could you overcome difficulties 

associated with these challenges 

We have a design alliance which renewable very 5 years, we have to 

demonstrate value for money - but you weren't getting much savings in the 

first 2/3 years, that investment bears fruits after, they are not short term 

arrangements 

You need to SQEP the assets, that they get involved, they're skills increase, if 

they don't get certainty 

Q13 
Would a framework assist with the transition 

from as-is to the to-be, if so how? 

On one particular project we're dealing with we are tackling issues with the 

relationship of project management - setting up training a university (multiple 

universities involved - Manchester University, local colleges) for Sellafield, the 

project management academy - ƛǘΩǎ ƴƻǘ ƛǘϥǎ taΣ ŜŀǊƴŜŘ ǾŀƭǳŜ ŜǘŎΦ - its planning, 

risk management - ƛǘΩǎ ŀ ǿƛŘŜǊ ŀǊŜŀ ǿhich interfaces with other others 

including engineering 

Q14 
What other ETO industries would benefits 

from a framework? 

Petrol chemical, pharma, a lot of companies which work with us are those, 

because they similar safety scenarios, clean rooms etc. - complex one of 

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 

Intro 
Brief overview of research using 

appropriate diagrams    

Q1 

Interviewer describes the key 

challenges identified in the research 

and asks interviewee of examples 

where he/she has encountered 

them, would you add or remove 

any? 

Many challenges - formality of managing a product and a portfolio of projects - 

the whole lifecycle - development of product into support ς maritime defence - a 

large scale and small scale 

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? 

Our lifecycle process is built around the project lifecycle - fully capture what we 

need to interface to - risk associated - dependencies - understood and 

management - if the prime upgrades what are the effects - how do we get off 

contract - contractually 

Q3 

Describe your current PLM 

environment from your 

perspective? 

We've got a project lifecycle at a high level - we have a systems engineering 

process - that is where we manage the integration and the gates are understood - 

product, process 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 
Varies between project to project - from a supplier perspectives it is well defined 

Q5 

What improvements would you 

make to a PLM environment to 

ensure it meets your business 

objectives and why? 
Our lifecycle process covers  - ensure everything is captured upfront - our 

lifecycle management - contractual is understood - contract 

Q6 

Can you prioritise the 

improvements in terms of business 

impact Lifecycle mgmt. 

Q7 

Can you prioritise the 

improvements in terms of effort 

required  Lifecycle mgmt. 
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Q8 

How could you better enable the 

implementation of these 

improvements 

Your trying to pre-empt and feedback all the time - the more knowledge of the 

systems you have to interface with the better - you try and avoid bespoke but 

you have to expect it 

Ensure you include the primes engineering community and not just project 

managers - include experts 

Q9 

What typical challenges can you 

foresee with transitioning from an 

as-is to a PLM environment which 

incorporates your improvements 

(to-be) 
Promote your product - early engagement 

Q10 
Can you prioritise the challenges in 

terms of business impact  

Understanding of supplier perspective in maturity - communicate our maturity 

management and product approach to supply chain 

Q11 
Can you prioritise the challenges in 

terms of effort required  

Understanding of supplier perspective in maturity - communicate our maturity 

management and product approach to supply chain 

Q12 
How could you overcome difficulties 

associated with these challenges 
Our lifecycle management - we have systems engineers review to ensure that we 

understood the changes and how to engineer, develop etc. - early technical 

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if 

so how? 

Factor all the information and impact from information - a process which allows 

comments and feedback - improve the communication- details of communication 

Q14 
What other ETO industries would 

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    

Q1 

Interviewer describes the key challenges 

identified in the research and asks 

interviewee of examples where he/she 

has encountered them, would you add or 

remove any? 

Agree with key challenges, but depends on context. We don't make enough use of skills 

and capabilities of mass manufacturing such as cars, welding technologies etc. 

I agree with requirements and customer driven approach, the way the customer 

approaches contracting, individual contacting 'salami contracts' design, manufacturing - 

sub optimal solutions - focusses on year costs and a more optimal through-life cost 

Customer abilities to model their costs, their ability to model cost is limited and  impacts 

our ability to  model cost against capability and architecture, to give a much better 

forecast of costs  

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? 

PLM has to support profit value for the business, leaner, more for less, appropriate 

metrics. What are the right people when we want enterprise resource management? How 

do we optimise those for delivery - how do we deliver that capability. How do we provide 

an integrate process set. How can we integrate with our business units such with 

maritime service for support - PLM through life into maritime service - a vehicle for 

integration 

Q3 
Describe your current PLM environment 

from your perspective? 
The application of Process to manage our data, IPPD gave use configuration, change, BoM 

integration The flow through into production. 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

From a systems engineering point of view we have poor integration - requirements mgmt. 

are stove-piped for example. How can we tailor our processes so we can provide better 

value for money - 

Scalable, not Type 26 process for an OPV - the same for roles - the overhead Type 26 can 

bear is not what an OPV can 

Capability of people and capability delivered by groups - as we look at high technology the 

skills of a fitter etc. In terms of validation/verification etc. is a key component in providing 

certification of the delivered products - how do we enable that 

Requirements management - people, processes toolset improvements 
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Q5 

What improvements would you make to a 

PLM environment to ensure it meets your 

business objectives and why? 

Process and people - the toolsets are low down in the scheme of things, ensuring we have 

an integrated process sets to ensure it meets ours and customer needs 

Up skilling people - some people get it and understand what PLM is, there is an implicit 

understanding - how do you get an explicit understanding 

Then there people are those who don't get the main thrust of the concept - how do you 

educate and bring them along - change in behavioural aspect 

Q6 
Can you prioritise the improvements in 

terms of business impact 
Process and people 

Q7 
Can you prioritise the improvements in 

terms of effort required  
Process and people 

Q8 
How could you better enable the 

implementation of these improvements 

Identifying demographics of what the market is - some marketing - understand 

dimensions people have - those which are explicit/implicit, resistance to change etc. 

Try and make training, awareness tailored, a bespoke offering to take them to the 

appropriate level and identifying those which you would then take to move to a higher 

knowledge - where are the leaders - then you look at leadership roles 

Understanding the position and then target approach - money for maximum bang for 

buck 

Q9 

What typical challenges can you foresee 

with transitioning from an as-is to a PLM 

environment which incorporates your 

improvements (to-be) 

People acceptance of change is the biggest thing- many decades of resistance which we're 

trying to change - rail industry have a similar level of pain but are getting to the other side 

- classical industries can be compared with regard to culture, rail and shipbuilding, highly 

skilled  but transactional 

Q10 
Can you prioritise the challenges in terms 

of business impact  Business change management 

Q11 
Can you prioritise the challenges in terms 

of effort required  Business change management 

Q12 
How could you overcome difficulties 

associated with these challenges 

Promoting message within Central Engineering, they understood, many tens of people 

who are change engines - within the  marine team they have improved significantly - we 

need to demonstrate and show what it has delivered - this is what we have done - 

articulate benefit to the business and the individual 

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if so 

how? 

It would help in as much it would give you a roadmap to indicate the direction of travel - 

Sometimes architectural models are criticised for just being formulaic a tick box, too rigid 

- you need to think of what you are doing rather than reflecting on what you are doing - 

guide you but not tell you, seed ideas, give you things to think about but not have a one 

size fits all - in our product we have complexity, is a Type 26 and OPV have different 

complexities 

Q14 
What other ETO industries would benefits 

from a framework? 
Rail industry - critical engineering projects managing many years - what's in those projects 

what can we learn, what can they learn from us. The weapons industry is responding to a 

customer need but they have many 1000's of units, can they use this framework. 
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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 research using 

appropriate diagrams    

Q1 

Interviewer describes the key 

challenges identified in the 

research and asks interviewee of 

examples where he/she has 

encountered them, would you 

add or remove any? 

I recognise a lot of these challenges particular in Maritime  

In maritime we have 2 Landing Helicopter Docks, a very bespoke customised design to 

meet Australian perspective 

Some of those challenges such as BoM maturity is not well understood across many of 

our products 

Q2 

What are the typical key business 

objectives which you require a 

PLM environment to support? 

/ƘŀƴƎŜ ƳŀƴŀƎŜƳŜƴǘΣ ŜƴƎƛƴŜŜǊƛƴƎ ŎƘŀƴƎŜΣ ǊŜƎŀǊŘƭŜǎǎ ōƛƎ ƻǊ ǎƳŀƭƭ ǘƘŀǘΩǎ ǿƘŜǊŜ ǿŜ ǎŜŜ 

cost overruns - implementing PLM 

No one has defined key objectives, when we have a product centric project we need a 

more configuration management approach - key project management approach for 

managing change 

A lot of people manage configuration as design challenge, not as a full lifecycle 

approach- when in in-service - PLM across the full lifecycle, that is how we are maturing 

in the company 

Q3 

Describe your current PLM 

environment from your 

perspective? 

Our process is very focussed on configuration management in design phases 

Outside the core aspects we using it for supply chain - asset management 

On the technology space we're moving from very bespoke systems to a COTS Windchill - 

taking time, another 5 years - because we are consolidating on the toolset we are 

suffering  from not being able to evolve our technology - because we are co-ordinating 

we are not putting enouƎƘ ǘƛƳŜ ƛƴǘƻ ŎŀǇŀōƛƭƛǘȅ ƛƳǇǊƻǾŜƳŜƴǘΣ ƛǘΩǎ ǾŜǊȅ ǎƳŀƭƭ - when we 

come to down our SEA 5000 approach we can take what has been done in the UK - 

impacting our ability to innovate to condition - just what has come from the new 

Windchill functionality, not what has 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 PLM - for different people is means 

different thing - getting a definition which is not just Wikipedia is difficult, as we have 

different projects which are acquisition- but we are seeing difference such as AWD 

which is moving into the support space 
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Q4 

Describe the typical challenges 

you experienced with utilising 

PLM? 

People, peoples uptake - one of the biggest challenges we face is that everyone wants 

their own customised systems - this is massive overhead - With something like Type 45 

you can have 1, but for over 40 projects its difficult, we have tried to come up with 

standardisation, but every project wants their own way 

¢ƘŜ ǇŜǊŎŜƛǾŜŘ ƘƛƎƘ Ŏƻǎǘ ƻŦ ƛƳǇƭŜƳŜƴǘƛƴƎ t[aΣ ǘƘŜȅ ǎŀȅ ƛǘΩǎ ŀ ƘŀƳƳŜǊ ǘƻ ŎǊŀŎƪ ŀ ƴǳǘΣ 

then they come back after using second tier system such as SharePoint, but they come 

back and invest in Windchill licences 

Getting away from legacy tools, data migration is what blows out the cost as everyone 

wants to keep the history 

Q5 

What improvements would you 

make to a PLM environment to 

ensure it meets your business 

objectives and why? 

I have a very clear business owner - maybe this is unique because we have a many 

projects - our head of maritime had one visions which was fine - across our other 

business we don't have that single owner - if we went  with iBoM ON Type 26 we've 

have UK telling us what to do or IM&T telling us what to do - Engineering don't have a 

good overview of how PLM is important to the business 

We are very project centric org rather than a product centric - project managers lead - 

so the importance of PLM is lost base of cost and schedule 

Q6 

Can you prioritise the 

improvements in terms of 

business impact 

One clear PLM owner would help more which would help focus PLM and focus our 

approach - but as there is no clear owner across the business - needs to be the right 

owner so single approach and disparate  customised systems 

Q7 

Can you prioritise the 

improvements in terms of effort 

required  

Changing from project to product centric due to the way our customer works ƛǘΩǎ about 

delivering the project as opposed to the long term efficiency of the project 

Q8 

How could you better enable the 

implementation of these 

improvements 

Put a lot more effort into wining the hearts and minds of the senior people - the 

understanding of the importance has been very difficult - they see it as IT, someone lese 

project, if it goes wrong it can impact projects- more effort into winning hearts and 

minds of senior people 

Q9 

What typical challenges can you 

foresee with transitioning from 

an as-is to a PLM environment 

which incorporates your 

improvements (to-be) 

Everyone agreeing what the overall process and process are and what the overall 

architecture is - some areas of the business wants large and some small - scalable, due 

to the varying size of the projects that scalable is a challenge 

they see it as IT, someone lese project, if it goes wring it can impact projects - they don't 

want to be seen - the history of PLM over the years is that acquired customers have 

done it their way - they see it as IM&T telling them want to do - in the past we were 

never truly one company - business change element 

Stability 

Q10 
Can you prioritise the challenges 

in terms of business impact  

Everyone agreeing - Data migration is the biggest thing - we double cost and schedule 

estimates as a rule of thumb 

Scalable - smaller working for smaller projects, other Windchill on tablets for working 

on the products 

Q11 
Can you prioritise the challenges 

in terms of effort required  

Easy thing is to be as consistent as possible to build integrity into the systems - we 

didn't tried to migrate, build stable system that never goes down - easy and most 

important is to build stability and be consistent with development and training - we 

have full time trainer 
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Q12 

How could you overcome 

difficulties associated with these 

challenges 

If I could do it differently I would put a lot more effort into the organisational change 

piece - we don't go out and approach people and say this is the BAE Australia approach 

- We don't have the bandwidth - we have to make our comms and training generic as 

possible - more comms, posters, bulletins etc. - we had to reduce the head count so 

business change was impacted, seen as low value, then people see it as low value 

Q13 

Would a framework assist with 

the transition from as-is to the 

to-be, if so how? 

I think it definitely help - like anything if you have a clear vision you can continue with 

comms when you are building your systems - you got the strategy signed off then its 

lost as other seniors don't get it - we have met the key objectives but with a clearer 

framework, sponsorship and vision it would help a lot - if we want to take this forward 

we need a consistent visions 

Q14 
What other ETO industries would 

benefits from a framework? 

Really understanding what people want from the Enterprises architecture  - they see it 

as tools not processes - we have a big investment with Oracle for ERP but we need to 

link in with other functions - supply chain etc. - PLM should join up processes - ITAR is a 

good example of we can utilise PLM - we are looking at export control - with a 

combination of Windchill and oracle (for asset management) it will manage 80% of the 

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 Response Key points 

Intro 
Brief overview of research using 

appropriate diagrams    

Q1 

Interviewer describes the key challenges 

identified in the research and asks 

interviewee of examples where he/she 

has encountered them, would you add or 

remove any? 

One of transfer of risk, how much risk can we transfer to industry - it can break big 

companies if we get it wrong - can we realistically transfer - that is why we have a MOD 

team - ensure that the design is being managed and are manageable 

Government will own consequence of product - we can put life's at risk  

Taxpayer value 

Commonality across defence 

We know how these ships will be operated in a combat environment - industry can't 

understand this - so we bring this into the design and requirements 

We need to align with Government Furnished Information across whole ships 

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? 

I need the information to confirm we are developing a  solution that meets our 

requirements and will be achieved 

Risks are understood  

Track the information - not data but information, what does that mean - maturity, 

quality, risks, performance measure 

Q3 
Describe your current PLM environment 

from your perspective? 

Reports for understanding issues, listening in on meeting  - critical zone reports are 

quite good, needs further work with what it means to the schedule - I go into the MCE 

and Cognos 

Still need the discussion with people - need to understand how make it useful so we can 

act upon - we're good at generating data but needs to be meaningful 

The systems dashboard has lots of data but what does it mean - people need to 

describe what it means - human bit needs to be on it to ensure we can interrogate the 

data to make it meaningful - data to information key which requires human element 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

Boiling down all that data is our there to understand what the engineering status is so I 

can articulate to my customer - need to boil down to something which shows us risk, 

safety and schedule status  
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Q5 

What improvements would you make to a 

PLM environment to ensure it meets your 

business objectives and why? 

Data digestible which you can make decisions against 

 - Subs in-service nearly got there - a dashboard which shows you the status of the 

information progress - engineering risk we have, risk, schedule, key issues etc. 

Integration and understanding of the consequences of other ǇŜƻǇƭŜΩǎ information 

access - we are good at putting data in the iBoM but if we don't put in the right data for 

others - better understanding of what other requires - e.g. electrical needs, combat 

didn't understand, weights - do we recognise what we are really missing 

Q6 
Can you prioritise the improvements in 

terms of business impact 

Consequences - if people understand consequences they would understand the need 

for better data 

Q7 
Can you prioritise the improvements in 

terms of effort required  

Good quality data is not difficult - harder to work with people understanding each other 

data - working on stovepipes - it gets harder the bigger the team, when you have a 

team of 1000 people split over a number of sites it becomes really hard 

Q8 
How could you better enable the 

implementation of these improvements 

EGG meetings work well - MAITS re position as it brings different functions together 

Geographically stove piped even within Scotstoun - build more integrated teams - 

common issues - disperse teams, e.g. safety - AA leads sit together not with their teams 

- means they talk to each other 

Q9 

What typical challenges can you foresee 

with transitioning from an as-is to a PLM 

environment which incorporates your 

improvements (to-be) 

We are doing it, are we doing it enough - naval architects - should they not be with 

stage 2  - at a point in the programme we should adapt accordingly - stage 2 focussed so 

stage 1 should be focussed on stage 2 delivery 

Challenge is not enough people - can't allocate individuals to each zone 

Lose peer support - LFE becomes more difficult to speed around 

Some don't like working outside their area - location is challenge 

There is a danger we try and drive an integrated approach through process and toolset - 

which is fine as long as you define your process and toolsets follows - that's fine but we 

need to focus on people - people have different needs - need to get right balance - 

understanding where people fit into  

Q10 
Can you prioritise the challenges in terms 

of business impact  Understanding where people fit in 

Q11 
Can you prioritise the challenges in terms 

of effort required  Understanding where people fit in 

Q12 
How could you overcome difficulties 

associated with these challenges 

Try and inspire a level of ownership - I can go into maturity meeting and sometimes I 

feel people don't care enough - not good responses in meetings - inspire ownership 

individually and as a team - same problem in mod side 

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if so 

how? 

MoD has acquisition guidance doc which is our starting point -should be good advice, as 

opposed you  must do that - a framework is required but I think we should have aims 

and directions - more of a guide, this is how other products have done it - not steps as it 

may hamper innovation - more guidance less prescription - tailor it, more of steer - 

easily digestible - they must be able to understand it they won't follow it, same if ƛǘΩǎ too 

difficult - must be able to help them - more difficult people won't use them so we'll lose 

out 

Q14 
What other ETO industries would benefits 

from a framework? 

Most will benefit as all have to put a team together, secure money - quirks between 

mod and non-mod but they are parallels - governance, business case, people 

management etc. - different technology, integration etc.  but they are similar - 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 overview of research using 

appropriate diagrams    

Q1 

Interviewer describes the key 

challenges identified in the research 

and asks interviewee of examples 

where he/she has encountered them, 

would you add or remove any? 

Wouldn't remove any 

My role is understanding the performance of programmes from a design 

perspective 

Type 45 - I was in project management, huge focus on risk - BoM mgmt. BoM 

Maturity - the procured BoM didn't align with the design BoM, the delivered BoM 

didn't align with the build - BoM alignment - parent item ordered and design, but 

broken down and challenges with alignment 

change management, lots of change once production is underway - costly 

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? 

Minimise rework - minimal the cost of quality - cost of failure/rework 

Design definition should support easy acceptance by the customer 

Product definition handed over the customer would help to maintain through its 

life 

Should help us be internationally competitive - a tool for efficiency and not an 

added cost for no return 

Q3 
Describe your current PLM environment 

from your perspective? 

When I hear PLM - I hear concept design through to disposal, but from our 

ǇŜǊǎǇŜŎǘƛǾŜ ƛǘΩǎ ǘƘǊƻǳƎƘ ǘƻ ƘŀƴŘƻǾŜǊ 

Organisation - we have a hard boundary between people - system design and detail 

Data handover between disciplines - not well integrate - CAD team demand 

information from system design whereas they should be involved themselves 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

Detail design team have their competence dumbed down - they should be able to 

design model and pass to outputs - separate  

Organisation barriers 

Overcomplicate design maturity - we overcomplicate system maturity and spatial 

maturity - maturity management defiantly area which adds value, we add 

ǇǊƻƎǊŜǎǎƛǾŜ ǊŜŦƛƴŜŘ ƻŦ ŀ ǎȅǎǘŜƳ ǿƘƛŎƘ ŘƻƴΩǘ ƳŜŀƴ ƛǘΩǎ ƴƻǘ ƳŀǘǳǊŜ 

Q5 

What improvements would you make 

to a PLM environment to ensure it 

meets your business objectives and 

why? 
Simply the systems design maturity - at requirement level the customer sign up to it  

On the Irish OPV I introduced a maturity criteria with change - simplification 
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Q6 

Can you prioritise the improvements in 

terms of business impact (use 

impact/effort matrix) 

Simplification 

Get to the important principles before you get to part level 

Q7 

Can you prioritise the improvements in 

terms of effort required (use 

impact/effort matrix) Simplification 

Q8 
How could you better enable the 

implementation of these improvements 
Simplification 

Q9 

What typical challenges can you foresee 

with transitioning from an as-is to a 

PLM environment which incorporates 

your improvements (to-be) 

It has been recognised by naval ships - we are looking at organisational design - a 

capable hub for the business - it is taking us to a capability hub across all out areas - 

cross functional teams at appropriate points, e.g. systems designers  

management aspects would reside in the project - also project mgmt., customer 

mgmt., detail design (due to schedule mgmt. with volume) more resource available 

Improve utilisation of key resources - focus on core business value adding activities 

Q10 

Can you prioritise the challenges in 

terms of business impact (use 

impact/effort matrix) Organisational  construct 

Q11 

Can you prioritise the challenges in 

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 

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if so 

how? 

Absolutely - a framework/method/process - how does that team interact and be 

consistent - schedule demands - the answer is unknown 

Q14 
What other ETO industries would 

benefits from a framework? 

Hospital - new Queen Elizabeth, massive undertaking - systems of systems - 

operability issues - complex organisation, NHS 

Nuclear power station 

I want outside expertise - I am recruiting test and commissioning and I want some 

who has commission a hospital or chemical plan 
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B.26 Lead Combat Systems Integrator - Interview 26 

 

Interviewee   

Company   

Position 

 

Lead Combat Systems 

Integrator   

Date 

 

29the March 17 

  

Location   

 

Time 15:00  

   

Question No Question Response Key points 

Intro 
Brief overview of research 

using appropriate diagrams    

Q1 

Interviewer describes the key 

challenges identified in the 

research and asks 

interviewee of examples 

where he/she has 

encountered them, would 

you add or remove any? 

¸ƻǳ ŎŀǇǘǳǊŜŘ ƛǘ ǿŜƭƭΣ ȅƻǳΩǾŜ Ǉǳǘ ƛǘ ƛƴ ŀ ŎƻƘŜǎƛǾŜ Ƴŀƴƴer, from my background and 

experience it is relevant and expected, I would note because of your background or 

research you touched on key points which would have occurred to me naturally 

Q2 

What are the typical key 

business objectives which you 

require a PLM environment 

to support? 

Profitability, lifecycle management, in my mind 2 things ς risk reduction for exposure to 

warranty costs or rework, it is also a key resource for customer satisfaction ς the 

delivered product meets customer requirements 

Q3 

Describe your current PLM 

environment from your 

perspective? 

We were trying to get the latest technology in, but had immature technical ref material, 

configurations such as software were immature ς challenges rolled down to other 

systems due to interconnections. 

PLM challenge of on non-Lockheed sourced supplier data 

The size of the programme a challenge ς variants/design streams which needed to run 

from same PLM platform e.g. export orders for Japanese, Spanish and US navy expanded 

to different ships. 

SAP products were used 

 

Q4 

Describe the typical 

challenges you experienced 

with utilising PLM? 

We would make a design change and often found it difficult to export properly into 

government systems or our partner Bath Iron Works systems. Government and bath had 

propriety in-house developed systems. 
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Different supply chain procurement activities across partners which affected production 

such as bolts not fitting nuts as a crude example. 

Technical document when they expanded the programme they had different standards 

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 

Q5 

What improvements would 

you make to a PLM 

environment to ensure it 

meets your business 

objectives and why? 

I love your iBoM, also your data loader for vendor information which populates supplier 

information; it would have been an enormous improvement for us. 

The customer was paying multiple times for multiple information changes due it being in 

different systems. Single sourcing is the key, all of the technical, design, logistical and 

schedule all single sourced. Single point of truth  

We then used the cloud which has helped 

 

Q6 

Can you prioritise the 

improvements in terms of 

business impact Single, integrated source 

Q7 

Can you prioritise the 

improvements in terms of 

effort required  Single, integrated source 

Q8 

How could you better enable 

the implementation of these 

improvements 
Start with it from the beginning, I would write the contracts so that all players use that 

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 own  

Q9 

What typical challenges can 

you foresee with transitioning 

from an as-is to a PLM 

environment which 

incorporates your 

improvements (to-be) 

Contract misalignment. 

With a big company I had resources to draw on; with smaller vendors/suppliers they 

ŘƛŘƴΩǘ ƘŀǾŜ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ǘƻ ǎǳǇǇƻǊǘ ǿƘŀǘ ǿŜ wanted to do.  

Q10 

Can you prioritise the 

challenges in terms of 

business impact  Resource for smaller vendors/suppliers to take integrated approach 

Q11 

Can you prioritise the 

challenges in terms of effort 

required  Resource for smaller vendors/suppliers to take integrated approach 

Q12 

How could you overcome 

difficulties associated with 

these challenges 

We leveraged ours resources to help the smaller companies understand, comply and 

integrate 

Q13 

Would a framework assist 

with the transition from as-is 

to the to-be, if so how? 

Of course it would, anything such as a pick-list or template would help. We could give 

them to the contracts to say what we want, to the suppliers to say what they need to do, 

and schedule what they need to do. Helps people to understand. Keeps the end in sight 

from the beginning, helping getting to the end point 

Q14 

What other ETO industries 

would benefits from a 

framework? 

Civil engineering activities, Power plants, once off type things such as missile defence 

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    

Q1 

Interviewer describes the key 

challenges identified in the research 

and asks interviewee of examples 

where he/she has encountered them, 

would you add or remove any? 

L ǿƻǳƭŘ ŀƎǊŜŜ ǿƛǘƘ ǘƘŜƳΣ ǿŜΩǾŜ ŜƴŎƻǳƴǘŜǊŜŘ ŀƭƭ ƻŦ ǘƘŜƳΦ .ƛƎƎŜǎǘ ōŜƛƴƎ ǘƘŜ ƭŜǾŜƭ ƻŦ 

customisation from programme to programme. 

Not high volume compared to other industries 

 

Q2 

What are the typical key business 

objectives which you require a PLM 

environment to support? 

I think PLM to cradle to grave, concept to disposal. 

²ŜΩǊŜ ǾŜǊȅ ƳǳŎƘ focussed on the development lifecycle to meet the customer needs 

and contractual requirements 

Q3 
Describe your current PLM 

environment from your perspective? 

We view the PLM environment as tool centric, for me the PLM environment we think 

of is Windchill, I know itΩǎ ƳƻǊŜ ǘƘŀƴ ǘƘŀǘ ōǳǘ ƛǘΩǎ ǘƘŜ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƘŀǘ ²ƛƴŘŎƘƛƭƭ 

provides us, development of the product, document control, management of supplier 

information, ensuring the configuration management of our product is secure, 

traditional Change Management 

Q4 
Describe the typical challenges you 

experienced with utilising PLM? 

hƴŜ ȅƻǳ ƘŀǾŜƴΩǘ ƳŜƴǘƛƻƴŜŘ ƛǎ ŎǳƭǘǳǊŜΣ ǘǊȅƛƴƎ ǘƻ ŎƻƴǾƛƴŎŜ ǘƘŜ ŎƻƳǇŀƴȅ ǘƻ ǳǎŜ t[aΦ 

We are new to PLM, ƛǘΩǎ difficult to change the business model 

We have a certain company business model which was developed before the days of 

t[a ŀƴŘ ǘƻƻƭǎ ƭƛƪŜ ²ƛƴŘŎƘƛƭƭΦ LǘΩǎ ŀ ŎƘŀƭƭŜƴƎŜ ǘƻ ǎǘŀƴŘŀǊŘƛǎŜ ƻǳǊ ōǳǎƛƴŜǎǎ ǇǊƻŎŜǎǎŜǎ 

and use Windchill. Everyone has different opinions with multiples projects which go 

through different lifecycles. What those processes are and what data requires to be 

managed is difficult. Its difficult due to those like us who are new to PLM 

Q5 

What improvements would you make 

to a PLM environment to ensure it 

meets your business objectives and 

why? 

CƻǊ ƳŜ ǇŜǊǎƻƴŀƭƭȅ ƛǘΩǎ ƳƻǊŜ ŀǘǘŜƴǘƛƻƴ ǘƻ the design of PLM itself as opposed to 

ƧǳƳǇƛƴƎ ƛƴ ǘƻƻ ǉǳƛŎƪƭȅΣ ǿƘƛŎƘ ǿŜΩǾŜ ŘƻƴŜ ƛƴ ǘƘŜ ǇŀǎǘΦ CƛƎǳǊŜ ƻǳǘ ǿƘŀǘ ȅƻǳ ǿŀƴǘ ǘƻ Řƻ 

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, they want it 

ŘƻƴŜ ŀƴŘ ǘƘŜȅ ŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘŜ ǇǊƻōƭŜƳǎ ǿƘƛŎƘ ƴŜŜŘ ǘƻ ōŜ 

figured out upfront 

Q6 
Can you prioritise the improvements 

in terms of business impact 
Process, data and people approach in place upfront 

Q7 
Can you prioritise the improvements 

in terms of effort required  
Process, data and people approach in place upfront 

Q8 

How could you better enable the 

implementation of these 

improvements 

9ŘǳŎŀǘƛƻƴΣ ƛǘΩǎ ǿƘŀǘ Ƴȅ ƛƴǘŜƴǘ ƛǎ ƻƴ ǘƘŜ /ŀƴŀŘƛŀƴ {ǳǊŦŀŎŜ /ƻƳōŀǘŀƴǘ (CSC).  

Education to ensure those who have a stake in it understand the importance of doing 

it right up front. 

Training which can help the process and Windchill expertise, those who understand 

data management principles, education and skillsets 

Q9 

What typical challenges can you 

foresee with transitioning from an as-

is to a PLM environment which 

incorporates your improvements (to-

be) 
Same old problem, getting the funding in place to get from A to B.  

Q10 
Can you prioritise the challenges in 

terms of business impact  Funding 

Q11 
Can you prioritise the challenges in 

terms of effort required  Funding 

Q12 
How could you overcome difficulties 

associated with these challenges 

Understanding how much BAE approach can be incorporated, learn from the industry 

that does it better, you guys in BAE are ahead of us. 

²Ŝ ƻŦǘŜƴ ŘƻƴΩǘ ƭŜǾŜǊŀƎŜ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ¢ƻƻƭ ǾŜƴŘƻǊΣ t¢/ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ 

²ƛƴŘŎƘƛƭƭ ǘƻ Řƻ ǎƻƳŜǘƘƛƴƎ ŀƴŘ ǿŜ ŘƻƴΩǘ ǊŜŀŎƘ ōŀŎƪ ǘƻ ǘƘŜ ǾŜƴŘƻǊΣ ǿŜ ǘǊȅ ǘƻ Řƻ ǘƘƛƴƎǎ 

ǿƛǘƘ ǘƘŜ ǘƻƻƭ ǿƘƛŎƘ ƛǘ ǿŀǎƴΩǘ ŘŜǎƛƎƴŜŘ ǘƻ ŘƻΦ L ŀƳ ŀ ōƛƎ ŀŘǾƻŎŀǘŜ ƻŦ working with the 

vender, this gets back to funding again 

Q13 

Would a framework assist with the 

transition from as-is to the to-be, if so 

how? 

Absolutely, what I think you are suggesting is that the output of all your research will 

be briefed back to us for us to reap the benefits on CSC. Our senior folks would love 

to get that briefing and it would help with the education I am trying to battle 

Q14 
What other ETO industries would 

benefits from a framework? 

We do work for the air force and I know as an example the F35 programme is heavily 

engaged in Windchill. 

!ƴȅǿƘŜǊŜ ǿŜΩǊŜ ōŜŜƴ ŎƻƴǘǊŀŎǘŜŘ ǘƻ ŘŜƭƛǾŜǊ ŀ ǇǊƻŘǳŎǘ 
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Appendix C Interview Analysis ï NVivo export 

 

Themes and codes No of 

Sources 

No of 

References 

A - Additional key challenges 0 0 

BoM, Configuration, Change and Maturity Management 0 0 

BoM and Maturity management 4 4 

Config mgmt. 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 

System 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 information to supplier systems - key difference in 

large volume suppliers who can be dependent on one supplier, we disqualify if 

so 

2 2 

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 long lifecycle 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 and codes No of 

Sources 

No of 

References 

Product specific customised elements 1 2 

No prototype 0 0 

Design and manufacturing overlap 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 objectives for PLM 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 maturity - control, consistency and history 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 to 

reduce duplication and increase quality 

7 9 

Single point of truth 3 3 

Through life capture, integration  and management of all evolving product 

information from all stakeholders 

2 3 

Change, BoM, config and maturity - control, consistency and history 11 13 

Consistent and controlled BoM 1 1 

Design integration 1 1 

Managing supplier data 1 1 
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Themes and codes No of 

Sources 

No of 

References 

Through life - whole life into support 4 4 

Up-to date, traceable, relevant and configured information that can be accessed 14 14 

Design integration 1 1 

People 0 0 

Demonstrating to the customer that the product meets requirements 4 4 

customer requirements -Linking delivered product to requirements 3 3 

Taxpayer - demonstrating value for money 1 1 

Enable improved decision making 3 3 

Enabling collaboration across  multiple-sites 1 1 

Management 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 

Risk reduction 3 3 

Enable product development & build collaboration across all stakeholders 3 4 

Integrate engineering with digital planning 2 3 

Safety, test and commissioning influencing design 2 2 

Enable quality through right first time and reduction in rework 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 and environmental 

considerations 

1 1 

Safety, test and commissioning influencing design 2 2 

C - Current PLM environment (from your perspective) 0 0 
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Themes and codes No of 

Sources 

No of 

References 

Information 0 0 

Change, config, BoM, Drawing and document management 3 3 

Data rich 1 1 

Manage, decompose, structure, protect and describe components 3 3 

Managing different views for different stakeholders 3 5 

Master record Management 1 1 

Maturity - understand status and plan for next phase 1 1 

Reports - understanding status of programme 1 2 

Single evolving BoM 2 4 

Standards Management 1 1 

People 0 0 

Business and political landscape - not within our control 1 1 

Process 0 0 

Design baseline to deliver to schedule and cost 1 1 

Facility management 1 1 

Improved understanding of PLM from earlier projects 1 2 

In transition to improve quality and integration 1 1 

Maintenance Management 1 1 

Requirements management 1 1 

Supplier management 1 1 

Through-life, Whole life 3 3 

Transition from engineering to operations environment 1 2 

Technology 0 0 

Multiple engineering applications 1 1 

PDM backbone 2 2 

Toolsets 1 1 
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Themes and codes No of 

Sources 

No of 

References 

Unintegrated systems 3 3 

D - Key challenges of utilising PLM 0 0 

Information 0 0 

Integrating complex product information through-life across multiple toolsets 1 1 

Integrating information through-life across multiple toolsets 1 1 

single point of truth challenge 1 1 

through life technology and data integration 7 7 

Mgmt. of product information maturity & itôs relationship to change  & 

configuration management 

3 3 

Engineering maturity issues resulting in change 1 1 

Supply chain information 1 1 

What is Design evolution and when does it become change 1 1 

Not relevant to research 0 0 

Focus on high value items, not smaller, many off 1 1 

Information management - training information out of synch with new on 

ship systems 

1 1 

Through life challenges, e.g. issues 10 years from delivery such as 

warranty 

1 1 

Not relevant to research 0 0 

Business intelligence 1 1 

People 0 0 

Education, adoption and understanding value of PLM, and its relationship to 

quality 

8 11 

People - new ways of working 2 2 

People - ownership 1 1 

People - stakeholder engagement 1 1 

People - understanding why its required 5 5 

Whatôs in it for me! - What are the benefits to engineers entering and 

maintaining  the PLM data 

1 1 
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Themes and codes No of 

Sources 

No of 

References 

Lack of PLM expertise 0 0 

Central team to help with ownership, implementation, requirements 

capture, process creation and management 

1 1 

Obligations and through-life implications of peoples actions or non-actions 1 1 

Understanding maturity management and their obligations 1 1 

Understanding processes, toolsets and through-life product information 

integration 

1 1 

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 complex 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 implement improvements on live programme 1 2 

Standardising  processes due to 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 long-lifecycle products 0 0 

Integrating and changing technology from legacy programmes, 

project data into new environment 

2 2 

legacy systems integration impacting ability to innovate 1 2 

Symbiotic technology management, and integration on long-lifecycle 

products 

6 7 

Long programme - dealing with changing environments 1 1 

Symbiotic and integrated toolsets challenges - Integrating toolsets 

means they have to be upgraded together 

1 2 
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Themes and codes No of 

Sources 

No of 

References 

Technology robustness & longevity to support long-life product design & build 

( L) 

3 4 

Toolset performance  with massive datasets 1 1 

Toolset complexity and simplicity balance to meet business objective 2 2 

Configuration management technology - variants 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, policy development, 

standardisation, LFE  & adherence across business 

0 0 

Common metadata with support 1 1 

Information integration within engineering systems 2 5 

Integration through 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 ETO 

product classes & variants 

1 1 

Understanding of data to support change management 1 1 

Variant management - both within single and multiple ships 1 1 

Develop Data quality and governance policy, team and adherence approach 4 4 

Develop policy to capture what information is required by the business and how 

it will be used 

2 2 

communicating information so its relevant and meaningful as to 

programme status 

1 2 

Understanding of information integration impact - for making 

engineering decisions 

1 1 

Use of data for understanding programme maturity,  risk, cost and 

schedule status to make management and engineering decisions 

2 2 

People 0 0 

Comprehensive business change initiative on PLM 0 0 
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Themes and codes No of 

Sources 

No of 

References 

People - business change 3 3 

People - Understand benefits 5 7 

Cross functional PLM education programme embedded within the core business 

training programmes emphasising core values and objectives 

2 2 

Enable improved decision making 1 1 

Ensure you drive through what you planned with PLM -Don't stop when it 

becomes difficult 

1 1 

People - skills, comms and training 6 9 

Provide evidence of benefits to senior management to enable support and 

maintain sponsorship 

2 3 

Quantify benefits 1 1 

Senior business owners, sponsor 1 1 

Process 0 0 

Central Team with SQEP for PLM business process ownership, development, 

standardisation, LFE  & adherence across business 

0 0 

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 simple 

and usable 

6 9 

Technology 0 0 

Drive integration of information through toolset rationalisation 6 7 

Technology and interfaces 1 1 

Focus on  toolset development on business  objectives, priorities  and ease of 

use to reduce complexity of processes 

2 3 

user friendly 1 1 

Identify and implement configurable PLM toolset with minimal customisation 1 1 

Don't customise 2 2 

Drives customisation 1 1 

Flexible configurable technology 1 1 
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Themes and codes No of 

Sources 

No of 

References 

IT architecture improvements to support new ways of working and ensure 

toolset performance 

2 2 

F - Better enable implementation of PLM improvements 0 0 

Information 0 0 

Develop Configuration and Change Management approach across single product 

classes and variants 

2 2 

Improved information from systems as to impact of engineering changes 1 1 

Develop policy to capture what information is required by the business and how 

it will be used 

0 0 

Closer integration with Central Eng. team and Project management to 

help turn data into project information 

1 1 

People 0 0 

Central  team with SQEP to develop PLM objectives,  education and support to 

business 

3 4 

Business level central team to drive business objectives to team 2 2 

Centralised team to help cost and benefit- Implement investment from 

previous programme 

3 4 

Comprehensive business change initiative on PLM 0 0 

Dedicated business change manager 1 1 

Training  - communicate whatôs in it for them 1 1 

Training - business change management - why they need to change 

something they've been doing for years 

1 1 

Training - success stores from other organisations 1 1 

Cross functional PLM education programme embedded within the core business 

training programmes emphasising core values and objectives 

0 0 

Training - Better understanding of how information is structured 2 2 

Training - better use of training 1 1 

Training - Dedicated training on PLM and why itôs critical 1 1 

Training - educating the consequences of the information 1 1 

Training - link PLM training to other functions whole life PM, Supply 

Chain, T&C, Planning, Ops 

4 5 
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Themes and codes No of 

Sources 

No of 

References 

Training - why architecture was designed this way 1 1 

Not relevant to research 0 0 

Validation and verification - use of system engineering principles 1 1 

Process 0 0 

Central Team with SQEP for PLM business process ownership, development, 

standardisation, LFE  & adherence across business 

0 0 

Central team to help with ownership, implementation, requirements 

capture, process creation and management 

3 3 

Process and technology ready and mature for programme - not 

implement on live programme 

1 1 

Software vendors - improved approach, not just sell licenses 1 1 

Mandate utilisation of PLM processes internally and to partners and supply 

chain 

1 1 

Contractual, both internal and external, agreement that integrated 

approach will be taken 

1 1 

Drive supply chain experience into business - don't dictate to them 1 1 

Supply chain - improved integration 2 2 

Supply chain certainty of work 1 1 

Technology 0 0 

Focus on  toolset development on business  objectives, priorities  and ease of 

use to reduce complexity of processes 

0 0 

Analyse system use and act 1 2 

Keep tools and process simple 2 2 

Scaling 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 required to 

support the business 

3 3 

IT, robust and flexible, Agile scrum 2 2 
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Themes and codes No of 

Sources 

No of 

References 

IT architecture improvements to support new ways of working and ensure 

toolset performance 

3 7 

Testing 1 1 

G - Challenges with implementing PLM improvements 0 0 

Information 0 0 

Mgmt. of product information maturity & itôs relationship to change  & 

configuration management 

1 1 

Not relevant to research 0 0 

Supply chain integration cost benefit 1 1 

People 0 0 

Cost and benefit buy-in to allow investment an ongoing management support 6 7 

Cost - resources for smaller groups, partners or suppliers to use 

integration approach 

1 1 

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 for different stakeholders who have different 

needs 

1 1 

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 toolset focussed, rather they get the 

right support 

1 1 

People - they want it simple, easy to understand, difficult with complex  

requirements 

2 2 

People - understanding technology 2 2 

Lack of PLM expertise 0 0 

People - lack of right PLM expertise 3 3 

Obligations and through-life implications of their actions or non-actions 0 0 

People - Do they understand whatôs required 3 3 
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Themes and codes No of 

Sources 

No of 

References 

Understanding processes, toolsets and through-life product information 

integration 

1 1 

People - they understand their areas, not others 2 2 

Process 0 0 

Creating processes which meet business objectives but are not overly complex 0 0 

Ensure all organisations adhere to PLM approach 1 1 

Development and adherence to PLM processes 1 1 

Technology 0 0 

Creating a system of systems through toolset integration and rationalisation 1 1 

Technology robustness & longevity to support long-life product design & build 0 0 

Mature technology 2 2 

Software vendors - don' understand complex ETO environments 1 1 

Rapid development to meet urgent emergent needs 1 1 

Managing changes to PLM environment due to changing business 

needs 

1 1 

H- Overcome difficulties with PLM implementation challenges 0 0 

Information 0 0 

People 0 0 

Central  team with SQEP to develop PLM objectives,  education and support to 

business 

1 1 

Central team to help with facilitation 1 1 

People confidence with systems and approach 2 2 

Comprehensive business change initiative on PLM 0 0 

Business change management 2 2 

Drive PLM improvements into Operations environment 1 1 

People - ownership of information 1 1 

People - sell benefits 3 3 
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Themes and codes No of 

Sources 

No of 

References 

Cross functional PLM education programme embedded within the core business 

training programmes emphasising core values and objectives 

1 1 

Cost and resource, top down, to support to help everyone use an 

integrated approach 

1 1 

People -  culture of sharing 1 1 

People - right skillsets 1 2 

People - train how their actions impact other functions 2 2 

Provide evidence of benefits to senior management to enable support and 

maintain sponsorship 

3 3 

Senior Management ownership 1 1 

Sustainable benchmarking across related industries and vendors for 

business improvement and confidence 

2 2 

Process 0 0 

Technology 0 0 

Identify and implement configurable PLM toolset with minimal customisation 1 1 

I - How would a PLM implementation framework help 0 0 

General positive comments 4 4 

Information 0 0 

People 0 0 

Help to communicate to senior management what PLM means and its benefits, 

to release funding 

2 2 

Help with communicating roadmap - how to go from as-is to a to-be - sets goals 

and targets 

6 6 

Help with communicating why we are using PLM 1 1 

Help with learning 7 7 

Help with showing relationships between functions and stakeholders 1 1 

Pictorial - not data heavy or will not be used 1 1 

Schedule integration - educate relationships 1 1 

Process 0 0 
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Themes and codes No of 

Sources 

No of 

References 

Align with Engineering Framework 1 1 

Assist with early project planning 1 1 

Flexible and scalable, a guide as opposed to mandatory 4 4 

Help to link across functions 2 2 

Help with multiple programmes including export 2 2 

improve supply chain integration 1 1 

Improved link to maturity management 1 1 

Improved link to quality management 0 0 

Improved realisation of business objectives 1 1 

Operating model and framework the same - evolve to suit 1 1 

Replace current models which don't meet ETO needs, e.g. IBM generic PLM 

model 

1 1 

Scalable 2 2 

Technology 0 0 

Help to implement new technology with an integrated stakeholder community 1 1 

J - Other industries which could use framework 0 0 

Big Ports developments 1 1 

Big science - e.g. CERN 2 2 

Bridges 1 1 

Chemical and pharma 2 2 

Civil Engineering 1 1 

ETO software 1 1 

Formula 1 2 2 

Hospitals 1 1 

MoD projects 3 3 

Nuclear 5 5 
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Themes and codes No of 

Sources 

No of 

References 

Oil and gas 4 4 

One off aerospace - prototype 2 2 

Power stations 3 3 

Rail 7 7 

Space 2 2 
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Appendix D The draft framework  
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Appendix E  Poster used for evaluation 

 




































































































