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ABSTRACT 

The New Product Development (NPD) process in manufacturing industry, together with 

the appUcation of muUi functional teams in the process, has been well studied in the 

extant literature. Tools, and techniques used to assist project teams in NPD have also 

been investigated in detail. However, many of the claims of the effectiveness of 'tools' 

such as Rapid Prototyping (RP) and techniques such as Failure Mode and Effects 

Analysis (FMEA) are anecdotal in nature, lacking empirical evidence, or promoted by 

authors with a commercial interest in the subject. 

Therefore, as part of the objectives of this research to provide more empirical data, case 

studies were conducted over a period of 12 years in companies such as Flymo, Kenwood, 

and Domnick Hunter. Key Performance Indicators (KPIs) were selected for the case 

studies to provide a rich source of quantitative and qualitative data from which some of 

the root causes of NPD problems were identified. A common NPD problem identified 

was project delays, following late changes to the specification and the product 

engineering. It was clear however, that not all of the changes had a negative impact on a 

project, indeed some teamwork studies encourage changes to improve the product value 

and quality. A 'penalty weighting' model to quantify the 'impact' of changes with respect 

to any benefits was developed to idenfify the most cost effective period for teamwork 

studies and provide an efficiency profile for each project. 

A strategic business approach for Rapid Prototyping activities was also presented together 

with a 'sub-group' methodology to encourage innovation and reduce 'front end' delays. 

Appropriate project management control documentation was developed for the NPD 

teams to support the control of various KPIs including product deliverables, product costs, 

capital spends and launch timing. 
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C H A P T E R ONE 

MULTI-FUNCTIONAL NEW PRODUCT D E V E L O P M E N T 

1.1 INTRODUCTION 

The global objective of this research was to study the New Product Development (NPD) 

process in manufacturing industry, test-out the claims in the extant literature by 

conducting case studies, and propose improvements. 

The research concentrated on NPD projects employing multifunctional teams, which, 

were cited in the literature as fundamental to the requirements of 'successful delivery'. 

How to measure 'successful delivery' was also explored and a derived model for 

measuring NPD performance was presented using selected Key Performance Indicators 

(KPI). 

1.2 T H E P R O B L E M A R E A 

Most companies involved in the development of new products are interested in finding 

ways of reducing development lead-times for taking potential products from conceptual 

ideas, to manufacture. The subject of 'lead time' has received close attention in the 

literature, with books such as 'Developing Products in Half the Time' by Smith et al 

(1991), with improved NPD methodologies such as Stage Gate TM offered by Cooper 



(1993), and similar thematic publications from many other authors. However, most 

companies involved in developing new products, experience problems from time to time 

in the development process. Development problems may delay an activity or the planned 

launch date. A delay may originate from; poor project planning, problems with 

engineering, changes to the specification requirement of the new product, or inventions 

during the development process that may create opportunities for performance or cost 

improvements. The cost of delays in the NPD process may include lost revenue due to 

late launch and de-selection by a customer, or the extra cost of human resources for an 

overrun project. It is for these reasons that delays are regarded as a key problem in the 

NPD process, even i f there are valid reasons to allow a delay to occur. Very often a 

company may not be able to make a calculated decision whether to accept a delay or 

continue the project as planned. Moreover, many companies are not able to assess the 

impact of a delay with respect to the other KPIs in a project. A l l of the above problems 

have been investigated in the research. 

1.3 THESIS S T R U C T U R E 

The research approach is depicted in Fig. 01. The thesis consists of a comprehensive 

review of the extant literature including; the common objectives of the NPD process, with 

respect to the type of product under development, how it is measured and typical problem 

areas encountered. The mobilisation of multi-fiinctional teams in the NPD process will 

be reviewed in detail, together with examples of structural organisation and individual 

roles of people representing each function. 



Case studies formed a key part of this research to identify the root causes of failures in 

the NPD process, test out claims in the literature and provide the much-needed empirical 

data identified in the review. 

The author, due to the nature of his job, was able to conduct a number of case studies on 

consumer and industrial products over a period of twelve years, to provide a rich source 

of quantitative as well as qualitative data for analysis. This method of data gathering has 

been described as 'action research' (or action science Gummesson 1991) since it is not 

always possible to negate the influence of the author in the outcome of the studies. 

Qualitative discussions are included in each case study to qualify findings and provide a 

complete 'picture' of exactly how each product was introduced and identify problem 

areas. 

One of the deliverables of the research was the derivation and presentation of a model for 

measuring NPD performance. The model may be used to quantify the impact of delays 

during the course of a project. The model provides a way of representing the 'impact' of 

a delay in terms of cost, with respect to 'where' the delay occurred in the project plan. 

The research concludes by taking the derived model for measuring the impact of delays, 

and reapplying it to further case studies to test out the effectiveness of 'tools', such as 

Rapid Prototyping, in the NPD process. The overall benefit of including Rapid 

Prototyping cycles in a project was explored with respect to the added cost and time 

needed to accommodate RP as an activity. 
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C H A P T E R TWO 

METHODS AND O B J E C T I V E S O F THIS R E S E A R C H 

2.1 R E S E A R C H O B J E C T I V E S 

This chapter describes the global objectives of the research together with a list of specific 

deliverables. The methods used to obtain the results will also be described in detail. According 

to Hasslop (1996) carrying out research involves three interrelated aspects: 

"First, one needs to think about the kind of knowledge one is attempting to produce. Second, is 

a need to look at the theoretical issues surrounding a particular area of enquiry. Third, one 

needs to consider which technique is appropriate for data collection. " 

The initial objective of this research was to review the extant literature on the New Product 

Development (NPD) process in manufacturing industry, focussing on the role of multi-functional 

teams in the process, to identify gaps and opportunities for further contribution to existing 

knowledge. After the initial review case studies were conducted to test out the claims in the 

literature with process improvements to multifunctional NPD proposed. It was believed that this 

approach would contribute to both the engineering and business management disciplines, 

therefore the research was carried out with a bias towards an industrial base. A literature review 

of the NPD process was conducted to provide an academic foundation followed by empirical data 

gathering through case studies. Case studies were used extensively to identify problem areas in 

the NPD process especially delays to launch and to investigate tools and techniques for 

improvement through 'action research'. Both qualitative and^quantitative methods were 



employed to provide a 'rich' source of data for analysis. 

2.2 T H E R E S E A R C H D E L I V E R A B L E S 

As described above, the research focused on the New Product Development (NPD) process in 

manufacturing industry and the role of multi-functional teams in the process. A specific 

deliverable was to investigate the 'cause and effect' of delays in the NPD process, which was 

identified in the review as a key problem area causing late launches of projects. This involved 

the derivation of a model to evaluate the impact of delays in various activities during a project, 

and their effect on the final product launch date and project objectives. The derived model was 

also used to identify the most efficient stages for multi-functional team activities to take place, 

such as Failure Mode and Effects Analysis. 

The literature review looked at a number of 'best practice models' of the NPD process by authors 

such as Cooper (1993), Smith (1991 and Wheelwright (1995), and practical implementation 

techniques used in industry including British Standard guidelines. It was intended that this work 

would build upon previous research and doctoral studies firom authors such as Lettice (1995), 

who argued that: 

"multifunctional teams provide the main 'vehicle' for improved product development 

performance, by integrating upstream and downstream functions early in the product 

development process. " 

In recommendations for further work, Lettice suggested that: 

"Concurrent Engineering is still very much an emerging discipline. There is a large amount of 

anecdotal evidence to support arid justify the use of Concurrent Engineering, but very little 



empirical data to match the use of Concurrent Engineering to improve performance. " 

In a similar theme, Poolton (1994) argued that: 'It is implicit for managers to measure and 

improve their New Product Development process, however attempts to empirically measure and 

monitor NPD improvements, are limited'. 

A deliverable of this research was therefore to provide more empirical data from case studies, 

of NPD projects employing multifiinctional teams. The subject of multifunctional teams in the 

NPD process has been well covered in the extant literature however performance improvement 

techniques have been investigated in this research together with appropriate Key Performance 

Indicators (KPI) for fiirther research. By way of example, the claimed benefits of using Rapid 

Prototyping in the NPD process are measured and evaluated together with suggestions how the 

effectiveness of RP can be optimised in a multifunctional environment. 

In evaluating 'best practice models' Maffm (1996) argued that many models deal with 'generally 

applicable principles' but in many respects do not deal with how they should be implemented, 

claiming that: 

"Methodologies based upon empirical studies are of particular interest being holistic in nature 

and applicable to 'real life' applications. " 

Maffin (1996) also discussed the need to 'develop a framework that provides a way of analysing 

and understanding the engineering and product development processes within the context of a 

commercial manufacturing organisation and to apply whatever elements of best practice where 

appropriate.' It was concluded in Maffm's research that: 'Some areas of best practice methods 

were found to be inappropriate in circumstances involving small companies and failure to 

recognise this could lead to some companies attempting to apply models-that were inappropriate'. 



In a similar theme Evbuomwan (1994), concluded that: 

"In a modern product development environment, there is a need to integrate downstream 

manufacturing and use considerations into the early stages of design to - Design it Right First 

Time" 

In opportunities for further work, Evbuoman discussed the need for a 'vehicle or methodology' 

to integrate the needs of the NPD project objectives with the methods to be used in its 

manufacture. Therefore, within the scope of this research, it was intended to build upon existing 

NPD methodologies that may be easily adapted to a number of product and organisational 

contextual requirements. 

In reviewing techniques to shorten New Product Development Project Plans Matin (1994) foimd 

that: 

"Successful Concurrent Engineering New Product Development projects share certain common 

traits, prominent among these being: 

1. An intense, bi-directional, frequent exchange of information between various activities and 

business functions. 

2. Emphasis on doing things right first time which was reflected on the project plan by the fact 

that the projects were heavily front loaded, with more time spent on getting the output of 

earlier activities right so as to reduce the duration of downstream activities. 

3. Structured methods being used for formulating customer requirement. 

4. Overlapping activities in the project plan. " 



The author's comments on Matin's findings are as follows together with identified actions for 

the research: -

1. It was not exactly clear from Matin's research, how an 'intense, bi-directional, frequent 

exchange of information' can be organised between the 'business functions' and exactly 

what information should be exchanged. It is accepted that there must be an information 

interchange system within the NPD team, so an attempt was made in this research to define 

what should be included in the information interchange and how it could be efficientiy 

exchanged. 

2. There is a great deal of emphasis placed in the literature about 'time to market' and reducing 

NPD 'lead-times'. Matin (1994) also emphasised the need to 'shorten New Product 

Development Project Plans'. However, i f more time were spent in 'front loading' a project, 

the question must be asked 'how much time' can be afforded and what would be the impact 

of 'front loading' the project. There is clearly a need to quantify the impact of adding 

development time and activities to 'front end' stages of a project instead of making 

corrections at a later stage. By way of example, a key research question investigates i f it 

would it be more efficient to include more prototyping cycles in an NPD project, before the 

manufacture of the 'production tools', or to accommodate any changes and corrections 

following inspection of the 'off-tool' parts? In order to address this research question, a 

derived model to quantify the 'impact' of delays with respect to where they occur in a project 

was included in the research deliverables. 

3. Methods were also investigated in this research to help NPD teams to clarify the NPD 

project deliverables and how to verify the needs of the customer, in a timely way. 

4. 'Overlapping activities' are fundamental to the philosophy of the multifunctional NPD 

process, referred to as ^Simultaneous Engineering' or ' Concurrent Engineering' (Hartley et 



al 1991), however there is clearly a limit as to how much 'overlap' activities in an NPD 

project can be accommodated. This research shows examples of Gantt chart NPD 

introduction plans from the case studies including a baseline template for projects introduced 

by a number of consumer durable manufacturers. The templates, designed by the 

multifunctional teams involved in NPD projects, show practical examples of 'concurrency' 

and positioning of the various activities. 

Following the above discussion, the key actions and deliverables of this research are summarised 

below: -

1. Review the extant literature and practical examples of the New Product Development 

Process in manufacturing industry. 

2. Review Teamwork concepts in NPD. 

3. Identify appropriate NPD Key Performance Indicators and conduct case studies. 

4. Derive a model to quantify the effectiveness of teamwork activities in NPD from case 

studies. 

5. Investigate, and test out, techniques for improving the effectiveness of teamwork 

activities in NPD. 

6. Draw conclusions and identify opportunities for further research. 

2.3 T H E S T R A T E G I C U S E O F RAPID PROTOTYPING IN T H E NPD PROCESS 

In investigating techniques for improving the multifunctional NPD process, the claimed benefits 

of including Rapid Prototyping (RP) cycles were tested in the case studies. The technological 
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development of RP falls outside of the scope of this study, however the strategic use of RP is 

investigated as a management tool together with measured engineering benefits. 

Clark et al (1993) claimed that 'traditional managers have treated prototyping only as a technical 

tool for use by engineers'. He argued that: 'senior managers, functional heads, and project 

leaders do not fully utilise the power ofprototyping thereby handicapping their efforts to achieve 

rapid and effective product development results'. Clark et al (1993) also describes a role of 

'prototyping cycles' as a 'management tool' to represent the development status of the new 

product. 

From the review of previous work. Design it Right First Time is often referred to as an objective 

in an NPD project however, is not entirely clear what is meant by ''Design it Right First Time'. 

Product design has been described by Clark et al (1993) as an iterative process involving a 

number of 'develop-prototype-test cycles', and the decision as to whether a design is right or 

wrong can only be taken given clearly defined pass/fail criteria. The literature review has also 

shown that the pass/fail criteria are not always clearly defined at the begiiming of a project, 

therefore making it difficult to finalise the product design specification. The review also 

suggests that the accountability for achieving the pass criteria lie not only in the hands of 'design 

team', but the whole team including functions such as: 

1. Production Engineering 

2. Marketing 

3. Quality 
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4. Materials Management 

5. Design Engineering 

6. The Customer 

It was accepted that in order to minimise the time taken to introduce a new product, the number 

of design iterations should be minimised, and any design changes involving the modification of 

the production tooling should be avoided due to cost and time penalties. Given the iterative 

nature of product design, 'design right first-time' may not always be an achievable target. In 

some NPD projects, for example the Flymo Garden Vac case study, even the customer was 

unclear what was required until presented with a conceptual model, which had in itself gone 

through a number of design iterations. From the above discussion a view was taken that design 

right first-time could not be a practical objective of an NPD project. Therefore this research will 

explore how the strategic use of Rapid Prototyping in a multifunctional environment could ensure 

that the product is 'Delivered right first-time'. 

Clark et al (1993) discussed the use of prototyping cycles in three major appliance manufacturers 

and suggested that: 'each company benefited from the use of prototyping cycles to enable them 

to deliver products on time. There were, however, clear differences in the methodologies used 

which influenced the total time period taken'. 

Rapid Prototyping (RP) cycles in the NPD process were explored in this research, both as a 

technical tool, and as a ' sfrategic management' tool within a multifunctional team. RP in recent 

years (since 1990) has provided a number of distinct advantages over traditional prototyping 

methods according to Kidd (1996), including: 
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1. Faster production of complex geometry prototype components. 

2. The potential for improved precision of complex geometry prototypes compared to 

tiaditional prototyping methods. 

The above view was largely supported in the literature however there were also a number of 

potentially negative points to consider when including Rapid Prototyping in the NPD process: 

1. Rapid Prototyping is still an expensive process; therefore the cost must be justified. 

2. The RP materials may not always replicate the mechanical properties of the production 

material. 

3. Rapid Prototyping activities may be required in addition to fraditional prototyping 

methods thus potentially adding time to a project. 

Much of the available literature describing the benefits of using Rapid Prototyping in product 

development is anecdotal in nature and is usually produced by practitioners with a commercial 

interest in the technology. Although a great deal has been written about the technology itself, 

which is not a key consideration in this work, very little evidence has been presented about the 

ability of Rapid Prototyping to 'add value' to a new product development prograname. 

A key consideration of this research was to identify a process to enable an NPD team to 

efficiently agree the product design objectives and deliverables, minimise the number of design 

iterations and provide a vehicle to verify the objectives and deliverables before the commitment 

of production tooling. 
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2.4 R E S E A R C H M E T H O D O L O G I E S 

In order to address the key action points discussed above, it was important to choose an 

appropriate research methodology to obtain the most accurate and meaningful results from the 

case studies. The case study results were used as a basis from which potential improvements to 

the NPD process were identified together with opportunities for further research. Research 

methodologies according to Gummersson (1991) may involve the following methods, all of 

which wil l be used in this research: 

1. Quantitative Methods (Scientific Methods) 

Evaluation and measurements based on quantity as opposed to quality - Oxford 

Dictionary. 

2. Qualitative Methods 

Evaluation and measurements based on quality as opposed to quantity - Oxford 

Dictionary. 

3. Action Research 

A process of doing or acting - Oxford Dictionary. 

In order to complement previous work on the NPD process, this research was carried out fi-om 

an industrial base rather than an academic base. However, a further literature review was 

conducted in order to understand the attributes of the above research methods used by other 

researchers. 
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Qualitative methods are described by Van Maanen (1983) as: 

"An array of interpretative techniques which seek to describe or otherwise come to terms with 

the meaning, not the frequency, of certain more or less naturally occurring phenomena in the 

social world." 

In a similar study Pugh (1994) made the following observations about research techniques: 

"There is no such thing as an unbiased observation- irrespective whether the methods are 

qualitative or quantitative ". All scientific work of an experimental or exploratory nature starts 

with some expectation of the outcome. The expectation, known as a hypothesis, may be modified 

or discarded according to the outcome of the experiment. Hypotheses are imaginative and 

inspirational in character. Quantitative research involves the extraction of numerical data from 

an experiment for evaluation of the hypothesis. This method is favoured by the engineering and 

scientific research community." 

Maffin (1996) described the Scientific method as: "A systematic approach to investigations, 

which is founded on three central characteristics: reductionism, repeatability and refutation. 

The complexity of a phenomenon being investigated may be reduced in experiments whose 

results are validated by their repeatability, enabling hypotheses relating to a theory, or view, to 

be established or refuted. Typically for Engineers and scientists such experiments may take 

place in a laboratory or involve the construction of some quantitative model. " 

Qualitative methods are described by Gummersson (1991) as a 'powerful tool' for researchers 

in the business and administrative domain. Gummersson stated that: 

"Although both quantitative and qualitative methods are used for data collection in case studies, 

the latter will predominate in the study ofprocesses where data collection, analysis, and action 

often take place concurrently. " 
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Qualitative data, according to Miles et al (1994) is: 

"Usually presented in the form of words rather than numbers. Experimental results are 

narrative in nature based upon the observations of an individual and his/her interpretation of 

the outcome of an experiment. Qualitative data therefore provides rich descriptions and 

explanations of a process. " 

In discussing a limitation with qualitative research, Soderquist (1997) argued that: 

"The analysis methods are less explicit than quantitative studies. The resulting problem is that 

formalised statistical methods can rarely be used. This is not necessarily because of the nature 

of the data, but because there is a limited number of observations which do not allow statistical 

generalisation." 

Driva (1997) claimed that Management research is 'quite different' from experimentally based 

science projects, which are focused around a series of laboratory tests. This is because, he argues 

that: 'true experiments cannot be used because it is almost impossible for a management 

researcher not to affect a subjects response in some way.' 

This research employed both quantitative and qualitative methods to provide a complete accoiint 

of all the case studies investigated. The approach involved the inclusion of a narrative 

description of the project, the significance of the new product to the company, how the team was 

organised and the issues encountered by the team. Most of the case studies in this research also 

involved the management influence of the author and were therefore inevitably influenced by the 

author, this type of research has been described as Action Science (Gummerson 1991). 
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Action Research, or 'Action Science', is research carried out with the 'active participation of the 

researcher', who will 'actively' intervene, with the outcome of an investigation. Action Science 

similar to other scientific methods involves stages of data gathering, which could involve case 

studies the formulation of hypothesis and a period of 'testing out' to prove a theory. However, 

the researcher not unlike a management consultant or 'change agent', will influence the end result 

of the study. The data collection process in action research can be both qualitative and 

quantitative in nature but is likely to be largely qualitative. 

Whilst researching a framework proposal for the establishment of Concurrent Engineering in 

'firms' Poolton (1994), decided to adopt a combination of both quantitative and qualitative 

research methods, suggesting that this approach might be considered suitable to study 

'organisational behaviour'. Poolton's decision was based on a view that quantitative methods are 

the most popular techniques used in management research. Poolton (1994) points out that: 

"If behaviour is 'seen to be socially constructed, idiosyncratic and largely holistic', then a more 

'rich' and descriptive analysis is often called for. Therefore, 'qualitative' analysis, usually 

expressed in the form of words rather than numbers, can be a good source of information. " 

Poolton (1994) also acknowledged a problem with research using qualitative methods in the 

'complex and time consuming nature of data gathering which can take many months or years'. 
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2.5 CASE STUDIES AND DATA G A T H E R I N G METHODS 

In describing research methods Lettice (1995) claimed that: 

"Multiple methods of data gathering tends to reduce the chances of errors. Moreover, multiple 

methods and sources can be used to address different but complimentary questions within a 

study; initial exploratory work is done using one method and subsequent exploratory work 

employs another. Also, multiple methods and sources can be used in complementary fashion to 

enhance interpretability. That is, one method or source is used to enhance the findings of 

another and therefore improves the quality of data, the accuracy and credibility of the findings. " 

As discijssed previously it was decided that this research would attempt to compliment the extant 

literature review with empirical quantitative and qualitative data gathered from case studies. The 

quantitative data from a case study provides the raw data which when analysed with qualitative 

data wil l provide a complete 'picture' how the NPD project was conducted. Therefore the 

research consisted of the following data gathering methods: 

1. Literature Review 

The literature review in New Product Development is vast, involving a number of disciplines 

including social sciences, new technology, project management techniques and human 

performance and limitations, all of which were reported, in the review, to influence the outcome 

of a new product development programme. It was therefore necessary to reduce the scope of the 

research to a manageable size and define a focus. 
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2. Quantitative Data Gathering from Case Studies 

A number of actual New Product Introduction projects were monitored by the author from 

conceptual stages through to manufacture. The projects were developed using a number of 

methodologies, technologies and cultural mixes of people and organisations. This work was 

carried out during work employment by the author within the collaborating manufacturing 

organisations. A significant amount of quantitative data was extracted from the case studies and 

used to derive a measurement model for the evaluation of further case studies 

3. Qualitative Data Gatliering from Case Studies. 

A view was taken that the collection of quantitative data alone would not provide a complete 

'picture' of how efficiently a project was infroduced. It was decided to include qualitative 

information about each case study to enable meaningful conclusions to be drawn. Therefore the 

analysis of the Case Studies involved both quantitative and qualitative methods, since a 

considerable amount of numerical (physical quantities) data was produced, together with the need 

to qualitatively analyse the performance of people and processes in the studies. The three data 

gathering methods are depicted in Fig. 2. 
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Fig. 2 Three research data gathering methods for NPD performance 

2.6 SCOPE O F T H E R E S E A R C H 

With regard to research methodologies using scientific methods, Checkland (1981) argued that 

it is necessary to reduce the complexity and influences of many systems during an investigation 

in order to conduct meaningftil controlled experiments. This is especially true, he argues, when 

studying management and social sciences which 'tend to be linked to the real world with many 

variables and i l l defined structures'. 

A number of factors have been identified, from the review of previous work that may influence 

to outcome of an NPD project. It was decided to review some of these before defining the scope 

of the research. Factors that may influence a project include: 
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1. THE SOCIAL AND CULTURAL ORGANISATION of a company. 

This factor refers to the way people are organised, structured or departmentalised in an 

organisation and to the way they are managed. Vertical hierarchical structures emphasising a 

chain of command with the management acting as the supreme co-ordinating authority are typical 

of 'traditional' organisations. This approach has largely been superseded by the deployment of 

cross-functional teamwork. A great deal of previous work has been carried out in this area 

suggesting that the organisation of 'people' in a company has a considerable influence on the 

ability of that company to deliver successful new products to market. 

2. NEW TECHNOLOGIES available to the company. 

There are a number of technological developments that have influenced the NPD process such 

as: 

a) Rapid Prototyping 

b) Rapid Tooling 

c) Digitising (Reverse Engineering) 

d) CAD 

3. EFFECTIVE PROJECT MANAGEMENT. 

The review of previous work showed that effective project management is an essential part of 

the NPD process and that a project wil l benefit from a strategic approach with detailed project 

planning. This wi l l include the application of control documentation or other communications 

media to clarify the project deliverables, objectives and timing. 
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4. HUMAN PERFORMANCE AND CAPABILITIES. 

It is recognised that the New Product Development process will also be influenced by the skill 

levels of people and individual abilities and capabilities to carry out the tasks involved. 

5. RESOURCE availability, both human and financial. 

Time is usually a resource in short supply in the development of new products. In some cases 

more people allocated to a project will allow the project to be completed faster or, i f the financial 

resource is available this may allow some part of the project to be sub-contracted. 

It was necessary to understand the influences in the NPDS process, together with their 

interrelated factors. However, as discussed above, it was necessary to reduce the scope of the 

research to manageable size. Fig. 3 shows some of the major influences in a New Product 

Development project (excluding external influences) with the focus of the research highlighted 

in red. 
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Fig 3 Scope of this Research highlighted in red with other influential factors. 

2.7 CONCLUSIONS FROM THIS C H A P T E R 

Whilst it was important to understand all of the factors that may influence the outcome of a NPD 

project it was clear from the above discussion that it would be necessary to focus on specific 

problem areas and limit the scope of the research. It was also clear from the above discussion 

that, in order to find ways of improving the NPD process, it was necessary to establish 

appropriate Key Performance Indicators. Case studies were viewed as a useful way of testing out 

the claims made in the extant literature and for investigating process improvements. It was also 

decided that, in order to provide a complete 'picture' of how a product was introduced, both 

quantitative and qualitative data would be extracted from the case studies. 
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C H A P T E R T H R E E 

T H E NEW PRODUCT D E V E L O P M E N T (NPD) PROCESS 

3.1 O B J E C T I V E S OF T H E NPD PROCESS 

This section outlines the basic objectives of the NPD process and describes variations in the type 

of products typically developed in manufacturing industry, the NPD processes used and how they 

are measured. 

Organisations involved in the manufacture of products in a competitive market place, according 

to Cooper (1992), are unlikely to remain competitive with the same products indefinitely and 

therefore need to continually develop new and better products. The process involved in 

developing new products or replacing an existing product with various improvements is referred 

to here as the New Product Development Process. Trueman et al (1995) argued that: 

"It is not surprising to learn that companies which have a proactive and innovative approach 

towards the development of new products are likely to achieve a better performance than those 

which do not." 

In further emphasising the need for continual New Product Development, Gruenwald (1992) 

argued that: 'A business needs new products to survive, consumers accept new products faster 

and reject them faster, product life cycles are shorter, except for those products that are 

continually infused with "newness'. 
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The statement by Gruenwald (1992), identifying a separate category of products as 'continually 

infused with newness' suggests that new product development projects may consist of two 

categories: -

1. Completely new development. 

2. Improvements to existing products. 

The above categories are often usefully described as 'Strangers' and "Repeaters'. Companies 

such as Flymo and Electrolux have also used the terms 'Strangers' and 'Repeaters' in their NPD 

processes. A "Stranger' or 'Repeater' may either be viewed from the perspective of the market 

place, or the technology. Both Flymo and Electrolux have variations in their NPD processes to 

develop each type of product, requiring differing strategies for marketing and engineering. 

In a slightly different approach, Jobber (1995) classified new products into four categories: 

1. Product replacements: These account for about 45% of all new product introductions 

and include revisions and improvements to existing products, repositioning (finding a 

new market position for the product), and cost reductions (existing products being 

reformulated or redesigned to cost less to produce). An example of products in this 

category would be the latest range of "TC Hover Mowers from Flymo that offer better 

performance at reduced costs but do not provide an incremental addition to the product 

range. 

2. Additions to existing lines: these account for about 25% of new product launches, and 
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take the form of new products that add to a company's existing product lines. This 

produces greater product depth. An example of this category' would be the Flymo Garden 

Vac, which does not replace an existing product (therefore provides incremental growth) 

but employs similar airflow technologies as mowers; and is sold into the same market 

place. 

3. New product lines: these total around 20% of new product launches, and represent a 

move into a new market. An example of this type of development could be Flymo (an 

outdoor product manufacturer) moving into the development of refrigerators. 

4. New-to-the-world products: these total around 10% of new product launches, and create 

entirely new markets. Recent examples of these types of products include the mp3 digital 

recorder, multifunction mobile phones and digital cameras. Al l of these products have 

created new market opportunities because of the highly valued customer benefits they 

provide. 

As discussed above, Flymo have variations in their NPD process to develop different 'types' of 

product and according to Jones (1997) most companies involved in the development of new 

products should have NPD processes capable of introducing products in each of the above 

categories. Also, following the market launch of a new product for the first time, Jones (1997) 

described four generic groups requiring different marketing strategies: -

1. Offensive 

Characterised by significant R&D activity, which enables manufacturers to be first to 
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market with an innovative new product and thereby establishing a lead in the market 

place. These types of projects are considered 'high risk' because of the uncertainty in the 

market response and the levels of investment involved. 

The author, whilst project managing projects in this category always ensured that there 

were adequate prototyping cycles in the project plan to ensure the multifunctional team 

and the senior management were "comfortable' with the product proposal, and the 

prototype would be tested for aspects such as Safety, Performance and Reliability. 

2. Defensive 

This type of development focuses on improvements or cost reduction of existing 

products. This is considered less risky than "offensive' products because of the known 

response to such products in the market place. 

3. Imitative 

This type of product development is similar to "defensive' development in that it relies 

on the development of existing products, but without adding further innovation except 

possible cost reducing modifications. This takes minimal R&D and is a process 

described as "cloning' or copying. 

4. Traditional 

This is again product development in an established market sector, where there is little 

call for change in the product specification, apart from minor change in the aesthetic 

appearance or Industrial Design of the product, sometimes referred to as a 'face-lift'. 

The variations in the products described above not only require different marketing strategies, 

but may also change the priority of the KPIs during the development processes. However, the 

popular theme in the extant literature predominantly places 'time-to-market' as the highest 
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priority KPl, together with the benefits of introducing all new products as quickly as possible. 

According to Smith a/ (1991) there are three advantages in introducing a new product faster: 

1. Extended sales life and increased period of revenue profit. 

2. Increased market share - the earlier it appears the better are the prospects of obtaining 

and retaining a large share of the market. 

3. Higher profit margins - i f the product appears before the competition the company 

will enjoy more pricing freedom. 

Whilst the above advantages are generally accepted, it may be argued that they are more 

applicable to a Stranger rather than a Repeater, since the former may provide greater incremental 

sales opportunities. By way of illustration, the development of the Flymo Garden Vac provided 

a new product category for the outdoor market place with a monopolistic opportunity for the 

company. Therefore time-to-market was regarded as a priority KPl in the project. The product 

was launched on time, and enjoyed 12 to 18 months monopoly before the competition was able 

to introduced their products. By this time Flymo had developed a 2nd generation product (a 

Repeater) with fiirther improvements to stave off the anticipated competitive products. Pricing 

freedom initially existed with a 100% market share, and following the launch of the competitive 

products a premium pricing policy was maintained due to the addition of new features with 

patent protection iocking-out' the competition. 

The launch of the Garden Vac illustrated the benefits of launching new products (Strangers) as 

quickly as possible, with the continued improvement of such (Repeaters) to remain competitive. 

Also, the introduction of such a new concept created a 'generic' title for the new product. This 

encouraged consumers to ask for the original 'generic' product rather than a newer competitor 
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product. Examples of this are the 'Strimmer'- lawn edge trimmer developed by Black and 

Decker and the 'Hoover' - floor cleaner marketed by Hoover Ltd. 

The introduction of the Garden Vac was a great success selling >500K units in the first year. 

However, there are many examples of product development projects resulting in market failures, 

or failure to meet the needs of the customer. Bailetti et al (1995) emphasised the need to 

incorporate the needs of the customer in the development of new products stating that: 

'There is a need for a 'frame-work' to ensure that the information produced by the product 

designers, result in a product that meets the needs of the customer, to avoid failure'. 

The reasons why new products fail to be delivered 'on time' or meet their commercial objectives 

is a popular theme in the literature; Cooper (1992) cited the following sources of success or 

failure in NPD: 

1. Organisational Strategy 

Unless the corporate strategy is clearly defined, based on sound data, and is accurately 

translated into market, design and technology strategies, NPD is likely to fail. 

2. Organisational Structure, Culture and Climate 

Important factors for NPD success include a need for leaders of innovation, creative 

scientists, agents of change and multifunctional teams. Senior management support and 

commitment is also cited as a factor. 
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3. NPD Strategy 

A NPD project cannot be undertaken successfully without considerable thought being 

given to the overall strategy of the company and how this is franslated into an effective 

NPD strategy. 

Further details in Cooper's publications also refer to how the team members are organised. 

Cooper (1992) cites the key fianctions involved in successfiil NPD, together with their key roles: 

1. Marketing - early market recognition; reading, clarifying and defining the 'market need'; 

product planning; screening and product testing prior to launch. 

2. Design - correct management of: adding innovation, preparing design briefs, budgeting 

and controlling external consultants. 

3. Technology - the appropriate use of technology in terms of materials and processes is a 

key factor in successful NPD. 

4. Finance - regular financial control checks are required to monitor product costs and 

investment capital. 

5. External Factor - are also recognised as factors influencing the successfial outcome of 

NPD, including economic climate, the market conditions and environmental issues. 

In recommendations for further work Cooper highlighted the need for organisations to develop 

methodologies for diagnosing the sources of failure in the NPD process and to recognise the 

symptoms. This research has attempted to address this need. 

Jones (1997) has described the product development process as a process in a constant state of 

change, requiring the involvement of many disciplines in an organisation such as: -
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1. Engineering Design 

2. Production Engineering 

3. Marketing 

4. Finance Management 

5. Quality Control 

6. Sales and Distribution 

The above disciplines must have an involvement in the NPD process at sfrategic times in the 

process according to Cooper (1992). The Production Engineering fiinction, for example, 

responsible for methods and tools in manufacture were traditionally an activity carried out after 

the product design process typical of 'over-the-wall engineering'. In a manufacturing 

environment using teamwork, the Production Engineering activities are performed with a degree 

of concurrency with the design process. The other activities listed above also perform their 

responsibilities during specific 'Phases' in the NPD process. 

Companies such as Flymo, Kenwood, and the Rover Group have developed constantly evolving 

NPD processes that can be 'adjusted', from a generic template, to cope with a variety of product 

categories and project complexities. A generic model of the NPD process was produced by the 

British Standards Institute (BSI) showing the stages (Phases) and key activities illustrated in 

Fig.04. The B.S.I model divides the NPD process into stages similar to many consumer durable 

companies shown in Fig.05. 
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From the above discussion, the multifunctional New Product Development Process may be 

summarised as follows: -

'The NPD process is a business process used in manufacturing industry, which provides a 

baseline methodology for the development of new products. The NPD process consists of a 

timing schedule for the involvement of each functional activity and general guidelines for the 

development of products with higher added value than the competition, as quickly as possible.' 
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Stage BSI designation Outdoor Products Mfr Power Tools Mfr. Kitchen Products Mfr White Goods Mfr. 

1 MOTrVATlON DEFINITION DEFINE INNOVATION PRIMARY DEVELOPMENT 

2 CREATION DETAIL DESIGN DESIGN CREATION SPECIFICATION 

3 OPERATION TOOLING R E L E A S E IMPLEMENTATION INDUSTRIALISATION 

4 DISPOSAL REPLACEMENT REVIEW REVIEW EVALUATION 

Fig. 05 Stages of NPD processes from consumer durable manufacturers and BSI. 

MafFm (1996) reviewed various models of the NPD process and concluded that many so-called 

'best practice' techniques were found to be inappropriate for some companies. Maffm suggested 

the need for a framework comprising of factors that classify a company in terms of its 

organisation, markets, and products and select KPls for the NPD process accordingly. 

It could, however be argued that it may be more appropriate for a company to keep the same 

KPIs, but modify their order of priority. By way of example the priority for a 'Stranger' may be 

time to market whereas product cost may be more important for a 'Repeater'. 

3.2 A C T I V I T I E S IN T H E NPD PROCESS 

There is considerable variation in the detail involved in NPD processes adopted by companies 

however, Jones (1997) claimed that there is an overall framework for NPD emerging into which 

most development programmes can be mapped. Jones' 'generic' NPD process is split into three 

distinct phases: 
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1. The Inception Phase - covering the pre-development activities, which are 

undertaken before a product concept, is even visualised. 

2. The Creation Phase - which includes the core development stages associated with 

generating a product concept and taking it through to a working prototype. 

3. The Realisation Phase - which deals with taking the final design, putting it into 

manufacture and launching it onto the market. 

The above phases in this generic New Product Development programme in practice would 

contain a number of sub-tasks or activities. By way of example, Jones (1997) identified the 

phases and sub-tasks, which are shown in Fig.06. The BSI guide to managing the design process 

BS7000 part 2 (1997) also provides a baseline generic model for the NPD process Fig. 07. 

Within the guide, project managers are encouraged to: 

'Customise the model to meet the contextual requirements of the product under development and 

the business needs of the organisation'. 
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PHASE 1 INCEPTION 

MARKET RESEARCH - Maiketing research and analysis of customer requirements and availability / performance of existing products. 

IDENTIFY THE NEED - Identification of a new product opportunity and business planning. 

PROJECT BRIEF - Documented, brief description of the new product requirement outlining product features, timing and cost objectives 

IDEAS GENERATION - Innovative process of presenting possible, conceptual solutions to the Project Brief 

FEASIBILITY STUDY - Study to confirm, or otherwise, the requirements of tlie Project Brief can be achieved in a producible product. 

PROJECT PLANNING - Business and project planning including financial and human resource requirements. 

PHASE 2 CREATION 

CONCEPT CREATION - The development of a physical model, sketches and / or data representing the new product. 

DESIGN - The engineering function of specifying the product in technical terms for manufacture, including the creafion of drawings. 

DEVELOPMENT - Design iteration process to improve the performance, assembly or value of the proposed new product. 

MODELLfNG - The production of prototype model or models representing the physical attributes of the product, e.g. performance. 

TESTING - The evaluation of the prototype models to confirm suitability and fulfilment of the Project Brief 

PHASE 3 REALISATION 

PRODUCTION PREPARATION - Including the procurement of production jigs and fixtures, tooUng and production line design. 

PILOT BUILD - Initial - limited quantity, manufacturing run, usually' using 'tooled' components to identify minor adjustments. 

PRODUCT INTRODUCTION - Product introduced into a ftill-volume manufacturing process. 

DISTRIBUTION - Packaging and shipment of the new products to strategic locations for dehvery and LAUNCH to the customer. 

OPERATION - On going development of the manufacturing process including the management of materials, costs and work-in-progress. 

EVALUATION - Feedback of the response of the market or customer to the new product. 

Fig.06 Generic NPD process showing 'phases' and sub-tasks. (Jones 1997) 
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Phase of 

Project 

Process Output 

Concept Phase Inception of a new or improved product. 
Analysis of opportunities. 
Formation of individual or core team. 

Analysis of business concepts and product identification. 
Fonnulation of the project, objectives and strategies. 
Preliminary evaluation and approval of project by the corporate body. 

Perceived opportunities. 
Alliterative business and product concepts. 
Identification and selection of preferred 
business concepts and product characteristics. 
Prehminary definition and project proposal. 
Peimission to proceed. 

Feasibility Phase Planning, research and feasibility studies leading to the formulation of 
a project proposal. 
Refinement of characteristics. Development of a functional 
specification. 
Development of project configuration and work programme. 
Evaluation and sanctioning of project by corporate body and 
commitment of resources. 

Criteria of acceptability to the oi^anisation. 

Product Design Brief 

Project Plan, Resource Plan. 
Project Approval. 

Design / 

Development 

Stage 

Bringing together of a multi-disciplinary team of specialists to realise 
the project. 
Design concept development. "Rehearsing' the customer-product 
experience. 
Outline design (embodiment design or general arrangement). 

Roles and responsibilities matrix. 

Prefen'ed option. 

Product resolution. 

Implementation 

or 

realisation phase 

Detailed Design. 
Construction and testing of pre-production design. 

Specification for product. 
Confirmation of performance including 
reliabiUty and maintainability. 

Manufacturing 

Stage 

Liability Starts 

Finalisation of the completed design ready for manufacture. 
Design support for manufacture. Provisions for manufacture and 
delivery. 
Product launch, introduction, promotion and on-going elastomer 
support. 
Selling and use. 

Monitoring "in use' performance for feedback and refining the design 
as necessary. On-going product testing. 
Evaluation of the whole project and identification of areas of 
improvement in the design management process for the benefit of 
future projects. 

Product package. 

External to the organisation 
Product availability. 

Fulfilment of business objectives and 
customer requirements. 
Potential improvements, product 
enhancements, modification and retrofits. 
Identified design process improvements. 

Termination 

Phase 

Termination of the project. 
Design support for decommissioning activities. 
Formal termination of the project. 
Disposal of the product. 

Hand-over of responsibilities and 
redeployment of staff. 
Continuing liability 

Fig.07 British Standards Institute guide to managing the design process BS7000 part 2 
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Many companies such as Flymo, Electrolux, Black & Decker, Kenwood and Domick Hunter, 

fi-equently undertake NPD programmes for Strangers and Repeaters in their range. Al l of the 

above companies have similarities in that they all produce products requiring production tooling 

for plastic or cast metal parts. The NPD methodologies used by these companies are also very 

similar with some activities included or omitted from the template plan, according to the project 

type. By way of example, when Kenwood appliances replaced their range of toasters in 1997 

with a "new look' range, a project plan was produced from the generic template for the redesign 

of the plastic parts and associated tooling activities. However, activities involving the electrical 

design and testing were deleted from the plan as not being required. In a similar way, Flymo 

developed a range of products for the United States based upon UK mouldings. Therefore only 

activities involving the electrical components design were included in the project plan. 

From the above examples of Phases in projects, generic definitions are summarised as 

follows: 

a) PHASE ONE: This is the early conceptual stage of the project, before the introduction team 

has agreed 'f irm product proposal'. This is a period of consolidation of market research data 

and engineering development to research and provide an answer to a market requirement. 

b) PHASE TWO: This phase follows the agreement of a 'f irm product proposal' and project 

deliverables by the introduction team, but before the release of engineering drawings to 

commit production toolmakers. This phase involves most of the 'detail design' activities and 

CAD drawings. Rapid Prototype models are sometimes produced at this stage from the CAD 

models to verify the design proposal. The phase usually concludes with a 'design freeze', 
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where specified components and details are defined as finalised from an engineering 

perspective and not subject to further changes. 

c) PHASE THREE: This phase marks the release of capital fimds reserved in the project budget 

for the manufacture of the production tooling. The tools usually consist of injection mould 

or casting tools from which the component parts of the new product are made. A change 

implemented during this phase may place planned completion dates in jeopardy as well as 

risking an 'overspend' in capital budgets. 

d) PHASE FOUR: This phase of a project marks the completion of the production tooling but 

before production runs commence. Changes often occur during this phase, and perhaps 

should be expected, to make final 'minor' changes to the product before production begins. 

There may also be a need to make slight modificafions to the individual components to allow 

the production tools to run smoother. 

e) PHASE FIVE: This is the Production Launch of the product and marks the commencement 

of the production builds intended to be of 'saleable quality products'. The product is 

manufactured in volume during this stage to allow full sales and production launch. This is 

a Phase that is often used as a stock and distribution 'build-up' where product is released 

from the manufacturing unit but not necessarily to the "end user'. 

PHASE SEX: This phase is the Market Launch of the product and delivery to the customer. This 

frequently includes some degree of "post laimch development' of the product from feedback in 

the field. This is the 'acid' test of the product and any product safety issues that have not been 
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identified during the development phases. Any issues exposed here may result in a product 're

call' from the field to execute the change, or expensive field servicing. 

3.3 DEPLOYMENT OF FUNCTIONAL DISCIPLINES IN T H E NPD PROCESS 

It is recognised that, whilst a multifunctional team is involved in the NPD process it may not 

always be practical, or necessary, to involve each discipline all of the time. By way of example, 

Jones (1997) discussed the phased involvement of departmental functions (Fig. 08) where each 

function contributes to the project at the most efficient time. The illustration in Fig. 08 depicts 

a three-phase NPD process: Inception, Creation and Realisation. However an alternative view 

could be that the 'deployment' of the Production Engineering function should also have more 

involvement during the Inception phase, to avoid the apparent over-the-wall approach. However, 

the example adequately illustrates the 'phased' involvement of fiinctional activities in a typical 

NPD process. 
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INCEPTION CREATION REALIZATION 

MARKETING 
ENGINEERING DESIGN 

TIME IN NPD PROCESS 

Fig. 08 deployment of functional activities in NPD Jones (1997) 

The timing of each functional activity, including external suppliers, may vary according to the 

particular requirements of a company, the product under development, type of product and the 

core competencies possessed by a company according to Maffin (1996). In a similar way, 

Cooper (1992) recommended that the deployment of fijnctional activities in a project is a 

consideration for the project manger (or Team Leader) and the team, at the planning stages of the 

project to ensure each departmental function is able to contribute at the most valuable stage. 

According to the British Standards Institute guide (1997) the timely involvement of resource 

(Resource Plan) in a NPD project should be determined in the 'Feasibility Phase' of the project. 
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3.4 INNOVATION IN T H E NPD PROCESS 

The term 'innovation' may be overused today and often intended to depict invention, 

differentiation or newness. It has also been used to describe a fimctional activity or department 

in a company i.e. 'The Innovation Department'. By way of example, the author's job title in 

Domnick Hunter Ltd. is Director of Innovation and Marketing. In contrast to the title with 

Kenwood as Director Of Product Engineering. Despite the unfortunate acronyms the titles 

produce, the job fiinctions were very similar. To help to clarify the contextual meaning of 

Innovation, the Oxford English Dictionary provides the following formal definitions: -

Innovate: To change a thing into something new; to alter, to renew, to bring in something 

new for the first time to introduce as new. 

Innovation: The action of innovating; the introduction of novelties the alteration of what is 

established by the introduction of new elements or form. A change made in the 

nature or fashion of anything; something newly introduced a novel practice or 

method etc. 

The subject of Innovation in NPD process has been extensively covered in previous work and 

often 'required' by marketing people as part of the deliverables of a project. Jones (1997) argued 

that innovation is at the core of new product development. In a similar way, Trott (1998) 

claimed that: 'Innovation is at the heart of many companies activities - companies that have 

established themselves as technical and market leaders have shown their ability to develop 

successful new products. In virtually any industry fi^om aerospace to pharmaceuticals and fi*om 

motor cars to computers, the dominant companies have demonstrated an ability to innovate.' 
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Trott (1998) describes the different kinds of innovation: 

1. Technological - improvements in technologies used in products and processes used to 

manufacture them. 

2. Managerial and Organisational - improvements in the management and organisation in 

a company. 

Innovation in NPD may not necessarily be a 'radical' change or improvement to a product, but 

may involve a collection of minor or 'incremental' improvements including cost reductions or 

Value Engineering which is a process of improving the 'value' of a product, without proportional 

increase in the manufactured costs. 

Publications specifically on the subject of innovation include titles of how to 'manage the 

innovation process' in a company. By way of example Bums et al (1995) argued that: 

"Technical progress and organisational development are aspects of one and the same trend in 

human affairs. The ability for an organisation to succeed is dependent upon the companies 

ability to innovate technically, in the development of new ideas and products; and in the 

organisational development of a company. " 

Innovation is considered so important in today's manufacturing industries that a number of 

publishers have produced journals focusing on the subject of innovation such as: 

1. The Journal of Product Innovation Management - USA MCB University Press 

2. International Journal of Technology Management - Switzerland MCB Press 

3. The Europ.ean Jounial of Innovation Management - UK . 
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4. Product Innovation Management - Elsevier 

In one journal paper that contributes to this topic Twiss (1995) discussed the importance of 

organisations providing opportunities for iimovation and new ideas in NPD. Making the 

distinction between and idea invention and an innovation, claiming that the former can only be 

described as the later i f the idea demonstrates success in the market place. 

In recognition of the need for 'differentiation' in NPD, many organisations endeavour to provide 

opportunities for innovation in the development of new products. Zien et al (1997) argued for 

the need to involve the whole organisation in innovation and to encourage an innovative culture. 

However, Ahmed (1998) noted that many companies pay 'lip service' to innovation and stressed 

that becoming innovative requires an organisational culture, which nurtures innovation and is 

conducive to creativity and invention. Arguing that mechanistic organisational structures hinder 

innovation characterised by: 

1. Rigid departmental separation and functional specialisation 

2. Hierarchical 

3. Bureaucratic 

4. Many rules and set procedures 

5. formal reporting 

6. Long decision chains slow decision making 

7. Little individual freedom of action 

8. Communication via written word 

9. Much information flow upwards; directives flow downwards 
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3.4.1 T H E INNOVATION FORUM 

The author, whilst employed at Flymo, experimented with ways of reducing Fuzzy Front-End 

(Smith et al 1991) delays in projects. The Innovation Forum was established to provide a 

meeting forum for NPD teams to collectively discuss and agree project deliverables and explore 

opportunities for innovation in a project. Flymo had experienced delays in previous NPD 

projects due to both Marketing and Engineering waiting for 'each other' to provide a clear 

definition of project deliverables. Misinterpretations (fuzziness) of product specifications and 

deliverables were common leading to a 'lack of ownership' and conflict between the two 

functions. 

The Innovation Forum meeting started with a discussion of the 'marketing need', lead by the 

Marketing team member, with Engineering, R&D and other attendees asking questions. A period 

of 'brainstorming' followed, sometimes involving a basic QFD analysis, to identify the project 

deliverables and agree project targets such as launch dates and product costs. Competitor 

products were occasionally brought along to the Innovation Forum, for collective critique. The 

senior management at Flymo supported the Innovation Forum as an effective way to: -

1. Improving working relationship between R&D and Marketing, helping to break down 

traditional barriers by making the two functions collectively responsible for innovation. 

2. The Innovation Forum also provided a solution to the common debate of 'who should 

write and take ownership of the Product Design Brief. Before the introduction of the 

Innovation Forum, the question of 'who owned' the PDB lead to a great deal of conflict 

between- the R&D and Marketing team members.. _Misunderstandings pr 
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misinterpretations of the P.D.B. by designers were common leading to the delivery of 

products which fell short, in the eyes of the marketing team, or the customer's 

requirements. The R&D members used to frequently complain that the Marketing Brief 

document was nothing more than a 'wish list' containing unrealistic demands thereby 

creating unnecessary work and delays in a project. The Innovation Forum was infroduced 

to allow the initial production of a 'wish list' from the Marketing Team for discussion 

in the meeting, to be concluded with a clear, unambiguous 'Design Brief containing 

agreed deliverables, with joint ownership. 

Other organisations have activities similar to the Innovation Forum used in Flymo with the same 

objectives of encouraging innovation and to reduce the time taken to agree the project objectives. 

Activities such as the Innovation Forum helped Flymo to address a problem highlighted by 

Jobber (1995) who argued that: 

"One of the major causes of R&D rejecting input from marketing was the lack of quality and 

timely information. " He emphasised that - "Marketing should encourage R&D to be more 

customer aware " also stating that.- - "... There is often personality and value differences between 

the two groups - more effort could be made to break own barriers by socialising, going to lunch 

together, and sitting with each other at seminars ". 

Flymo's Innovation Forum encouraged the functions of Marketing and R&D to work together 

to take collective responsibility for irmovation in the new product, and the construction of the 

design brief Other examples of team-tools have been developed to assist the integration of 

fiinctional groups in NPD such as, Quality Function Deployment (QFD), Design for Manufacture 

(DFM) and Failure Mode and Effects Analysis (FMEA), discussed later_in this research. 
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The subject of NPD Key Performance Indicators was discussed in a previous chapter in which 

time-to-market was frequently viewed as a priority in projects. However, this raised the question 

of whether the continual pressure to reduce lead times may restrict the time available to innovate 

in the process? Cumming (1998) also raised this question and in his conclusions he stated that: 

"Currently in manufacturing industry, process innovation is being applied to allow the potential 

conflicting KPIs of quality, cost and timing to be achieved concurrently. It can be argued that 

with the correct approach to development these three goals can become mutually supporting" 

As part of the objectives of this research tools and techniques to assist NPD teams to addresses 

the goals discussed by Cumming, were investigated. The author hypothesises that i f a suitable 

'strategic' approach is taken, it may be possible for all of the KPI goals of quality, cost and 

timing to be achieved. 

3.5 MEASURING N.P.D. PERFORMANCE 

As discussed in the objectives of this research, it was considered important to establish a set of 

appropriate Key Performance Indicators (KPI's) for the NPD process in order to evaluate the 

effectiveness of tools and techniques to be investigated. This required a review of how NPD in 

manufacturing industry is currently measured. 

In researching the subject of Performance Measurement in NPD, Driva (1994) posed the research 

question of 'How do companies know that they are making effective use of NPD process'. One 

of her key conclusions was that most companies 'do not know', with most orgacdsations limiting 
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their measurements to a 'finance dominated' system and often spending time measuring 

parameters that are not the 'key' to the performance of the business, 

hi concluding this research Driva (1994) recommended that: 

"When implementing a performance measurement system, crude intermediate measures may be 

introduced as a yardstickfor future action. Theses should be subsequently dropped and replaced 

as the performance measures become more fine-tuned and measurement becomes part of the 

company culture. It is a common mistake for companies to add to the list of measures they are 

using without discarding the obsolete measures. " 

Driva (1994 p.3) listed several 'clear reasons for KPI measures': 

1. You can't manage without measuring. 

2. To identify improvement areas. 

3. To identify bottlenecks. 

4. To optimise resource allocation. 

5. To benchmark people to monitor their own performance 

6. Can be a motivational booster - people like to know they are progressing. 

7. To enable standards for establishing comparison. 

In a survey of 512 UK manufacturing organisations, Nichols et al (1993) looked at performance 

measures in some consumer durable, electronic product and aerospace manufacturers, concluding 

that they should consider ten KPIs for bench marking in product development: 

1. Product development costs. 

2. Product development time. _ 
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3. Manufacturing ramp-up time. 

4. Average time to process and implement engineering changes. 

5. Percentage of engineering changes occurring after release to manufacture. 

6. Total effort to develop the product. 

7. Number of parts within a product. 

8. Percentage of design effort sub-contracted out to third parties. 

9. Design realisation - a measure of conceptual product design reaching manufacture. 

10. Time to recover previous quality levels. 

From the above discussion, it was accepted that there is a need to measwe NPD performance and 

to provide a set of appropriate KPIs to test techniques for process improvement. It was also 

acknowledged, following research conducted by Maffin (1996), that it is important for an 

organisation to establish KPIs that are specifically relevant to that particular company and avoid 

the temptation of measuring parameters that may not have a significant bearing on the 

performance of the organisation. The KPIs proposed by Nichols, will now be discussed in the 

order they were presented below, together with arguments (fi-om the author) for and against their 

selection as valid NPD KPIs for benchmarking companies and for their use in case studies: 

1. Product development costs. 

This parameter was considered to be a valid KPI since development costs are often a fimdamental 

constraint in a project. However, development costs (which may include people costs and 

'capital') may be less important than other parameters such as time-to-market. By way of 

example, Dimiaine (1989), calculated that: 'A product 3 months late to market may cost an 
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organisation 33% loss in profit, whereas a development budget overspent by as much as 50%, 

may only effect profits by 3.5%o'. A tool to enable a company to evaluate relative costs of 

parameters such as delays to launch and overspend in the development budget is presented later. 

2. Product development time. 

From the review of previous work, time-to-market is the most coramon KPI measured in NPD 

projects. However, this may be a difficuh parameter to define and 'benchmark' because of the 

following reasons: 

a) It is not clear fi-om the review how development time or time-to market is measured? 

There appears to be no clear, consistent, industry definition of the start point of a 

project, often described as the 'Fuzzy Front End'. Also, the point in the NPD process 

where the project is considered 'complete' may also be unclear, especially i f the 

product is released with a number of flaws which are then the subject of a 

considerable amount of post-launch development changes. 

b) There seems to be very little point in benchmarking 'time-to-market' as a specific 

measurement of one company's NPD performance, compared to another, unless they 

are both developing 'exactly' the same product. Also, based upon the fact that some 

products are by nature more difficult to develop than others. 

The improvement in 'time to market' is also a KPI often used in an unqualified way to 

demonstrate the effect of a technique, 'tool' or methodology. By way of example, fi"om a survey 

of major approaches to accelerating new product development, Murry et al (1992) cited the 

following examples: 
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i) Honda now turns out new models in less than 4 years from drawing board to 

showroom compared to 5 years for most western manufacturers. 

ii) AT&T now take 1 year to design a new phone, down from previously 2 years. 

iii) Honeywell, which used to take 4 years to design and build new thermostats, now 

takes only 12 months. 

The above examples may be factual correct, but it was not clear how each project was measured 

or if the improvements were due to improved technology or improved NPD methodology. Very 

little data was provided to identify which factors influenced each NPD project. Is it possible that 

some companies developed 'Repeaters' following the development of a 'Stranger' and therefore 

have progressed up a steep learning curve with the first product, making subsequent 

developments simpler? A more pragmatic KPI for 'development lead time' is presented later. 

3. Manufacturing 'ramp-up' time. 

This may be defined as: 'the time period from the commencement of production of 'saleable-

quality' product on the assembly line, in limited quantities to the stage where the assembly line 

is manufacturing to pre-set targets volumes.' It is not always possible for an organisation to 

commence fiiU target volume production of a new product from the outset. This may be due to 

the time for an assembly worker to learn how to assemble the product efficiently; or the time 

required for adjusting assembly jigs and fixtures. The 'manufacturing ramp-up time' may be a 

valid parameter of team preparedness. The manufacturing ramp-up time is also an indication of 

how suitable a product is 'designed for assembly', or how well prepared the assembly team are 

to receive it. Manufacturing ramp-up time may be a valid measurement of the degree of 

concurrent engineering that has been successfully conducted.by the team. It_can be seen from 
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the case studies that products have been launched with considerable 'post launch' development 

required. This is regarded as inefficient due to the potential cost and disruption. 

4. Average time to process and implement engineering changes. 

It is recognised that i f corrections or changes need to be implemented in a product design, 

particularly at a late stage in the NPD process, they should be implemented as quickly as 

possible. However, since no two engineering changes are likely to be the same there would seem 

to be very little point in defining an average time for engineering changes. 

5. Percentage of engineering changes occurring after release to manufacture. 

One of the objectives of Concurrent Engineering according to Wheelwright (1993) is the ability 

of the team to identify engineering changes before the product is committed into manufacture. 

Therefore this parameter was accepted as a way of measuring the effectiveness of 'team 

performance'. However, in some cases it may be beneficial to fine-tune certain components after 

production tooling has been produced. For example the response of 'live hinges' in plastic 

components together with the tactility of clips and 'snap' fixings may result in minor changes to 

tooling at a late stage in a project. However, i f changes of this type were required, it would be 

prudent to 'plan' and provide adequate time for the fine-tuning. 

6. Total effort to develop the product. 

How this is defined or how it could be could be measured was not clear fi-om the literature but 

may be related to total man-hours used by the NPD team, which may be usefial to some 

organisations. 
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7. Number of parts within a product. 

It was not accepted that the number of parts within a product is always a valid measurement of 

NPD performance. There are case study examples in this study where components were added 

to a product to increase the value of the product by providing an expanded function or appeal to 

the user. The increased value may be perceived such as the addition of an aesthetic trim 

component or real, such as the addition of a flexible hinge component in a toothbrush. The 

author is also able to cite examples of products developed by Kenwood for manufacture in the 

U.K., where the parts count was kept to a minimum because of the high cost of labour in the UK. 

This resulted in large complex geometry plastic components containing many 'clip' features, 

which were expensive to tool and time consuming to design. Kenwood subsequently replaced 

those products with products manufactured in China containing an increased number of parts 

benefiting fi-om the low cost manufacturing base compared to UK. Other benefit included 

simpler design for the CAD engineers and lower cost tooling. Therefore the Number of parts 

within a product was not accepted as a valid measurement of NPD performance. 

8. Percentage of design effort sub-contracted out to third parties. 

The degree of 'vertical mtegration' or the proportion of the product development process carried 

out by an organisation is dependant upon the core capabilities contained in the organisation, the 

resource availability and many other factors as discussed by Maffin (1996). Therefore, the 

percentage of design effort sub-contracted out to third parties may not be a concern to an 

organisation. Many organisations such as consumer durable manufacturers routinely sub-contract 

the Industrial Design aspects of the product to a number of agencies which provide a constant 

supply of 'fresh' ideas and styling variations in their products. Many other examples of design 

sub-contracting may be.beneficial where the core competency does.not reside inihe organisation, 
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or external resource can do it better, faster or cheaper such as software design or electric motor 

design. However, 'design sub-contracting' referred to by Nichol (1993) also refers to 

'unplanned' recruitment of resource to make up for delays in the project which represents 

inefficiency in a project, and should be measured. 

9. Design realisation - percentage of designs released to manufacture. 

This was not accepted as a reliable KPI since some organisations may take the view that it is 

acceptable for development teams to research a number of projects for the release of one 'word-

beater'. Cooper (1994) argued that it is more important for an organisation to understand 'why' 

some of their products fail. This is a view supported by the author. Also, according to Jobber 

(1995) the reasons for a product failing to reach manufacturing may include issues which may 

be out of the control of the organisation involved such as: -

a) The launch of a superior competitive product 

b) Changes in local or global economies 

10. Time to recover previous quality levels. 

From an internal quality audit conducted in Flymo in 1996 (not published) the measurement of 

quality levels may range fi-om: 

Manufacturing 'line' quality failures such as: -

a) Production line reject levels 

b) Production re-work numbers 

Quality related to 'field' failures such as: -

a) Failure under Guarantee (FUG) levels of product returned fi-om the field. 

b) Product returned because ojjiissatisfaction by the user. 
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A fiirther analysis of field failures and product returns, conducted by Flymo, concluded that a 

product might be returned from the field for the following reasons: -

a) The product design was flawed. 

b) The product was manufactured incorrectly. 

c) The product was marketed for an application beyond its capabilities, or 'oversold' in 

advertising and promotions, leading to disappointment and annoyance by the customer. 

An example of this was the initial failure of the 'hover mower' by Flymo shown on TV 

as being very easy to use and 'light as a feather' to push - which was not always the case. 

This lead to disappointment by the customer due to the marketing campaign creating an 

over-expectation of performance in the eyes of the customer. 

There were a number of other NPD performance indicators identified in the literature review 

which were viewed as less tangible. By way of example, Wight (1993) prescribed a checklist 

for measuring 'operational excellence' in NPD performance: -

1. Commitment to excellence. 

2. Multi fiinctional product development teams. 

3. Early team involvement. 

4. Customer requirements used to develop product specifications. 

5. Decrease time-to-market. 

6. Preferred components, materials, and process. 

7. Education and fraining. 

8. NPD integrated with the plarming and confrol system. 

9. GontroUingchanges. _ _ 
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The Department of Trade and Industry in the United Kingdom produced a less tangible 'self-

assessment' checklist for 'successfiil product development' - DTI (1997) suggesting that the 

following elements were among the key factors to the successfiil implementation of NPD. 

1. The need for a Product Development Strategy consistent with business strategy. 

2. Structured Product Development Process with clear roles and responsibilities, appraisals 

and adequate performance measurements. 

3. Teamwork with tools such as FMEA. 

4. Working in Parallel. 

5. Applying appropriate Project Management techniques. 

3.6 K E Y PERFORMANCE INDICATORS SELECTION FOR CASE STUDIES 

A key objective of this chapter was to select appropriate NPD Key Performance Indicators for 

use in the research case studies. It was considered important to review all of the KPIs listed 

above, assess their relevance to the NPD process, and then make appropriate selections. 

Particular attention has been given to the KPI relating to introduction 'time' since this parameter 

received the closest attention in the review. The priority ranking of each KPI will be discussed 

later according to the contextual requirements of each project. Therefore, from the above 

discussion the following list of KPIs was configured: -
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1. Accuracy of the Launch 

This parameter was chosen to show if the product was launched on time, early or was it late? 

The value of Accuracy of Launch is found by calculating the deviation from the 'planned' 

infroduction period in days: -

i) Deviation (days) = Actual Introduction Period (days) - Planned Introduction Period (days) 

From the above the Accuracy of the Launch can now be expressed as a ratio or percentage using 

the following formula.- -

ii) Accuracy of the Laxmch = (Deviation / Planned Infroduction Period) 100% 

A ratio was selected in favour of an absolute value, such as lead-time, to enable direct 

comparisons to be made between projects. Also, a dimensionless value could be used to 

benchmark NPD performance capabilities between a number of different projects from the same 

company, or substantially different products developed by other companies. Also, by using a 

dimensionless value, it may be possible for a company to assess any benefits from changes they 

may make in NPD methodologies, people, or the effectiveness of activities such as FMEA, QFD 

or Rapid Prototyping. In order to calculate Accuracy of the Launch, the target launch date must 

be nominated and agreed at an early stage in the project after the deliverables of the project have 

been defined and agreed. 
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2. Unplanned Specification and Engineering Changes. 

Unplanned Specification Changes refers to changes in the deliverables of a project by the 

customer or the Marketing team member in the project. This may be an indication of the 

effectiveness or accuracy of any market research used to establish the specification requirements 

of the new product, or how carefiiUy the requirements were considered at the start of the project. 

Unplanned Engineering Changes refers to changes in the product's 'engineering' configuration 

and may be used as an indicator of the quality of the design proposal. By way of example, i f 

product performance issues were discovered, fi-om first production builds, the product would be 

subjected to engineering changes to correct the issues. Alternatively, a product may require 

engineering changes to improve the assembly methods, or reduce manufacturing costs. 

The issue being raised here is the timing of Specification and Engineering (S&E) changes rather 

than the number of them. It may be argued that 'changes' form part of the development process. 

However, i f S«&E changes are implemented during the later stages of a project, i.e. after the 

completion of production tooling, they could be very disruptive to the progress of the project and 

create unplanned delays to the launch. Late (unplanned) engineering changes may also affect 

the Accuracy of Laimch or require additional unplanned resources (human and financial) for the 

project to recover delays. 

The number of S&E changes, and their timing, has been included in the list of KPIs since it may 

provide an indication of the effectiveness of Engineering and Marketing functions in the 

company. It may also show how well the team leader and the team communicate during the 

project; or the effectiveness of 'tools' used in the project such as FMEA, QFD or prototyping, 

to identify the changes-early enough and avoid the potential of disruption.and delays. 
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3. Product Quality. 

It was accepted that it would be of little value to launch a product on time (100% accurate 

launch) and avoid changes, i f the product failed in the field or in the manufacturing process. 

Therefore it was decided to include control parameters for product quality in the NPD KPI list. 

Most organisations are able to quantify Field Failures or failure under guarantee (FUG) after the 

launch, and record production line rejects during the manufacturing process. Therefore, Field 

Failures during the first six months after launch, and production line rejects in parts per million, 

were selected as valid NPD KPIs. 

4. Cost Control Target 

It was accepted that Product Cost Targets need to be defined during a project. The control of 

Product Cost Targets is a KPI that will show if the team has achieved the target. 

5. Capital Cost Control 

Most NPD projects require some form of monetary investment during the introduction process, 

referred to here as the Capital Costs. It was decided that these costs also need measuring and 

controlling in a similar to Product Costs. Capital Costs for a project which may include: 

i) Tooling Capital Costs. 

ii) Capital equipment costs for production. 

iii) Capital investment for Sales and Marketing materials. 

The above Capital Costs are usually established during the design process or set as a target at the 

start of a project. It was decided to include the control of Tooling Capital Costs as a KPI since 

Unplanned Specification and Engineering.Changes could also influence_this_cost._ 
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It was accepted that there are potentially many other KPIs that could be applied to the case 

studies, however, they may not always depend upon the performance of the NPD team and the 

methodology used to introduce the new product. Examples of other KPIs that will not be used 

in the case studies will now be discussed such as: 

1. Profit Margin 

Profit, defined as the 'Excess revenue generated by the sale of a product after the costs for 

the manufacture of the product have been subtracted'. This was not selected as a KPI for the 

case studies since 'sellmg price' may not always be under the control of the NPD introduction 

team. A view was taken that since 'product costs control' was included in the KPI list, there 

would not be a need to include Profit Margin. 

2. Market Share 

This may be a valid parameter to define and set as a target for the NPD team for 'post project 

review' discussions with the team several months after the project launch. However, market 

share may be subject to many influences outside the confrol of the introduction team such as 

competitor activity, and was not considered to be a useful measurement of NPD teamwork 

performance. 
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3.7 CONCLUSIONS FROM THIS CHAPTER 

A number of direct conclusions were taken from this chapter: 

1. Following the above review, it was concluded that the specific objectives of the NPD process 

are dependent upon the type of product imder development and the contextual priorities of 

the organisation involved. Therefore NPD KPIs and their relative priorities should be 

selected with contextual consideration. 

2. Also, for organisations employing multifunctional teams, there is a need to define clear 

project management procedures in the form of a NPD methodology, which may include 

appropriate control documentation and an infroduction template plan, to ensure that each 

functional activity is considered and correctly scheduled. 

3. It is recognised that 'Innovation' in the NPD process is an activity that also requires careful 

planning and consideration in order to encourage the development of high 'added-value' 

products. Therefore it may be beneficial for a company to include activities similar to 

Flymo's 'Innovation Forum' to provide every opportunity for creativity whilst minimising 

the time required to define the deliverables of the project. 

4. It was concluded that the following KPIs will be applied to the case studies: 

i) The Accuracy of the Launch. 

ii) Unconfrolled Specification and Engineering Changes. 

iii) Field returns and production line rejects Quality. 

iv) Product Cost Confrol. 

v) Capital Cost Confrol. 
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CHAPTER FOUR 

REVIEW OF TEAMWORK CONCEPTS IN N.P.D. 

4.1 INTRODUCTION 

A common theme discussed in the review of the New Product Development process in 

manufacturing industry, was the organisation and use of multi-functional teams. Teamwork was 

frequently described by many authors as a, 'pre-requisite' to improving the NPD process. 

The author was privileged to be invited to present part of this research in 2005 to Lord Broers, 

president of the Royal Academy of Engineering and Chairman of the House of Lords Science and 

Technology Committee. Following a discussion after the presentation Lord Broers emphasised 

the 'value of collaboration in New Product Development' and endorsed teamwork in NPD. 

Collaboration in product development was the subject of one of Lord Broers Reith Lectures, 

broadcast by the BBC (Broers 2005), where he argued that 'Most technologies are created by 

bringing together and evolving technologies that already exist'. Broers also emphasised the 

following points: 'It is rare nowadays, for an individual to posses all that is needed to develop, 

manufacture and take a new technology to market. Without joining with others, one simply does 

not have the resources to be internationally competitive.' Technological examples cited by 

Broers include the mobile phone and the modem GPS system, where: '... it would be extremely 

unlikely for any one person nowadays to posses all of the Engineering, Manufacturing and 

Marketing skills required to develop and launch such products.' 
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The 'teamwork approach' has been described as an "enabler' (Boothroyd 1993), for a number of 

'tools' such as Design For Manufacturing (D.F.M.), Failure Mode and Effects Analysis 

(F.M.E.A.) and Quality Function Deployment (Q.F.D.). Therefore, the subject of teamwork will 

be reviewed in detail in this chapter, together with the claimed benefits and implementation 

techniques. 

In reviewing the extant literature on the multifunctional NPD process, McDonough III (2000) 

concluded that: '97% of a sample of companies studied used Cross-Functional teams in some 

NPD projects, with 33% using them for all projects.' McDonough identified the following 

benefits of using Cross-Functional: 

1. To speed up NPD. 

2. Improve quality of products. 

3. Lower product costs. 

4. Improve success rate. 

5. Improved added value for consumer. 

During the course of this research the above, typical, claimed benefits of using multifunctional 

teams in NPD are explored. An attempt will also be made to 'quantify' the above benefits, their 

relevance and how they should be measured. It was not the intention of this chapter to endorse, 

or otherwise, the use of teams in new product development, rather to understand their 

organisation in order to propose areas of improvement. 
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4.2 SIMULTANEOUS / CONCURRENT ENGINEERING 

Concurrent Engineering was defined by Poolton (1994) as: 

"A systematic approach to the integrated, concurrent design of products and their related 

processes, including manufacture and support; intended to cause the developers from the outset, 

to consider all elements of the product life cycle from concept through disposal, including 

quality, cost, schedule, and user requirements. " 

From a practical implementation guide to the use of the simultaneous, or teamwork, concepts 

Hartley and Mortimer (1991), described Simultaneous Engineering as: 

"An integrated approach to new product introduction. Using multi-functional teams or task 

forces, it ensures that research, design, de\'elopment, manufacturing, purchasing and supply, and 

marketing all work in parallel from conceptual stages of the new product, through to final launch 

of the product into the market place. Unlike traditional (or 'over-the-wall') methods involving 

a process of'sequential' events in a project" 

Over the past 45 years, not only have Japanese companies made enormous gains in their share 

of world markets, they have impressed the West with their ability to introduce new high 

technology products that have astutely matched the needs of their customers. Rosenbloom and 

Cusumano (1987) described how the Radio Corporation of America and Ampex (in the United 

States) competed with JVC, Matsushita, Sony and Toshiba (in Japan) for a technological 

advantage to produce the VideoCassette Recorder for the mass market. Sony, JVC and 

Matsushita succeeded where others in the West failed, primarily because of the way they 

managed the development of the technology. Over a period of nearly three decades. The 
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Japanese repeatedly focused on more value-added opportunities in the development, and 

positioned their technical efforts and 'people' more efficiently in product introduction teams. 

In the Simultaneous Engineering approach, according to Hartley et a/ (1991), the team has an 

appointed team leader, who leads the project and helps the team to "self manage' day to day 

issues by "removing any barriers to success'. The team leader ensures that each team member 

is 'empowered' to represent his or her functional activity without the need for any further 

authorisation from 'above', thus improving the efficiency of the decision making process. The 

'teamwork structure', illustrated in Fig.09, depicts a communication process in the team without 

the intervention of departmental managers. Simultaneous Engineering and the deployment of 

'self managed' teams is a departure from the more 'traditional' approach described by writers 

such as Fayoy (1949), Mooney (1947) and Urwick (1947), who claimed that high performance 

came from a staffing structure which was hierarchical in nature. This approach emphasised a 

chain of command, clear lines of authority through which communication passed downwards, 

delegation of tasks and responsibilities and role specialisation. Within this approach 

management was seen as the supreme co-ordinating authority. The traditional structure is shown 

graphically in Fig. 10. The illustration depicts a series of 'over-the-wall' steps where each 

departmental fiinction operates almost in isolation to the next department, with the customer 

being involved at the end of the project. Each respective functional manager provides the 

'authorisation' for each function to 'pass' the project to the next stage. The flow of information 

shown in the 'traditional organisation' is unidirectional, with project problems perceived as the 

fault of the previous player, sometimes known as 'Functional Silos', 
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Traditional, sequential, over-the-wall, approaches were criticised in the extant literature because 

'responsibility and accountability for the product is denied by all parties'. It was also noted that 

this approach created barriers between the functions where 'each member believes the other to 

be incompetent'. In support of this criticism. Smith e/ a/ (1991) discussed the need for the 

'mobilisation' of a 'Team-work' culture in an organisation intended to reduce product lead-times 

claiming that; 'The resulting change in culture produces a 'flatter' structure thereby reducing the 

need for a 'middle manager' level.' 

This was also supported by Miles et al (1992) who claimed that: 'traditional, functionally 

organised, product introduction processes are 'incapable of meeting the new requirements placed 

upon them' for the following reasons: 

1. Sequential activity results in protracted lead times. 

2. Customer requirements, product design and method of manufacture are inextricably 

linked with many trade-offs and they cannot be addressed independently by marketing, 

engineering and manufacturing flinctions. 

3. Scarce design resources are wasted on interdepartmental communications, progress 

chasing and non value-added activities correcting designs that prove difficult to make or 

do not fully meet customers' expectations. 

4. Manufacturability issues are discovered too late and are the subject of 'quick-fix' 

solutions. 

5. Al l design work is pushed through a single, ill-defined acfivity. 

6. Products are designed with an excessive number of component parts which, in 

addition to the cost of these parts, adds to the supply and stock control. 
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A number of researchers recognised the need to 'rearrange" organisational structures, such as 

Little (1996) who claimed that: 

"Hierarchies create dependant employees and behaviours - hierarchies are too slow, and they 

impede the easy flow of knowledge that is key to effective decision making ", 

Morgan (1988) argued that a hierarchical structure in an organisation 'stifles debate" and 

therefore 'constructive conflict". Morgan advocated smaller, flatter structures that are 

communication intensive by giving the members of a team more responsibility to progress tasks 

and solve problems along the way. 

hi a similar way, Clark et al (1992) endorsed the formation of teams in NPD projects, requiring 

team members to be appointed from each function in the organisation, lead by "heavyweight' 

team leaders rather than their 'functional' managers who tend to concentrate on departmental 

priorities. Clark argued that: 

"The team leader will not only guide the team in their objectives, but will also 'sell' the team 

concept to each member of the team improving integration and motivation in individuals 

achieving their objectives for the team. The role of senior management is to guide, support and 

empower the teams to solve problems within pre-defined limits. " 

In a guide to implementation Hartly et al (1991) list the following as vital elements to the 

simultaneous engineering process: -
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1. The formation of a 'multi-disciplinary task force' or project team consisting of all the key 

departmental members, and external suppliers involved with the introducfion of a new 

product. 

2. Matching the product definition to the requirements of the market place with the 

customer. The project definition must be clear and agreed by the whole team, providing 

a common goal for all to achieve. 

3. Parameter design to ensure the product is optimised for use and quality. This is a process 

of investigating potential problems in the product and solving them before they occur. 

4. Include Design for Manufacture and Assembly studies in the process. 

5. Simultaneous development of the product, the manufacturing process and equipment, 

quality control, spares, maintenance / servicing and marketing etc. 

6. A formal structure for the team is necessary so that the members understand their job 

functions and can work together as a team, ideally in the same office. 

7. Team leaders must be appointed with strong personalities also committed to achieving 

the common goal. 

8. Senior management needs to take a 'hands-oflT approach to the task force, but must make 

its support for the system crystal clear. 

9. Directors should be ready to foster whatever changes are needed to improve the 

effectiveness of simultaneous engineering. 

From a study of Fortune 500 manufacturing companies, Henke et al (1993) suggested that "firms' 

realise four primary benefits through the use of cross-functional teams: 
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1. The shortcomings of hierarchical structures are overcome by the team's ability to cut 

across traditional vertical lines of authority. 

2. Decision-making is decentralised. 

3. Hierarchical information overload is reduced at higher levels. 

4. Higher quality decisions can have a significantly greater potential of occurring than with 

individual decisions. 

Along with the claimed benefits of using a teamwork approach to NPD, there were a number of 

issues identified in the literature as described by Henke et al (1993), who discovered that 'no 

single firm had implemented the team concept to the fullest extent. 

Henke et al (\993) concluded that; 

'Firms were not always including external suppliers and 'blue collar' involvement in the teams, 

also claming that, 'simply designing a system of teams, and then assigning a mix offunctional 

people to them is not enough to make the system work. An individual's commitment to a team 

and its job must be sought by senior management as well as the suitability of individuals in a 

team role. ' 

The above recommendations were used as guidelines for the research case described later. 
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Concerning the involvement of extemal suppliers in a team, Bonaccorsi et al (1994) claimed that: 

"The early involvement of suppliers in new product development saved time by synchronising 

technical development, provides more opportunities for concurrent engineering, increases 

profitability of both parties which leads to mutual trust and free information exchange. Nissan 

Motor, for example, employs the concept of guest engineers from their key technical suppliers 

as members of their development teams. " 

The author, whilst project managing a number of new products for Flymo Ltd. and Kenwood, 

experienced a number of benefits of early supplier involvement, for example the injection mould 

and tool makers in a project gave the following advantages: -

1. Enabling designers to design components compatible to injection moulding. 

2. Reduced cost of tooling by involving the chosen toolmaker in the design process. 

3. Improved component finish and quality by involving the toolmaker in the design process. 

4. Reduced moulding cycle times, therefore reducing piece part manufactured costs. 

5. Improved tool reliability and lifecycle. 

In addition to tlie subject of teamwork discussed in the extant literature, professional institutions 

and management consultants have staged a number of high profile conferences highlighting the 

benefits of multi-functional team working in the new product development process. One such 

'international" conference staged by the IMechE (1994) entitled 'Design for Competitive 

Advantage' placed "teamwork' as the pre-requisite for competitive advantage. Many presenters 

claimed that product development is not the result of efforts in any one department but needs the 
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active involvement of many people, especially fi-om Marketing, Engineering, Purchasing, 

Manufacturing members and key suppliers. 

4.3 ORGANISATIONAL AND CUTURAL CHANGES 

In order to implement a multi-functional teamwork environment. Hartley et al (1991) described 

criteria that managers need to consider; considerations such as the organisational structure of a 

company and the 'cultural' changes required to accommodate a cross-functional way of working. 

Hartley et al {\99\) also acknowledged that it was the Japanese who first recognised that: -

"Teamwork is one of the fundamental levers which can profoundly influence the pace of change 

in new product development, with Japanese culture based on the need to find a consensus on a 

course of action. Sometimes however, contrary to the popular vicM', the consensus is reached 

only after considerable argument, but once the consensus is reached, the team involved will give 

their all to achieving the objectives of the project. " 

A common theme in the literature review about teamwork implementation, was the changing role 

of senior management from "decision-makers', to enablers thereby redistributing authority down 

to the team players. Lettice stated that: 

"// is important to have 'committed and flexible people ' on the teams, as well as the correct skills 

mix in a team" - "Part of creating a supportive team environment, involves 'moving decision 

making down the organisation', if this is to work team members need to have a clear 

understanding of their authority and who makes what decisions must be clear". 

72 



Hasslop (1996) also supported the need to move the decision-making process 'down' to the team 

members and discusses the considerable 'autonomy' held by the team leader. This shift in 

responsibilities for some organisations can be in itself difficult to manage i f some senior 

managers may reluctantly see their authority taken away. Hasslop's research demonstrated that 

in some electrical/electronics manufacturers, top management tended to 'hold on to power" and 

retained control of the 'strategic' dimensions of a project, whilst allowing the team leader to 

control the "operational' issues. Hasslop argued that projects and company success (in terms of 

sales volume and turnover) could be improved i f team leaders were allowed a greater degree of 

'Autonomy' and more responsibility for strategic, as well as operational, tasks. 

In a similar theme, Hammer et al (1993), described a process of 'Re-engineering the Corporation' 

to improve company performance based upon a total review of the business process in which the 

workers make the key decisions, claiming that: 

^'Hierarchical structures need to he 'vertically compressed', and workers empowered to make 

decisions. The benefits include fewer delays, lower overhead costs, better customer response, 

and greater empowerment. " 

In endorsing the use of teams in NPD projects Muhiem et al (1994) argued that: -

"...for an organisation to successfully meet the requirements of the customer with a 

'manufacturable 'product, agreement must be reached bet\\>een all of the businesses functions 

on matters such as: 
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1. Performance 

2. Aesthetics 

3. Quality 

4. Reliability 

5. Quantity 

6. Selling price 

7. Delivery dates " 

Muhiem et al (1994) also claimed that: 

"The foundation for long term success of any organisation can be established only on the basis 

of synergistic relationships between Marketing, Design and Operations functions of the 

organisation, good integration between these groups is essential. " 

The author has also experienced delays in NPD projects due to failures between the Marketing 

and Design functions to reach timely agreements of the matters identified by Muhiem. 

In order to save costs in manufactured product Berliner et al (1989) emphasised the early 

involvement of a team to improve the effectiveness of the team's involvement claiming that: -

"In the early stages of a project decisions are being taken that will not only dictate the product 

costs in terms of labour and materials, but also, distribution costs and the costs of product 

failures, including sendcing. During the early stages, tooling investment may be committed to 

the project, but that money is not yet spent. It is at this time when the team 's decisions are most 

effective at controlling the costs for the entire life cycle of the product. At a later stage in the 
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project it may be more difficult, and possibly prohibitively expensive to implement any changes. " 

Costs incurred during a product life cycle are depicted in F i g . l l , which shows the rate of 

commitment of product costs with respect to costs incurred. 

ABOUT 80% OF THE COSTS OF A PRODUCT 
LIFECYCLE ARE COMMITTED AT AN EARLY STAGE 

V) 
h-
O 
o 

C O S T S INdURRED 

S o u r c e : Ber l iner and Br imson 1989 TIME 

Fig. 11 Costs incurred during a product life cycle (Berliner et al 1989). 

The relationship between the 'timing' of a change with respect to 'costs incurred' was 

investigated in detail later in this research. A model was developed to quantify the 'impact' of 

changes in terms of cost and according to the 'phase' of implementation during a project. 
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Research described in a number of management journals has endorsed the benefits of adopting 

a teamwork approach to new product development. The most significant benefit is 'reduced 

time-to-market'. 

McDonough (2000) claimed that a key factor in reducing development time is the 

implementation of cross-functional teams which has 'unfrozen' many of the problems that 

occurred at the departmental boundaries such as 'formal hand-overs' and resource scheduling. 

Also, Jaskolski (1992) described a paradigm shift in corporate culture focusing on a multi-

fianctional approach that can help shift companies from a time-deficient 'structured' organisation 

to time-effective fluid teams. 

In a somewhat different approach, Imai (1986) described a 'functional' system of departmental 

managers 'naturally' tending to place priority on their ovra departmental fijnctions, arguing that: 

"Cross-functional teams involved in new product development avoid 'long periods of in-fighting' 

and adjustments before production starts. 'Cross-functional management has been born of the 

need to break interdepartmental barriers, and, cross- functional goals should be determined prior 

to departmental goals'. Without cross-functional goals, the departments with the loudest voices 

tend to win interdepartmental negotiations, regardless of the impact on company-wide goals. " 

4.4 SIMULTANEOUS ENGINEERING E X A M P L E S IN INDUSTRY 

From discussions of the evolution of the automotive industry, Womack et al (1990) described 

a complex processes requiring 'enormous efforts form a large number of people' and how 'lean 

production' techniques encompassed both process and industrial engineers in teams, with strong 
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team leaders, to collectively engineer the entire vehicle. Lean Production was described as an 

enhancement to 'mass-production' avoiding the need for a large numbers of specialists 

concentrating on isolated details such as the 'door locks'. However, Womack argued that Lean 

Production could inhibit individual career paths. In a mass-production process, for example, a 

junior piston engineer may progress to a senior piston engineer by displaying 'genius' in the 

engineering of a single component without regard to the engineering of the final product. 

Womack, et al (1990) described two 'key' organisational features of'lean production' requiring 

the use of a cross-functional teamwork approach to evolving and building cars. Firstly, 

transferring the maximum number of tasks and responsibilities to the workers actually adding 

value to the car, and secondly, empowering the team to retrace and rectify problems and faults 

'as they appear'. 

Honda was one of the first automotive manufacturers to adopt the simultaneous engineering 

approach, introduced by the then president Kiyoshi Kawashima in the late 1970's. In the U.S. 

Chrysler, Ford and General Motors started using simultaneous engineering in 1984-85 and have 

since developed clearly defined methodologies, all based upon multi-functional teamwork. The 

Ford motor company claimed the following benefits for the implementation of simultaneous 

engineering: -

1. Reduced time-to market. 

2. Improved product quality 

3. Reduction in development costs 

4. Reduction in product costs. 

5. Increased customer satisfaction. 

6. Optimised use of available resources (people and money). 
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The result of the traditional, 'sequential', approach experienced by Rover Group (Kelly 1993) 

was: time delays, because each departmental fiinction in the process must climb up a steep 

'learning curve' at each stage in the product introduction process. The traditional process also 

makes little or no use of opportunities to process a number of activities in parallel. The 

illustrative chart in Fig. 12 shows a development process proceeding, apparently in isolation fi-om 

the other functional activities, followed by production engineering and other key activities in the 

process, culminating in the manufacturing assembly functions. In contrast, the simultaneous 

engineering ('teamwork') approach is shown in Fig. 13 where the Gantt chart shows a number of 

activities occurring with a significant degree of overlap. This shows activities occurring 

concurrently with others, hence saving time over the sequential methods. Note also the reduction 

in the time required for design changes due to a continual consultation process. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 

MARKET REQUIREMENT MARKET REQUIREMENT 

PRODUCT DESIGN PRODUCT DESIGN 

TOOLING TOOLING TOOLING 

SOURCING SOURCING SOURCING 

PROTOTYPING 

DESIGN CHANGES DESIGN CHANGES 

PRODUCTION ENG. 

ASSY. TRADSUNG ASSY. TRADSUNG 

PRODUCTION 

Fig. 12 Sequential or 'over-the-wall' NPD plan. 
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1 \ 

Fig. 13 Simultaneous Engineering or 'teamwork' NPD plan. 
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4.5 BEST PRACTICE TEAMWORK IMPLEMENTATION TECHNIQUES 

This section will review some examples of how 'teamwork' methods have been implemented 

in a number of companies manufacturing consumer durable, aerospace and automotive 

products. 

Teamwork is often described as a 'Best Practice' technique in new product development -

Matin (1994) defined 'Best Practice' as: 'The business processes used, by the best performing 

companies, to provide a product, or service, to their customers.' 

However, Maffm's (1996) work showed that one 'best practice' technique which has 

provided operational benefits for one company, may be inappropriate for application by 

another. Maffin emphasises that it is important for an organisation to: 'Identity those 

features of good design and development practice, which are generic and those, which are 

company specific' 

It was also shown in Maffin's research that 'best practice' methods require significant effort 

and understanding, of the techniques, by senior management to make them work for the 

benefit of the organisation.' 

Whilst reviewing a number of case studies in concurrent engineering practices, Poolton 

(1994), discussed the development of the 'K' series engine, and the Land Rover Discovery, 

by the Rover Group. The Land Rover Board provided the 'enabling' conditions to establish 

multi-disciplined NPD teams. The team had both full-time and part-time representatives who 

included external suppliers and various experts resulting in successful introductions. The 'K' 
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series engine was described as an "unqualified success" and the Discovery was delivered to 

the market in record time, on cost, and above targets for profitability. 

From another implementation of simultaneous engineering in British Aerospace Regional 

Aircraft, Lockwood (1995) discussed a methodology for the production of small to medium 

size aircraft, such as the Jetstream Commuter and the BAE 146. Lockwood described the 

implementation as 'wide ranging' involving every department fimction in the company. 

Starting in 1991 a business wide simultaneous engineering programme was launched to 

significantly improve the way the company undertook and managed projects. The first step 

was to identify the fiall extent of cross-fiinctional engineering processes, such as new aircraft 

development and aircraft customisation, and to quantify the opportunity for improvement. 

Then an analysis was undertaken to pinpoint the fiandamental problems that were resulting 

in wasted effort and time in the processes. The conclusion of the analysis was that significant 

improvement in the development and customisation of new aircraft could be achieved by 

'empowering' cross-fianctional teams to 'challenge' the implicit management practices using 

'Goal-Directed Planning' methods (GDPM) rather than traditional, activity-based planning 

methods. Lockwood (1995) described GDPM as: 'a results-orientated approach to project 

management which offered a radical departure from traditional critical-path techniques in 

which the project manager becomes 'sucked in' to a spiral of planning and re-planning; and 

focusing on what must be achieved.' 

Lockwood (1995) also described the principle of GDPM forming a 'robust' basis for 

planning and control. This was achieved by involving a cross-fiinctional group to identify 

milestones in a project that must be achieved, starting from the final objective and working 
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back. In traditional planning, milestones were described by Lockwood as representing the 

completion of an activity rather than the accomplishment of the result. 

Following a series of three day workshops at BAE on simultaneous engineering, cross-

fiinctional teamwork and GDPM, key projects were selected to pilot the implementation of 

simultaneous engineering with one project selected, as a control, which would still use 

traditional methods. The results of the pilot programme showed that the GDPM team had 

produced a coherent plan in just two days while the traditional teams using conventional 

techniques were struggling to understand the customers' request. 

The above implementation of SE in projects, followed the following steps: 

1. Cross-Functional consultation to understand the potential benefits of SE. 

2. Identify a pilot proj ect. 

3. Identify the final Business Goal to a SE team with clearly defined roles. 

4. Identification of the milestones, by the team, of 'what must be achieved'. 

5. Implement the plan and project. 

The benefits to BAE of the implementation of SE and GDPM was: 

1. The lead time of projects was reduced by 75% 

2. Significantly reduced re-work. 

3. Letters of compliments fi"om customers to BAE about improved performance. 

4. Improved motivation, plan ownership and commitment from the team. 

5. The Project Manager stayed focused on the accomplishment of the goals. 
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Following the review of the above, the author interviewed the Production Director of BAE, 

Tony Douglas, in February 1997. Douglas revealed that: 

"The success of the above was still very dependant upon a strong-willed team of managers 

who, first of all, needed to convince themselves that SE would provide benefits, before 

'exposing' the methodology to the work force. It then became a 'one way selling job' to the 

cross-functional team, for them to complete the implementation as described above. " 

Douglas explained the need to implement a comprehensive personal objective and appraisal 

scheme in the organisation, together with the re-issue of 'generic' job 'profiles' for everybody 

in the company to ensure that their roles were clear, what was expected of them to achieve, 

and how they would be measured. The job profiles of the other team players, and team 

leaders were available for all to review and understand. Douglas also explained that 

objectives were set by the individuals involved and agreed by their senior managers thus 

linking the company's objectives with individuals. 

The above process in BAE became a corporate product development methodology, which 

was well documented for use in the organisation. Many other organisations also produce 

published procedures, often referred to as 'corporate methodologies' for use by their 

personnel (usually confidential and not in the public domain) as guidelines for the 

development of new products. 

Within the Electrolux group of companies a SE implementation guide was designed in 

Stockholm - Sweden, for implementation by the rest of the worlds group companies in 1994. 

The Electrolux guide, called 'The Integrated Product Development Process', was based on 
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research conducted by Berliner (1989). Berliner showed that a manager's ability to 

significantly influence the outcome of a project by the involvement of multi-fimctional teams 

in the 'primary' and 'specification' stages of the project, where up to 80% of the project costs 

are committed, see Fig. 11. 

The Electrolux methodology integrated Business, Technology and Marketing Strategies to 

provide an Integrated Product Development Process. The process was split into four key 

development phases: 

1. Primary Development 

2. Project Specification phase 

3. Proj ect Industrialisation phase 

4. Project Evaluation 

Phase One: Primary Development 

This included the Project Definition activities. Ideas Generation, Selection of Project Leader, 

Planning, Marketing sign-up, and various creative / innovation activities. The phase was sub 

divided into various 'check-points' which represented a number of milestones depicting the 

completion of tasks such as 'Performance / Design Verification'. Two levels of Prototype 

models were included in the first phase of'Primary Development' which were: 

1. Prototype mock-up - this was a non-functional Industrial Design model 

representing the styling and aesthetic intent. 
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2. Functional Prototype - this was purely a working representation of the product 

offering for evaluation by the design and marketing team members. 

Phase Two: Product Specification Phase 

This phase ran with some concurrency to the Primary Development but included Business 

Planning, Competition Analysis, Risk Analysis, Manufacturability, and reference is made to 

the production of 'Representative Appearance Prototype' models which was intended to 

represent a 'production' unit, albeit using Rapid-Prototype components. 

Phase Three: Project Industrialisation Phase 

This phase also ran with some concurrency with the previous phase, but included milestones 

such as Design Freeze, First Trial Builds from 'off-tool' samples, Field Testing, Market 

Launch Plan, and Updated Financial Analysis. 

Phase Four: Project Evaluation 

This phase was simply an evaluation of the performance of the new product, starting with the 

Field Testing, detailed above, and concluding with the response of the Market Place to the 

new product. 

The Electrolux methodology also incorporated a 'stage gate' process as described by Cooper 

1993, and prescribed a 'template' for the introduction of new products. However, provided 

very little implementation guidance was provided for managers. The methodology was used 

by some Electrolux companies based in Sweden, but other group companies either totally 
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rejected it, paid 'lip service' to its implementation, or as in the case of Flymo designed their 

own processes. 

The author, together with a small group of senior managers in Flymo, developed a New 

Product Development methodology specifically for use in the Flymo organisation. The group 

consulted with each ftmction in the organisation in the design of the methodology, which 

helped to gain the ownership of the team players and created considerable enthusiasm and 

commitment to make it work. The methodology included: 

1. The design of an introduction 'template' split into four phases, which could be modified 

to suite the complexity of a particular project without changing the order of the activities. 

2. The definition of the objectives of each phase, and the activities within each phase. 

3. The definition of the roles of the key team players and team leader. 

4. The design and definition of the confrol documents used to monitor the progress of a 

project such as the project plan - Gantt chart, the product costing sheet and the capital 

investment (usually for mould tooling) sheet. 

Tools such as F.M.E.A., D.F.M., Q.F.D. and Value Engineering were included in the template 

with corresponding documentation for use by the team. The methodology and confrol 

documentation significantly reduced a number of problems experienced in the development of 

previous products, such as: 

1. Unclear project definitions and deliverables. 

2. Projects progressing without the above being agreed by the team. 

3. Unclear roles of departments and individuals. 
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4. Products designed and introduced without optimal use of expertise in the company. 

5. Products designed and introduced without optimal use of supplier's expertise. 

A major consumer durable manufacturer in the U.S.A (name not published due to conmiercial 

confidentiality) designed a 'Global Product Development System' for the development of power 

tools and outdoor products. The system again comprised of a Gantt chart template containing 

a number of generic activities for the development of a 'typical' product within the organisation. 

The activities were grouped into several phases requiring a 'sign-off by the management of the 

company, before the project could be authorised to proceed to the next phase. Before release to 

the next stage, evidence of phase completion would be presented by the team leader to the 

management - referred to in the system as a 'tollgate'. The process followed, very closely, the 

'stage gate' process developed by Cooper (1993). The use of standardised documents were used 

to provide project data updates, check lists showing which activities in a particular phase had 

been completed by the team, and costs and investment budgets were within the target limits of 

the project. Other standard documents included: 

1. The Design Guide - a broad product description used to guide the engineering 

team. 

2. QFD Plan - split into customer, manufacturing process and production assembly 

requirements. 

3. The Technical Feasibility document - produced by the engineering team in reply 

to the demands of the Design Guide requirements, highlighting any new 

technologies or processes used, together with indications of costs, and risks 

associated with the project. 
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4. hidustrial Design Proposal - A series of sketches indicating the visual style of the 

new product. 

5. Quality Review - An analysis of quality related problems with previous products 

in the same category, such as Failure-under-guarantee levels and line reject rates. 

6. Safety Assessment - an analysis of where the new product may pose a danger to 

the user or the assembly operator. 

7. Manufacturing Study - a report recommending manufacturing methods, 

equipment requirements and the 'make-or-buy' rational. 

8. Materials management Plan - a plan produced by the purchasing department 

showing the longest 'lead-times' for component procurements, and a list of 

preferred suppliers for the design team to involve in the deign work. 

9. Financial Appraisal - a financial review document showing the product costings, 

investments required and the projected profit and loss spreadsheet for the project 

over a period of time. 

10. Serviceability review - a summary document highlighting product service and 

repair issues with previous products in the same category. 

11. Patent Review - a document summarising new 'inventive' ideas, or highlighting 

risks of infiinging other manufacturers patents. 

12. Laboratory Test Plan - detailing the test regime required to prove fiinctional 

acceptance, how the tests will be carried out and which prototype model will be 

used. 

13. F.M.E.A. analysis - The results of the F.M.E.A. highlighting the potential failure 

modes of the new product, and the consequences of such a failure. 
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The above documents would be scheduled for completion and presentation at various tailgates 

in the project (Fig. 14), and used by the management team to enable a decision to be taken 

whether to proceed to the next stage. The final key 'tailgate' would be a release to the customer 

for use. 

Tollgate 1 Tollgate 2 Tollgate 3 Tollgate 4 Tollgate 5 Tollgate 6 Tollgate 7 Tollgate 8 Tollgate 9 

People Define Project Confirm Approve Commence Authorise first Authorise Release Post 

Allocation Requirements Feasibility Design Tooling production build full product to Project 

Production customer Review 

Fig. 14 NPD project 'Tollgate' Phases 

4.5.1 THE ROLE OF THE TEAM 

The team player in the NPD process, according to writers such as Poolton (1994), Hasslop 

(1996), Hartly (1991), and McDonough (2000) must be able to make decisions for the team, 

representing his/her department. They must therefore be 'empowered' by their respective 

departmental manager to do so. 

In supporting this Wheelwright (1991) argued that i f the team members are to truly represent 

their departmental fiinctions then it would be reasonable to expect that representative to have a 

detailed knowledge of the procedures, capabilities and responsibilities of their respective 

department. A team representative fi-om the purchasing department, for example, must have a 

detailed knowledge of sourcing tactics (order lead times and payment terms), key supplier 

capabilities (production volume build up and quality), and anticipated component usage on the 
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production line. The purchasing representative can also play a usefiil role in Value Engineering 

with the design team, and to provide a link for the design department with key technical experts 

from suppliers. 

In the development of the Garden Vac product for Flymo, the electric motor manufactures 

(Ciarramella, Italy) played a key role in the performance and cost development of the product. 

The purchasing representative in the team arranged joint visits to ensure that project objectives 

such as costs and timing were clarified to each component supplier. 

4.5.2 THE ROLE OF THE TEAM LEADER 

In describing the role of the Team Player Hartley etal(l99l) described the team leader as the 

overall project manger, who is responsible for the successful delivery in terms of timescales, cost 

and specification of the new product to market. The Team Leader was also responsible for 

'coaching' the team members to ensure that they interface together in the most efficient way, 

without allowing historical 'departmental barriers' to present obstacles in the project and assist 

the team to collectively resolve problems in the project. 

Smith et al described four skills required of a Team Leader: -

1. Leadership Skills 

The Team Leader must have Leadership Skills, and must be able to get the best from people by 

gaining their respect quickly. The Leader must be able to encourage, lead support and identify 

problems at an early stage in the project together with the solutions. 
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2. Vision Skills 

Visionary Skills refer to an awareness of what the new product will mean to the company, the 

customer and the competition. 

3. Technical Skills 

Technical Skills with regard to the product and the technologies involved in manufacturing it 

are required by the team leader. Although Engineering personnel often make excellent team 

leaders, care should be taken to avoid appointing a team leader who will focus or protect the 

activities in one functional area. 

4. Management Skills 

Management Skills or as described by Smith as Project Management Skills involving the 

detailed planning of the project, maintenance of check lists, resources, tracking charts and 

reports. 

A common view from the extant literature is the importance for the team leader to be aware of 

the need for effective communication skills both within the team and to senior management. It 

is therefore important for the team leader to communicate with the team in the form of regular 

team meetings by chairing the meetings, reviewing progress and discussing issues openly with 

the team. Fisher et al (1997) focuses on the importance of effective, bi-directional, 

communication in teamwork - especially between the Marketing and Engineering fiinctions, 

where the project goals are established. 
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Lettice (1995) argued that the team leader's primary responsibility is to encourage 

communications with the team and the rest of the organisation, including suppliers and 

customers. 

A view may also be taken that communication with customers and some suppliers may benefit 

from a degree of co-ordination within the team. For example, the responsibility for 

communications with key suppliers, may be better controlled, or at least overseen by the 

representative from the purchasing department. Co-ordination breakdown within the team may 

result in a number of conflicting requests to the supplier from a number of team members. 

Hartley et al (1991) described the interface role that the team leader must adopt with the 

fiinctional managers in the organisation to ensure that the resource required in the NPD project 

is not diverted to the 'day-to-day' tasks involved in running a department. 

From a study to define the degree of autonomy granted to the team leader by the senior 

management in an organisation, Hasslop (1996) concluded that: management in NPD today still 

retain control of the strategic tasks, whilst delegating the operational tasks to the team leader. 

Hasslop distinguishes four key stakeholders in NPD as: 

1. Senior Management 

2. Steering Committee 

3. Team Leader 

4. The Team 
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Haslop identified and lists tasks of'strategic' and 'operational' autonomy: 

STRATEGIC AUTONOMY 

Team Selection 

Team De-selection 

Budget Setting 

Project Selection Criteria 

Reward Team Success 

OPERATIONAL AUTONOMY 

Project Design 

Project Planning 

Project Scheduling 

Project Implementation 

Project Reviews 

Project Evaluation 

Project Deadlines 

hi discussing the selection of the team leader, Hasslop (1996) found that in over 80% of 

companies studied, members of tiie management team selected the team leaders, of which, 54% 

of the companies considered personal attributes, including psychometric testing, in the selection. 

From the above discussion, the Team Leader's role may be described as a co-ordinating member 

of a new product development team. The team leader manages the timely and cost effective 

completion of a project within the scope of a pre-agreed product design specification. He or she 

is essentially a project manager and should be able to guide the team to achieve common goals 

and milestones in the project without bias to any one functional department. The team leader will 

be the spokesman for the team to keep senior managers informed of the progress of the project 

and to present any issues, such as resource demand, that cannot be addressed by the team. The 

team leader must ensure that the team is adequately resourced and represented by all fiinctions 

e.g. 
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1. Engineering design 

2. Marketing 

3. Production engineering and tooling 

4. Materials management, plus any key suppliers 

5. Quality 

6. Accounts 

7. Production assembly 

4.5.3 THE ROLE OF SENIOR MANAGEMENT 

A company moving from a 'traditional' hierarchical management structure to a structure 

conducive to multifunctional empowered teams may experience some resistance to this change 

from the senior managers involved. Hartley etal{l99\) discussed the need for a 'commitment 

to change in an organisation which 'must have its roots among the senior management of the 

company'. Without this commitment and 'without a cultural upheaval, simultaneous engineering 

has little chance of success'. Hartley etal{\99\) also discussed the need for senior management 

in an organisation to play a supporting role and to act as an enabler to the team to achieve its 

goals. This involves creating the right environment for the team by: 

1. Empowering the team to decide how best to achieve their objectives. 

2. Exercising tolerance of some mistakes. 

Lettice (1995) discussed the importance of creating the right 'supportive' environment for the 

implementation of teamwork in an organisation and to ensure that the roles of each player are 
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understood. Lettice argued that: '...this is essentially a task for the senior management who must 

show commitment to the implementation of change in the organisation. Implementation often 

proceeds more smoothly i f the company can find a "champion at the top.' 

A number of authors argued that 'management' must also ensure that the team and its leader are 

adequately 'equipped' to carry out their tasks. By way of example, Baker (1997) highlighted the 

need for training for teams and team leaders, warning that the concept of self managed teams may 

not always be achieved overnight but if implemented correctiy improvements in productivity and 

morale can be achieved. 

4.6 'SUB GROUPS^ IN THE NPD TEAM 

The Sub-Group concept (team within a team) used in Flymo, expanded the role of a team player 

from 'departmental (functional) specific', to an 'inter-departmental (multi-fimctional) role, with 

the 'sub-group leader' gaining usefial experience for possible future 'team leader' roles. 

Examples of typical sub-groups used by Flymo during the development of a number of new 

products are shown in Fig. 15. In each 'sub group' members of the team were selected by the 

team leader to manage various key tasks in the project and report progress to the whole team at 

the monthly team meetings. Sub Group leaders assisted the team leader by having other 

members of the team managing specific, often specialised, tasks. 

The 'sub-group' principle was also described by Smith et al (1991) as 'Support Groups' where 

part-time specialists were used in a team to solve particular problems. 
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• SUBGROUP 
ORGANISATION 

PrOQJ 

TEAM LEADER 

Rirchasing Engineenng Marketing Production 

Se IV icing 

Fig. 15 Sub Group organisation used in Flymo Ltd. 

The 'sub groups' in Flymo operated as a small 'team within the main team' to address particular 

issues or tasks in the project. For example, a 'sub group' could be established within the team 

to ensure that the product packaging was delivered on time to an acceptable specification and 

cost. The design of packaging for consumer durable products was quite critical for companies 

like Flymo, and Kenwwood, which involved a number of fimctional activities, co-ordinated by 

a 'Sub Group Leader'. The packaging for the Kenwood 'Cuisine' Food Mixer, for example, had 

the following activities controlled by a Packaging Sub-Group, headed by a Sub-Group Leader 

from the Purchasing Department in the company: 
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1. Establish packaging requirements from prototypes and 'Drop Test' criteria. 

Action: Design Engineering, Marketing. 

2. Establish Printing requirements and Point Of Sale messages. 

Action: Marketing, Industrial Design and Lithographic Printers. 

3. Agree manufacturing methods. 

Action: Production Engineering. 

4. Organise the timing for international product launches. 

Action: Sales, Translator. 

A l l of the above activities were co-ordinated with the packaging manufacturer, with the sub

group leader responsible for the successful implementation of this portion of the overall project. 

4.7 T E A M W O R K IMPLEMENTATION ISSUES 

As well as literature supporting the need to develop a 'teamwork culture' in the new product 

development process, issues associated with the change from the hierarchical structure a structure 

conducive to teamwork were also identified. 

The literature review revealed instances of senior 'departmental' managers outwardly embracing 

teamwork but believing it to be the responsibility of the 'other departments' to sort out. Arther 

(1994) described how some traditional departmental managers often resist loosing total 
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controlling authority of people reporting to them, in a functional sense, to a team leader. This 

must be recognised by the senior management when setting objectives for departmental 

managers. 

Strong views are also portrayed in a marketing book by Jobber (1995) who whilst asserting the 

'Importance of teamwork' argued that: 

"The challenge is to prevent technical people developing only things that interest them 

professionally, and to get them to understand the realities of the market place " 

In a similar way Bawdawy (1987) discussed cases where some product designers viewed the 

involvement of multi-functional team as 'contaminating' the product design and therefore 

resisted input from other functions. Bawdawy explained that: 'Designers often find the 

persistence of other members of the team to: reduce costs, modify the specification or remove 

an 'over engineered' feature as an irritation, unless the benefits are clearly explained to them by 

the team leader or their senior manager.' 

In a similar way. Brooks (1980) discussed functional team members, as well as designers, often 

viewing a multi-functional intervention as an irritation. He claimed that this was a common 

excuse used to avoid the need to involve others, is that ' i t wastes time', which may be indicative 

of poor understanding of the role of teams in an organisation. 

Many organisations have R&D centres in different geographical locations, sometimes different 

countries fi-om the assembly plants, with the sales and marketing functions in another location. 

By way of example. Hartley et al (1991) discussed problems associated with diverse 
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geographical locations and regular team communication arguing that co-location of the team may 

help to improve the team's ability to work together. Alternatively, new technologies such as 

video conferencing are helping many organisations to keep in touch with their people around the 

world. 

With regards to supplier involvement, Bonaccorsi et al (1994), claimed that key suppliers to an 

organisation might not be comfortable with an 'open book' teamwork relationship, without 

understanding and sharing in the mutual benefits. This is exacerbated i f there was a mutual 

distrust between supplier and producer. Supplier relationships would need development, which 

may take time i f the producer has historically dominated the supplier with demands and threats. 

Perry (1997), argued that: '...some functional managers do not always empower their people 

which prevents the team members making decisions without consultation back to their manager, 

thus wasting time. Also, individuals may not want to take the responsibility for fear of regression 

and therefore need support and encouragement from their senior managers. Griffith also argued 

that one reason why teams fail is because of senior management failure to work well together. 

Bums et al (1995) also made the point that 'no concern, it is safe to say, is without political or 

social conflicts which generate, or contribute to, manifest inefficiencies of communication within 

a working organisation.' 

In order to create a climate for irmovation and to build an enduring company Ahamed (1998) 

recognised that it is vitally important for senior management to understand the 'soft side' of the 

organisation. Poolton (1994) also cites examples where teamwork fails in some organisations 

because of poor support and preparation by the senior management in a firm and their failure to 
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recognise the 'softer' or psychological aspects of the organisation. A common problem 

recognised by Pooton was the interface between the Sales team members and the Design 

Engineering team. 

Some companies have initiated programs to radically change the way in which they operate, to 

improve their performance. Hammer et al (1993) presented a methodology of Business Process 

Re-Engineering to maximise the efficiency of an organisation, which includes the methods used 

to develop new products. The methodology involved a complete 'rethink' of the stages involved 

in a process-, which may have evolved in an organisation over a long period, which may now be 

outdated. The managing director of Flymo issued copies of Hammer's book to all of the senior 

mangers in the organisation however few managers embraced the concept. 

According to Drago et al (1997) Business Process Re-Engineering was 'oversold' and has failed; 

claiming that even Hammer has 'had a change of heart'. Drago focused on problems such as: 

low morale, declining performance, discrepancies in the performance across a company and 

threats to core competencies. Morgan et al (1997) stated that: 'Change is a slow process and that 

change needs to be sustained', concluding that: 'change leaders should constantly challenge 

people to test, recalibrate and improve their processes.' Perry (1997) argued that a change over 

to a teamwork culture is likely to meet with some resistance and that management must help the 

team to develop their skills to perform efficiently. 

Eby et al (1997) asserts that there is little empirical evidence to assist practitioners in team 

implementation initiatives and that there is a limitation in existing research to provide practical 
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guidance and evidence. This research will attempt to provide empirical data fi-om case studies 

in teamwork NPD projects. 

4.8 TOOLS T O ASSIST T E A M W O R K IN NEW PRODUCT D E V E L O P M E N T 

A number of 'tools' have been developed over the years, mainly by the Japanese, to assist 

multifunctional teams to carry out investigations to improve product quality and cost 

effectiveness of the new product. Some of the most popular will be briefly discussed in this next 

section. 

4.8.1 Q U A L I T Y FUNCTION D E P L O Y M E N T (O.F.D.) 

First used in the Kobe Shipyards Japan in 1972, Quality Function Deployment is a translation 

of six Kanji characters (Japanese characters) Hin Shitsu K i No Ten Kai, which describes a 

process of 'deploying' the voice of the customer into a new product design specification and 

deliverables. Yoji Akao is widely regarded as the father of QFD and his work led to its first 

implementation at the Mitsubishi Heavy Industiies Kobe Shipyard in 1972. The interest in QFD 

in the West was stimulated by reports of the achievements made by Toyota through its 

application between 1977 and 1984. These included a reduction in product development costs 

by 61%, a decrease in the development cycle by one third and the virtual elimination of rust 

related warranty problems. 

Yoji Akao defined QFD as ".. .a method for developing a design quality aimed at satisfying the 

consumer and then translating the consumer's demands into design targets and major quality 
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assurance points to be used throughout the production phase". 

It is beyond the scope of this work to provide a comprehensive tutorial for the use and 

implementation of QFD, which often benefits from a 'workshop' style of learning requiring a 

number of practical examples to fully illustrate the methodology. The main features of QFD are 

its focus on meeting customer needs through the use of their actual statements, termed the "Voice 

of the Customer". It facilitates multidisciplinary teamwork and the use of a comprehensive 

matrix for documenting information, perceptions and decisions. This matrix is commonly 

referred to as the Kawakita Jiro or the "House of Quality", and is often perceived to represent 

QFD in its entirety. 

The QFD technique is designed to highlight the attributes of customers' requirements, and then 

to explore the most efficient way of 'deploying' those requirements into a new product. Today 

many companies use QFD in the development of new products and as a tool to improve existing 

products. Toyota, for example used a QFD process to help reduce a car's susceptibility to rust. 

Other practitioners include: The Ford Motor Company, General Motors, Nissan, BMW and 

Rover, together with many consumer durable manufacturers such as Electrolux, Flymo, Black 

& Decker and Hitachi. QFD is also used in the electronics industries and defence industries to 

assist the product development teams to clearly define improvement objectives for the product 

designers to implement. 

Wight (1993) provided a checklist for industrial operational excellence, which included new 

product development, to help managers to constantly monitor the progress and effectiveness of 

NPD teams. Wight referred to team tools such as Quality Function Deployment (QFD) to, not 
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only assist the team to derive the true requirements of the customer, but to also assist the team 

to work together. Ginn et al (1998) discussed the link between QFD and FMEA, which were 

viewed as more than just technical tools but are in practice communication tools that act as a 

catalyst to spark off teamwork. Ginn argued that, i f QFD and FMEA were used together, they 

enable company wide cross-fiinctional teams to share like-minded goals. Moreover, there is no 

reason why multi-disciplinary teams involved in QFD and FMEA, cannot be one and the same. 

Ginn claimed that it is the interaction of the two tools that supports the argument - FMEA can 

be used as a design and planning tool, with QFD, while QFD can be used as a problem solving 

tool, with FMEA. 

4.8.2 F A I L U R E MODE AND E F F E C T S ANALYSIS - F.M.E.A. 

FMEA is an analytical technique to establish failure weaknesses in a product or new product 

proposal or process. It is a technique whereby a number o f ' what-if scenarios are presented to 

a team of people involved in the development of a new product or process, for fiarther analysis. 

FMEA is usually conducted as a 'brainstorm' type session with the intention of highlighting all 

of the possible modes in which a product or process can go wrong, structurally fail or lead to 

disappointment and misunderstanding of the value of the product to the customer. The 'failure 

modes' are then assessed in terms of severity, followed by suggested corrective action. An 

FMEA investigation can be carried out from a number of viewpoints: 
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1. DESIGN FMEA - An investigation questioning the design construction and function 

of a complete new product. 

2. COMPONENT FMEA - An Investigation questioning the suitability of the individual 

components comprising the complete product. 

3. PROCESS FMEA - An investigation questioning the processes involved in the 

manufacture and build of a product. 

4.8,3 DESIGN FOR MANUFACTURE - DFM 

Design For Manufacturing (DFM) is a technique used in manufacturing industry to encourage 

a design team to consider appropriate manufacturing methods and capability of the organisation, 

in the development of a new product. It is a multi-disciplinary exercise where the accountability 

for ensuring the product can be manufactured in the most efficient manner involves 

manufacturing personnel involvement as well as designers. Nissan, frequentiy invite their 

suppliers (guest engineers) to DFM meetings to ensure key sub-assemblies are mutually suitable 

for incorporation in their new vehicles. 

104 



4.9 CONCLUSIONS FROM THIS C H A P T E R 

A popular theme identified in the extant literature on the New Product Development was the use 

of multi fiinctional teams in the process, with the following cited as being some of the benefits: 

1. Reduced Time to Market. 

2. hnproved product Quality. 

3. Reduced development costs. 

Very little evidence was provided in the literature to support the above claims with no consistent 

measurement methodology presented. It was identified that many tools such as FMEA and DFM, 

provide additional benefits when conducted within a multifiinctional environment however, there 

was no clear method identified to quantify the benefits. It was clear that in order to provide the 

best environment for teamwork an organisation must review its structure carefiiUy and clearly 

define roles of all of the team players, including fiinctional managers. It was also concluded that 

a multifianctional teamwork implementation usually requires a complete review of the NPD 

methodology used in a company however, again, there was no clear method identified how to 

quantify the effects of changes in NPD methodologies. NPD measurement methods are 

addressed later in this research. 

Potential issues were identified with regard to the 'cultural changes' required to accommodate 

a multifiinctional way of working which included associated changes in the roles of fiinctional 

managers. Many companies have minimised 'cultural change' issues by involving fimctional 

managers in the design of a new multifiinctional NPD methodology. 
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C H A P T E R F I V E 

NPD M E T H O D O L O G Y AND P R O J E C T MANAGEMENT 

5.1 INTRODUCTION 

From the literature review, there were many reasons postulated to explain the cause of 

delays in NPD projects attributed to poor methodology. Traditional 'over-the-wall' 

techniques were identified as inefficient, with multi-fiinctional teams or Simultaneous 

Engineering cited as the most efficient resource structure to minimize NPD infroduction 

time. A great deal of literature has also been published about the claimed benefits of 

using 'strategic tools' in NPD such as FMEA, DFM, VE, QFD, Design for Six Sigma 

(see glossary for definitions) to reduce the causes of project delays and improve product 

quality. However, Cooper (1993) argued that NPD project teams and the 'tools' they use, 

must also have a suitable Project Management system in order to ensure successful 

delivery of a new product. Cooper (1993) therefore commercialised a project 

management system called Stage Gateg, which divides a project up into a series of 

manageable stages defined by milestone checkpoints. Each checkpoint or Stage Gatej, is 

configured in a Gantt Chart plan together with control documentation to ensure that the 

key activities between each checkpoint are properly planned and executed before the 

project is allowed to progress to the next Stage Gates. Many consumer durable 

manufacturers have adopted project management systems similar to Cooper's Stage Gate^ 
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technique. For example Black and Decker use a system called 'Toll Gate', whilst Flymo 

call their PM system Product Introduction Control (PIC). 

A popular theme from the review of previous work was that NPD projects benefit from 

the application of multi fimctional structures using various sfrategic 'tools', with a 

contextually appropriate project management system. The collective application of 

Human Resource Structures, Strategic Tools and Project Management techniques are 

referred to here, as the NPD methodology, which may be defined as: 

' A business process employed to ensure the successful delivery of new products through 

the organisation of people using supporting tools, within the scope of a Project 

Management system.' (Author) 

Wheelwright et al (1995) and Cooper (1993) have argued that teamwork, project 

management and supporting tools such as FMEA provide 'mutually supporting' benefits 

to a project. By way of example FMEA and DFM studies may benefit from the 

involvement of a multifunctional contribution, planned at a strategic time in a project. 

Alternatively, teamwork in a project may be enhanced through structured investigations 

such as QFD. The author has depicted the three mutually supporting members of an NPD 

Methodology in an NPD Collective Triangle shown graphically in Fig. 16. 
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HUMAN RESORCE 
STRUCTURE 

PROJECT MANAMENT 
SYSTEM 

NPD 
METHODOLOGY 

STRATEGIC TOOLS 

Fig. 16. Mutually supporting members of the NPD collective triangle. (Author) 

5.2 NPD P R O J E C T MANAGEMENT S Y S T E M 

The subject of teamwork and supporting tools have already been discussed in this 

research therefore the role of Project Management wil l now be reviewed. The definition 

of Project Management may be derived fi-om the definition of a project. I f a Project is 

defined as: 
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'An individual or collaborative enterprise that is carefully planned and designed to 

achieve a particular aim.' (Oxford Dictionary) then, Project Management may be 

defined as: 

'The planning, design and coordination of an individual or collective enterprise to ensure 

that a particular aim is achieved. " 

This section has been included in order to identify the requirements of a robust Project 

Management System as part of a collective NPD methodology. Consistent with many 

authors such as Cooper (1993), Jobber (1995), Cooper (1993) and Smith et al (1991), a 

'Project Management System is used to monitor and track the course of a project and 

define its deliverables. The objective is to ensure that the new product is delivered on 

time, to specification and within financial constraints of a pre-defined business plan.' 

It is clear from the literature review that many NPD projects benefit from the use of 

multi-functional teams. However, according to Randolph et al (1992), 'Without the 

application of some basic project management techniques projects are likely to fail to 

deliver all or some of their objectives. Moreover, poor communication within the NPD 

team can create a misunderstanding of the deliverables and cost targets causing delays in 

launching a product. Therefore, a Project Management System should provide adequate 

communication media in the way of control documentation with regular meetings chaired 

by a project manager, or Team Leader, to discuss their content.' The control 

documentation according to Randolph et al (1992) may include some or all of the 

following: -
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1. A Project Plan containing a critical path analysis. 

2. Product deliverables and Specification list. 

3. Product Cost status spreadsheet. 

4. Capital investment status spreadsheet. 

5. 'Issues and actions' document. 

6. Team member list and contact details. 

7. Business Plan. 

8. Resource planning with appropriate management protocols must be applied. 

In support of the above, Jeffrey et al (2003) argued that: 

"Planning provides a NPD team with detailed rules and procedures to follow by 

specifying activities to be performed and the obstacles to be overcome. Details such as 

product specification, well-defined target markets and suitable technologies need to be 

identified and managed. " 

Jeffrey et al (2003) researched links between Project Management characteristics and 

New Product survival and concluded that: 'Firms can improve cross-functional 

integration and plarming through various project management practices'. His study 

confirmed links in the extant literature between situational (project management) 

dimensions, structural dimensions and outcome dimensions of NPD. 

It is interesting to see the link between 'good project management techniques' and 

creating an environment conducive to 'multi-fimctional teamwork'. This is a view 

supported by the author on the basis that NPD teams may differ substantially in their 
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experience in developing new products and may benefit from the establishment of some 

'ground rules' to help with the planning of the project. Maffin (1996) also supported the 

'mutually supporting link' of teamwork and project management methods as part of an 

NPD methodology and asserted the need for companies to select a project management 

system 'within a contextual framework' appropriate to the organisation concerned. 

In a similar way, Reinertsen (1991) stressed the importance of applying appropriate 

project management techniques in New Product Development projects to achieve the 

desired outcome. He also identified the following parameters for close control by project 

managers to ensure successful NPD performance: -

1. Product specifications should be written jointly between design and marketing 

functions. 

2. There is a clear need for a project plan for the NPD project that has had the 

involvement of the whole team in its construction. 

3. NPD projects wil l benefit from clear control documentation to monitor and report 

to senior management the status of a project. 

Case studies have shown that, even when an NPD project has multi-functional 

participation, there is a need for clear planning and control of various aspects of the 

project to ensure that the product is delivered successfully. This includes the control 

documentation proposed by Randolph et al (1992) discussed above. 
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Many authors such as Smith (1991), Randolph (1991) and Hartley et al (1992) 

recommended that organisations develop a Gantt chart template for the introduction of 

new products. This is to ensure that the activities of each function are not omitted and are 

appropriately plaimed in each project undertaken without the need to plan each project 

from scratch. 

A well-designed project management system can help to promote efficient 

communication within a team during a project, according to Randolph et al (1992) who 

also emphasised the need for management to: 

"Set clear goals for project teams and to ensure that project deliverables are 

communicated to the whole team. Moreover it is also vital that the whole team are 

committed to project deliverables and time-scales. In order to achieve this there must be 

clear communications established in a NPD team supported by a robust project 

management system." 

Cooper (1993) stressed that team participation in the planning and specification of the 

new product is essential to ensure joint ownership of the project objectives is established. 

Without the team involvement, Smith et al (1991) argued that it is difficult to get the 

team to 'sign up' to the deliverables of the project and often leads to a 'Fuzzy Front End' 

with the associated risk of time delays. 

In a similar theme, Jobber (1995) claimed that one of the causes of delays in NPD 

projects is the failure of the NPD team to clearly establish and agree the project 
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deliverables in a timely and controlled way. However, difficulties often arise between 

the Engineering and the Marketing team members in deciding who is responsible for 

writing the 'product design specification'. In discussing this question, Jobber (1995) 

reports that this often leads to conflict between the two ftinctions. 

The author has also experienced some NPD projects where 'deadlock' existed between 

and the Engineering and the Marketing team members and the whole project was delayed 

in starting. Conflicts often arise and each fiinction may take the view that it is the other 

one's responsibility to provide the 'product design brief. Case studies have shown that 

even when the 'product design brief document existed, the specification was changed so 

many times (specification changes) that it became difficult to identify the current status 

of the project. Many authors, such as Smith et al (1991) have described this as the Fuzzy 

Front End and one of the main causes of delays in NPD projects. To avoid the Fuzzy 

Front End Randolph et al (1992) recommended the formulation of a project management 

documentation system to provide a basis for control by the project manager. The control 

documentation may be used to define the agreed objectives, project deliverables and 

target costs / dates of the project. 
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5.3 PROJECT MANAGEMENT CONTROL DOCUMENTATION 

Following the above discussion, it was decided to configure a pack of control 

documentation for use in case studies. The following NPD KPIs, identified earlier in this 

study, are listed together with an appropriate Project Management vehicle to assist their 

control in a project: 

1. Accuracy of Launch - This KPI gives an indication of how accurately a project 

was launched with respect to a planned launch date. The vehicle for monitoring 

this parameter is a project plan. A Gantt chart project plan is also beneficial to 

help a Project Manager to coordinate all of the activities in the project and to 

identify the 'critical path' to launch. The plan may include key milestones and 

activities in a project and who is accountable for each activity. 

2. Product Costs - The project management vehicle to monitor this parameter could 

be a simple spreadsheet to monitor the status of product costs during the project. 

The document will also show the 'make up' detail of the product costs such as 

materials, labour, royalties and overheads etc. 

3. Capital Costs - again a simple spreadsheet may be used to monitor the status of 

product Capital costs during the project. As discussed earlier, this is essentially 

the cost for tooling but may contain other capital investments such as patent, 

approvals, assembly equipment and advertising. 

4. The Project Deliverables - a document 'vehicle' to monitor and report the status 

of the project deliverables is useful to avoid misunderstandings of the objectives. 
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A Summary Sheet showing the key parameters from the above documents will also be 

included as part of the NPD product pack. The summary sheet is useful for presentations 

to senior managers who may only be interested in the key details when reviewing many 

projects at a time: -

5. NPD Summary Sheet - This is a 'single sheet' document detailing, in a very 

concise way, the specification deliverables of the product, costing and investment 

targets and key dates in the project on one sheet of paper. This sheet could be 

used as an 'overhead' summary of the project for the NPD team and senior 

management meetings showing the essential data. 

The NPD Product Pack project control documents are shown in Fig. 17. 
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COSTING S H E E T 

Material £ 

Labour £ 

Overhead £ 

Other £ 

Total £ 

SPECIFICATION 
DELIVERABLES 

1 
2 
3 
4 
5 
6 
7 

NPD SUMMARY 

TOTAL COST 

BRIEF S P E C . 

CAPUTAL REQ. 

BUSINESS PLAN 

KEY DATES 

• 

CAPITAL 
INVESTMENT 

BUSINESS PLAN INTRODUCTION PLAN 

Fig. 17 NPD Product Pack project control documents. 

As suggested by Hartley et al (1992) the Project Plan may derive from a 'template' Gantt 

Chart identifying the critical activities for the development of the new product, including 

the key milestones. By way of example, the NPD project template shown in Fig. 18 and 

Fig. 19 used by a consumer durable company splits the project up into PHASES. Splitting 

the project into phases enables a project manager to understand and communicate to 

senior managers the progress of the project. In the example shown each phase has a 

specific objective in the project with defining notes printed for the guidance of the user. 
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Examples are also shown of project control documentation Fig.20 to Fig.24 fi-om an 

industrial product manufacturer. 

(The commercial details in the following documents have been disguised or erased for 

display in the public domain) 
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NEW P R O J E C T T O O L I N G C A P I T A L 
P R O J E C T L E A D E R 

B . L a n e 
iUABKETIMS 
U . Whita 

New Filter R a n g e 
4UALITV 

P R O J E C T No. 

10077 09n2;2002 ENGINEERING 

S . B i t t l * D. McMillan A. B ishop 
P U n t H A S l N S 

. Brown 
AUSlS 

M . J o n e s 
MtWUFACTUBIUS 
P . J o b a s 
P. Pflwtgn 

5CHC&ULIH5 
K.Laybourna 
(^Arthur 

R e v No Auth C a o e x A m o u n t Actua l to Dale B a l a n c e 

D E S C R I P T I O N E S T I M A T E A C T U A L C A P E X No 

Prototype Tool ing 
C O N F I D E N T I A L 

IDD 0317 
Head Too l ing C O N F I D E N T I A L 

S I Z E 1 H E A D 201183010 

C O N F I D E N T I A L 

C O N F I D E N T I A L S I Z E 1 H E A D Mod. Main Dia. 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

S I Z E 2 H E A D 201183020 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

B S P P C O R E S 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

S I Z E 3 H E A D 201183030 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

B S P T thread c o r e s and g a u g e s 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

B o w l tooling 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

S I Z E 1 B O W L 201183015 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

Foolproof ing ribs 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

S I Z E 2 B O W L 201183025 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

Foolproof ing r ibs 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

S I Z E 3 B O W L 201183035 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

Foolproof ing ribs and wal l s e c t 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

Locat ion indicator on bowls 

C O N F I D E N T I A L 

C O N F I D E N T I A L 

P r e s s u r e test adapte rs s i z e 1 & 2 

C O N F I D E N T I A L 

p r e s s u r e test rig s ize 3(50%) 

C O N F I D E N T I A L 

R e m o v a l of Locat ion indicator 

C O N F I D E N T I A L C O N F I D E N T I A L 

DP Monitor s i z e 2 to 5 

C O N F I D E N T I A L 

C l e a r c o v e r 

C O N F I D E N T I A L 

B a s e 

C O N F I D E N T I A L 

Pivot Plate 

C O N F I D E N T I A L 

Pointer 

C O N F I D E N T I A L 

Magnet Mod 

C O N F I D E N T I A L 

Magnet tool 

C O N F I D E N T I A L C O N F I D E N T I A L 

DPM Internals Tool ing 

C O N F I D E N T I A L 

DPM S e n s o r E n d c a p 

C O N F I D E N T I A L 

Alter locat ion p o s t s on E n d c a p 

C O N F I D E N T I A L 

Mods to support vanes & drive dogs 

C O N F I D E N T I A L C O N F I D E N T I A L 

Top E n d c a p s 

C O N F I D E N T I A L 

S i z e 1 T o p E n d c a p 

C O N F I D E N T I A L 

Des ign Mods and B i r k b y s c h a n g e 

C O N F I D E N T I A L C O N F I D E N T I A L 

Size 2 Top E n d c a p 

C O N F I D E N T I A L 

Des ign M o d s and B i r k b y s c h a n g e 

C O N F I D E N T I A L 

Mods to support vanes & drive dogs 

C O N F I D E N T I A L 

Add dh logo 

C O N F I D E N T I A L C O N F I D E N T I A L 

•Size 3 Top E n d c a p 

C O N F I D E N T I A L 

Des ign Mods and B i r k b y s c h a n g e 

C O N F I D E N T I A L 

Mods to support vanes & drive dogs 

C O N F I D E N T I A L 

Add dh logo 
Add location dowel/weld detail 
New insert, Elbow cover vane tangs 

Fig.24 NPD Capital Spend Sheet example 
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5.4 CONCLUSIONS FROM THIS CHAPTER 

It was concluded from the review of the extant literature, on the NPD process, that 

effective Project Management techniques could provide the following benefits to a multi 

frinctional teamwork project: 

1. Clarification of project objectives and deliverables to the team. 

2. Agreement of project objectives and deliverables to the senior management. 

3. Clarification of individual roles and timing of involvement in a project. 

4. Communications of progress of a project and identification of the 'critical path' 

activities within the team. 

5. An overall methodology for the introduction of future projects and therefore a 

familiarity with the NPD process. 

6. Reduced infroduction period due to fewer misunderstandings (Fuzzy front end) 

within the team and key stakeholders of the project. 

7. Improved confidence, teamwork and morale in the team due to a feeling of 'being 

in control'. 

8. Efficient use of human resource. 

9. Better confrol of product costs during the project. 

10. Better control of investment capital in a project. 

It is recognised that NPD projects need to be effectively managed by suitably qualified 

people working to a contextually appropriate methodology. Without appropriate control 

and optimisation of the project plan, it would be difficult to quantify process 
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improvements due to other initiatives. Consistent Project Management techniques 

provide a degree of control, in the scientific sense, for case study experiments thus 

enabling new techniques to be evaluated and their effects quantified. By way of example 

it would be difficult to measure the effectiveness, of reducing delays in a project, by 

employing Rapid Prototyping cycles, without establishing a consistent introduction 

process and KPIs. 

Case studies conducted by the author also suggest that effective Project Management 

techniques enhance the confidence of a team, particularly when time scales are tight or 

difficulties occur. The enhanced confidence also leads to enhanced teamwork and 

cooperation within the team. 
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CHAPTER SIX 

RAPID PROTOTYPING 

6.1 PROTOYPING IN THE NPD PROCESS 

Prototyping in New Product Development is an activity traditionally used to evaluate a 

conceptual idea through the realisation and testing of a working model. Clark et al (1993) 

discussed the benefits of prototj^jing in the N.P.D. process whereby machined or 'hand 

fabricated' representations of the finished product, or its component parts, are produced to 

'verify' fit, form eind function. Clark described a series of 'prototyping cycles' in the NPD 

process to represent the status of a product proposal though the various stages of 

development, in which the development engineer would progressively 'develop' a new 

product through incremental modifications to the prototype. 

Traditional prototype components, relying upon 'human' interpretation of a two dimensional 

engineering drawing, are often time consuming to produce and may lack the accuracy of a 

production 'tooled' part. Also, prototype model makers (skilled machinists and 

craftspersons) occasionally 'mask' small errors and imperfections in the components 

described in the engineering drawings in order to achieve better fit, form and function. By 

doing so the designer may not identify the imperfections until the production 'off-tool' parts 

are produced. 

To provide a complete set of traditional prototype parts for a consumer product such as a 

power tool or kitchen appliance, may be very time consuming and costly. The problem is 

further exacerbated with modem Industrial Design aesthetic trends, incorporating many 
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complex intersecting 'soft' curves and surfaces which, whilst pleasing to the eye, are difficult 

to describe on two dimensional drawings required for the fabrication of prototype models. 

Therefore, for the reasons described above, traditional prototyping methods may not always 

provide a fast and accurate way for NPD teams to evaluate a product concept proposal. 

Traditional prototype models, according to Wheelwright (1993), are occasionally produced to 

test a specific fianction of a product, which may be an activity confined to the engineering 

domain only. Case studies, conducted by the author, have shown that 'multi-fimctional 

activities' such as DFM, FMEA and Value Engineering studies had only been partly 

completed because the prototype components were not 'fiiUy representative' of the 

component described on the CAD machine. Some case studies have required FMEA 

investigations to be repeated from 'off tool' parts, or were not carried out at all because of the 

poor accuracy of prototype models. 

Rapid Prototype (RP) components offer a solution to the problems described above. RP 

methods provide an opportunity to produce dimensionally accurate components, described in 

a three dimensional computer generated (CAD) model, within days of the completion of the 

geometry. RP models have therefore allowed design engineers to quickly and accurately 

verify 'fit and form' and 'clash detection' before the commitment of production tooling. 

Rapid Prototyping was developed in the late 1980's to offer a fast way of producing 

prototype components representing a high fidelity facsimile of a three dimensional CAD 

drawing, without the need for human interpretation, thus allowing potential faults in a design 

concept to be revealed and corrected efficiently. 
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According to Kidd (1996), Rapid Prototyping in recent years (since 1990) has provided a 

number of distinct advantages over traditional prototyping methods, including: -

1. Faster production of complex geometry prototype components. 

2. The potential for improved precision of complex geometry prototypes compared to 

traditional prototyping methods. 

Venus (1996), however identified some cautions for NPD teams to be aware of when 

including RP prototypes in a project, such as: -

1. Rapid Prototyping is still an expensive process. 

2. The prototyping materials may not always replicate the mechanical properties of the 

intended production material. 

3. Rapid Prototyping activities may be required in addition to traditional methods, thus 

adding time and cost to the project. 

Much of the available literature describing the benefits of using Rapid Prototyping in product 

development is anecdotal in nature, produced by practitioners with a commercial interest in 

the technology. Although a great deal has been written about the technology itself, which is 

not a key consideration in this work, very little evidence has been presented about the ability 

of Rapid Prototyping to 'add value' and save cost in a new product development project. 
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6.2 BRIEF HISTORY OF RAPID PROTOTYPING 

Traditional prototyping methods involve machining as a subtractive process, starting with a 

solid piece of material. A skilled machinist must then carefully remove material until the 

desired geometry is achieved. For a complex part, this is a time consuming and expensive 

process. Occasionally some components are so complex that they are cost prohibitive to be 

machined, compared to the cost of tooling the component. Rapid Prototyping is a method in 

which a physical component part is created using a layer-additive process. Using specialised 

software, a 3-D CAD model is divided into very thin layers or cross-sections. Then, 

depending on the specific method used, an automated Rapid Prototyping machine constructs 

the part layer by layer until a solid replica of the CAD model is generated. Material selection 

for the component depends upon the RP method used. 

Charles Hull developed one of the first solid-imaging RP systems in 1984 in a back-room lab 

while working for a company in California that made ultraviolet lamps. Some of the lamps 

were used to treat special coatings that harden when exposed to ultraviolet light. By 

extending the process, Hull realised that he could make solid objects from light-cured 

plastics. Labouring long nights and weekends, he finally engineered a computer-guided light 

beam system to scan in a precise pattern on the surface of a basin containing a polymer resin. 

After the jittering beam solidified a thin layer of plastic, a platform just below the surface 

dropped a fraction of a millimeter, submerging the layer under another coat of polymer, and 

the procedure repeated itself Finally with the topmost layer hardened, the platform 

automatically rose completely, revealing Hull's first creation: a translucent, bluish, inch-tall 

cup. Hull dubbed the process stereolithography, meaning roughly "printing in three 

dimensions." 
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When Hull unveiled his machine at a Detroit engineering show in 1987, designers from a 

cross section of industries realised the benefits in the design of consumer and automotive 

components. Compared with traditional prototyping, which required skilled craftsmen, to 

carve wood, sculpt clay or machine steel, stereolithography presented great time saving 

potential. RP systems have the capability to translate a computer model of a camshaft or a 

hair dyer into a three-dimensional prototype in hours rather than weeks. Soon after the 

discovery by Hull, designers from industry and medicine applied the technique to automotive 

products, consumer products, drainpipes, dentures, heart valves and military products. 

Today, most consumer products are developed using prototypes produced using 

stereolithography (SLA) or Selective Laser Sintering (SLS) methods. These RP processes 

have the potential of reducing the time for Prototyping Cycles, thereby shortening the 

development process compared to fraditional methods as described by Clark et al 1994. 

Another advantage provided by the RP software file (SLA file) is the ability to electronically 

transfer data from a CAD station in one location (e.g. a designer's desk), to a RP machine in 

another remote location. This allows a design engineer to remain at his workstation, located 

in his company, whilst fransferring the STL file via telephone lines, to specialised RP 

bureaux. 

6.3 EXAMPLES OF RAPID PROTOTYPING TECHNOLOGIES 

6.3.1 Stereolithography (SLA) 

As described briefly above Stereolithography employs a CAD controlled laser, which draws 

a cross-section of a component on the surface of a bath of photosensitive resin. The laser 

partially cures the resin and thus produces a thin layer of solid material. The process 
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commences by positioning a support table just below the surface of the resin so that the first 

layer drawn adheres to the table. After each layer is completed, the table lowers by a small 

increment, exposing another thin layer of resin, which can be cured. In this way a solid 

model slowly builds up in the bath of resin. In order for the model to be removed from the 

table, the first layer consists of a fine lattice of resin. As the model develops in the resin bath, 

overhanging sections can present structural problems. To prevent the collapse of the 

structure, supports in the form of a lattice are provided for the layers and are removed from 

the object after the final curing. After the model is complete, it is removed from the bath, 

cleaned by removing excess resin, and then baked in an ulfra-violet oven. Stereolithography, 

or SLA, therefore creates a 3-D object, or physical model, directly from a CAD drawing 

without the need for human interpretation of engineering data. 

The end product is an exact physical model, or prototype, of the 3-D drawing providing 

designers, engineers, manufacturers, sales managers, marketing directors, and prospective 

customers the opportunity to handle the proposed new product. In this way, design flaws can 

be quickly identified and corrected providing companies with a quick engineering solution. 

The process can be held to tolerances of +/- 0.005/inch. The resulting parts are sfrong enough 

to be snapped together, drilled and tapped, finished and painted, and built into assemblies. 

They can also be used as mould patterns for casting parts in a variety of materials. 

6.3.2 Selective Laser Sintering (SLS) 

This process employs a powder instead of a resin, which can be fiased by heat. The RP model 

is again constructed, from a CAD model, on a platform, which is situated within a horizontal 

platen in a SLS machine. The platform is incrementally lowered so that a very shallow recess 
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is formed between platform and platen. A roller then spreads the powder, the laser scans the 

surface, and the process is repeated. There is generally no need for additional supports to be 

provided for overhangs, because unfused powder fulfils this function. No other finishing 

process is required, and very little 'dressing' of the model is required. Currently, materials 

such as polycarbonate, nylon and wax powders are capable of SLS prototyping, with metal 

powders under development. The models can be filed, carved, painted or sprayed. The latest 

generation of Selective Laser Sintering (SLS) machines provide the ability to build parts in 

both engineering type resins as well as disposable foundry waxes. 

6.3.3 Laminar Object Modeling (LOM) 

The LOM Process is a technology similar to both Stereolithography and Selective Laser 

Sintering in that a laser is used to build an object from substrate material in thin slices. The 

LOM process creates a three dimensional object by using a succession of layers of a paper 

based substrate coated with heat activated adhesive. Each layer of the material is cut to the 

desired shape using an optically positioned C02 laser. After laser cutting, the machine 

positions another layer of substrate on top of the cut layer and a heated roller then bonds the 

layers together. The new layer is cut and the process repeats until the object is completed. 

The laser, to facilitate removal at a later date, crosshatches excess material. Applications 

include concept models, packaging test models, fit verification models, prototype design 

models, patterns for casting processes and development test models. 

The LOM process has a number of advantages over SLA and SLS in that support structures 

are not required. LOM uses non-toxic materials, the material does not change phase, large 

part fabrications are possible, post creation curing is not required, internal stresses are not 

present in model, no warping during creation, and uses standard STL CAD file format. 
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Disadvantages of LOM include; surfaces require preparation, strength varies with design and 

poor performance in wet or high humidity conditions, creation of internal cavities is also 

difficult. 

A number of manufacturers and suppliers of RP equipment have claimed the following 

benefits over traditional prototyping techniques: -

1. Cost Saving - RP methods are usually significantly less expensive than labour 

intensive fabrication techniques. Rapid prototypes greatly reduce design iteration, 

production, & tooling costs. Having a tangible model, or physical prototype, at the 

time of quotes improves a quote's accuracy. 

2. Time Saving - RP methods can turn an idea into a prototype overnight. What 

previously took months with fabrication methods takes only hours with PR, so that 

finding errors, making design improvements, and analysing an end product is possible 

in less time. 

3. Test Product - RP models may be used in focus groups, engineering testing with other 

components for compatibility, and for product performance tests. 

4. Catch Errors - Costiy errors can be identified before the product goes into production 

with the help of RP models. The efficiency and cost-effectiveness of a RP provides 

an inexpensive physical and tangible model for design evaluation, form, fit and 

function, studies. 

5. Sell Product - Prototypes, built through RP and Stereolithography, also allow a sales 

team to pitch new products before they are manufactured. 

6. Rapid Manufacturing - Stereolithography can be used for small volume production 

runs. 
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Some applications of HP technologies include development of new product moulds and 

tooling. Additionally, in the medical field, the convergence of medical imaging, CAD, and 

RP has made it possible to quickly produce three-dimensional models of human bones and 

organs, to assist surgery and the manufacture of prosthesis. 

6.4 THE CLAIMED BENEFITS OF RAPID PROTOTYPING BY USERS 

Kidd (1997) researched ways in which Rapid Prototyping may be used to improve the 

competitive advantage of an organisation. In this research Kidd used case studies to explore 

how RP's were used by major manufactures in aerospace, consumer durables, automotive and 

medical markets, to improve NPD performance and innovation. He emphasised the need for 

'organisational changes' to be considered to maximise the benefits of innovation 

improvement through RP in the NPD process. 

There are also a number of journals currently available today on the subject of RP 

technology. Many articles in these journals reporting companies making large cost savings, 

between 40% and 70% and up to half lead times savings in NPD projects through the use of 

RP. However, many of the publishers of the journals have a commercial interest in RP 

technology and precise data of cost or time savings were not available. 

As part of the objectives of this research, any benefits of using RP models in controlling Key 

Performance Indicators in NPD are studied. The study involved the exposure of RP models 

into a multi-functional NPD environment and the construction of a 'business case' to 'justify' 

the additional cost and time associated with the inclusion of RP cycles in a project. An 

activity called 'Strategic Rapid Prototyping' has been included in some of the case studies to 

provide a strategic tool for senior managers. 

133 



6.5 STRATEGIC RAPID PROTOTYPING 

In an attempt to find a 'vehicle' to encourage multi-functional teamwork, Clark et al (1992) 

used prototyping 'cycles' as timely review points, for senior management, during a project. 

This required the participation of a cross-fiinctional team to make ' fu l l use' of prototype 

models. Clark claimed that: -

"...every function is involved in prototyping cycles, which brings together all the key players 

(periodically) to communicate the status of their portion of the project's tasks and to see the 

status of counterpart activities on the project. " 

In reviewing applications of prototypes, Clark et al (1993) argued that traditional managers 

treated prototyping as a technical tool to be used exclusively by engineers. He suggested 

that: 'Some senior managers, fimctional heads, and project leaders did not fully utilise the 

power of prototyping.' Asserting that this may handicap their efforts to achieve rapid, and 

effective product development results. Clark also described a role for prototyping, through 

prototyping cycles, as a management 'tool' for guiding the development of new products. 

Clark discussed the use of prototyping cycles in three major appliance manufacturers each of, 

which used a 'similar sequence of tasks'. The study suggested that each company benefited 

from the use of prototyping cycles to deliver products on time, although no specific details 

were given. Also, there were clear differences in the NPD methodologies used by each 

company, which may have influenced the total time period taken. 

In a similar way Kidd (1997), looked at the 'business case' for organisations to purchase their 

own RP machines for Rapid Prototyping and argued that RP models may provide 
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opportunities for other multi-functional investigations to be quickly and accurately carried 

out, such as: -

1. Design For Manufacture. 

2. Failure Mode and Effects Analysis. 

3. Value Engineering. 

4. Injection mould and cast tooling studies. 

Additional multi-fiinctional applications may also be added to the above list: -

1. Demonstration models for senior management approval meetings. 

2. Design for Servicing models. 

3. Ergonomics and human interface studies. 

4. Non-destructive Safety and Approvals studies. 

5. User guides (manuals) construction, photography and instructions. 

6. Customer demonstrations and 'hall testing'. 

7. Performance verification. 

8. The production of assembly 'jigs and fixtures'. 

9. Packaging design. 

10. Aesthetics (styling) verification. 

11. Television commercials and advertising photography. 

12. QFD studies. 

13. EMC approvals tests for electronic products. 

14. Dust and water ingress tests. 
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It has been discussed that RP models have the potential of saving time in a project by 

providing a way to complete the above activities before the availability of production parts. 

However, this wil l be at some cost for the production of the RP models. The concept of 

Strategic Rapid Prototyping (StratPro) includes the generation of a simple business planning 

agreement between senior managers and the NPD execution team. The business plan is used 

to justify the additional time and expense associated with the production of RP components, 

with identified benefits. 

The StratPro concept places the accountability for the investment in RP models with the 

NPD team. The return on the investment, from the perspective of senior managers, may 

include fewer changes to off-tool parts and therefore earlier product launches. Other benefits 

may include reduced product costs following detailed Value Engineering and D.F.M. studies, 

and/or improved product quality following detailed F.M.E.A. studies with RP models. The 

production of RP models also allows senior managers and directors to be able to 'see' and 

'sign-off the progress of a project through various phases of development. 

StratPro was developed by the author and applied to a number of NPD projects in Flymo, 

Kenwood and Domick Hunter. A subroutine of StratPro activities was included in project 

plans starting with a RP strategy meeting. At the RP sfrategy meeting, team members 

identified using a checklist aide memoir, where RP models could be used to save time or 

other KPIs such as product quality and cost. A budget sum of money was then released to 

fixnd the manufacture of the RP component parts, or derivative castings, in return for 

identified savings. An example of a StratPro business plan is shown in Fig. 25. 
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RAPID PROTOTYPING STRATEGY PLAN 

Project. 

DEPT. RP REQUIREMENTS STUDIES COST RETURN 

Engineering 
design 

All proposed injection 
moldings to be made 
in SLA format 

Dimensional clash detection 
and patterns for silicon moulds 
also initial verification of styling 
with marketing Product 
Manager 

£18k 
No tooling 
changes after 
phase 3 of project 

Engineering 
design 

6 off sets of resin 
castings of all 
moldings 

Performance, approvals and 
design FMEA studies also VE 
team studies 

£3.5k 

Verify product 
costings and no 
tooling changes 
after phase 3 of 
project 

Production 
Assembly 

1 off set of 'top 
clamshell' moldings in 
SLS format 

Motor assembly trials and jig & 
fixture development £670 

Completed Jig & 
Fixtures for pre-
production trials 

Production 
Assembly 

3 off sets of resin 
castings of all 
moldings 

Assembly training and 
development of line 
procedures and process 
FMEA studies 

£1.3k 
Target full 
production 
capability within 
first month of prod. 

Marketing 
3 off sets of resin 
castings of all 
moldings 

Verification of aesthetics and 
ergonomics. Verify user 
guides via focus groups 
operating prototype models 

£1.3k 
No tooling 
changes after 
phase 3 of project 
with verified user 
manuals on-time 

Quality 
Use same parts as 
Production Assembly 
team 

Design , Component and 
Process FMEA studies £0 

No tooling 
changes after 
phase 3 of project 

After Sales 
Use same parts as 
Production Assembly 
team 

Service training and 
completion of spares and 
service manuals 

£0 
No tooling 
changes after 
phase 3 of project 

Sales 
3 off sets of resin 
castings of all 
moldings 

Exhibition models and key-
account demonstration models 

£1.3k 
Improved initial 
order intake of 
new product 

TOTAL RP COSTS RETURN SUMMARY 

£26.07 k No tooling changes after phase 3 of project full production capability 
within first month of prod. Improved initial order intake. 

Project Manager/ Team Leader Date/Issue 

Fig. 25 Rapid Prototyping Strategy Plan example for Kenwood kitchen appliance. 
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6.6 CONCLUSIONS FROM THIS CHAPTER 

From the review Rapid Prototyping appears to offer significant benefits to a design engineer 

in the development of new products Fig.26. Further applications and benefits of RP models 

were also identified for other Sanctions involved in NPD projects. However, it was clear that 

a degree of planning would be required to fully utilise the potential of RP models in a 

multifiinctional NPD project. It was also evident that the production of RP models may 

involve significant cost and time for their manufacture, which may require a 'pay back' 

justification from the NPD team. 

It was therefore concluded that a carefiilly planned 'strategic' approach to RP was required to 

maximise the potential benefits and provide a business case for the cost and time investment 

required. The claimed benefits of RP are tested in the case studies in this research, together 

with the application of RP as a strategic management tool. 

Fig. 26 Rapid Prototype Components under engineering investigation 
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CHAPTER SEVEN 

CASE STUDIES - OBJECTIVES. SCOPE AND METHODOLOGY 

7.1 OBJECTIVES OF THE CASE STUDIES 

Case Studies are used extensively in this research to provide the much needed empirical 

data, identified in the literature review and to identify some of the 'root causes' of 

multifunctional NPD problems. Each case study starts from conceptual stages of the 

project and concludes with the production launch of the product. It is recognised that the 

NPD process does necessarily finish at launch however, the scope of this research wil l be 

confined to evaluating the 'efficiency' of the process leading up to launch. Therefore, 

Key Performance Indicators such as market share and business improvement figures wi l l 

not form part of the analysis. The objective of the Case Studies may be defined in two 

parts: 

1 Provide the much need empirical data, on multifunctional NPD and evaluate the 

performance of multi-functional teams and 'tools' engaged in the NPD process. 

The Key Performance Indicators selected in previous chapters wi l l be applied. 

2 Draw conclusions from the results, identify process improvements and re-test with 

further case studies to provide improvements for the multi fiinctional NPD 

process. 
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Case studies are extensively used in manufacturing industry to test the effectiveness of a 

process. Gummersson (1991) discussed the benefits of conducting case studies in 

management research, one being: 

"The opportunity to develop a 'holistic' view of a process, and to provide evidence to 

support or refute previous 'anecdotal' explanations of how a process actually works in 

practice. The results of a case study can also be used as a means of implementing 

change in an organisation. " 

It was identified from the review of previous work, that the extant literature on the New 

Product Development process lacked empirical data. A number of researchers including: 

Maffin 1996, Poolton 1994, Mattin 1994, discussed the need for more evidence to be 

provided of the effectiveness of 'teamwork' in the NPD process. The KPI's differ 

according to the view of each author. Therefore, following a review of the arguments 

presented in the literature on NPD performance, the following KPIs were selected for the 

case studies: 

1. The 'accuracy of the launch' with reference to pre-defined production dates. 

2. The achievement of targeted Product Costs. 

3. The control of Capital spends within pre-set budgets. 

4. The achievement of product Quality Targets (line reject and field failures). 

5. The timing of Specification and Engineering Changes will also be measured. 

It was interesting to note however, that some of the projects studied, did not have all the 

above parameters clearly defined at the start of the project and many of the above targets 
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and costs established during the course of the project. Moreover, from the review of 

previous work, it was not uncommon to see the project deliverables and targets changing 

a number of times during the course of a project. The effects of a constantly deviating 

specification requirement in projects were monitored in the case studies, together with the 

reasons why deviations occurred. In such cases, cost and time 'tracking' techniques were 

used to establish a measurement of 'control' in a project. This is discussed in detail in 

each study. Finally, conclusions were drawn from each study with recommendations 

made to improve the NPD methodology for future projects. 

7.2 SCOPE OF THE CASE STUDIES 

As discussed above one of the objectives of the Case Studies was to measure the 

performance of multi-fianctional 'teamwork' in N.P.D. projects and provide empirical 

data for analysis. Therefore, the scope of the studies was limited to projects involving 

Multi-Functional infroduction teams in each project. 

Al l of the projects studied resulted in the production of a physical product, rather than a 

service. This usually involved the development of 'production tooling' for plastic 

injection mouldings or castings, which were made to manufacture multiple production 

parts. The 'tooling' activity generally consumed the longest lead-time in each project and 

also tended to incur the highest capital investment except where TV advertising 

campaigns were concerned. Therefore, the control of this activity was viewed as being 

very important to the successfiil outcome of the project and a key influence on the KPIs in 
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the NPD process. The tooling activity was measured in terms of lead-time to 

manufacture and commissioning the tools, as well as the confrol of the capital investment 

involved. 

Only projects considered to be strategically important to the organisations involved, 

incurring significant investment, were included in this research. The 'value' of a project 

to a company, was discussed in each case study. This qualification helped to ensure that 

each project was adequately resourced, prioritised and had senior management support. 

The sfrategic value of each project also placed a high priority on the introduction time-

scale for each project. Therefore minor 'face-lift' projects involving an introduction 

period of less than 2 months or projects not requiring a complete multi-functional NPD 

team participation were not considered in this research. The scope of the case studies 

may be summarised in the following classifications: 

1. A l l of the projects studied were introduced using multi-functional teams. 

2. A l l projects resulted in the production of a physical product. 

3. Each project required the procurement of 'production tooling' for the volume 

manufacture of the new product, and therefore significant capital investment. 

4. Each project was considered strategically important to each company. 

5. Project lead times were in the order of several months from concept to launch. 
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7.3 CASE STUDY METHODOLOGY 

Whilst supporting the need for case study research, Gummesson (1991) claimed that: 

"A wide range of information gathering techniques can be used in case studies.' also ' A 

thorough analysis of a particular process will require the use of the researchers' 

personal observations that result from their presence, participation, or even intervention 

in the actual process to be examined. " 

This technique is generally known as 'action research' and specifically referred to as 

'action science' by Gummersson. 

Due to the nature of the authors' employment, as a Director or senior manager in 

industrial product development, it was possible to 'observe' and 'intervene' in the NPD 

projects studied. This enabled the author to compile a rich source of qualitative and 

quantitative data for fiiture analysis. As discussed above, the Case Studies were 

conducted to 'test out' anecdotal claims in the extant literature regarding New Product 

Development performance and Simultaneous Engineering (SE). 

It was also viewed in the literature that generic benefits such as 'improved time-to-

market' and 'improved product innovation and quality', through the use of multi 

functional teams (SE), needed to be qualified, and that case studies would help support or 

refute the claims. The case studies were conducted over a period of twelve years from 

1993, whilst the author was employed in companies manufacturing consumer durable and 

industrial products. A number of well-known household products were included in the 
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studies such as the Flymo Garden Vac and the Flymo Turbo-Collect grass-collecting 'air-

cushion' lawnmowers. The Flymo Garden Vac was a tremendous success for Flymo and 

the Turbo-Collect range have been Britains best selling lawnmower since they were 

launched. A collection of 'food preparation' products, regarded by Kenwood as vital to 

the survival of the company, was also studied. Industrial products used compressed air 

systems were studied; again all of the products were regarded as fundamentally important 

to the companies concerned. 

7.3.1 QUANTITATIVE DATA G A T H E R I N G 

A number of quantitative parameters were selected for the case studies, which were 

viewed to have a direct influence on the KPIs of the project. Fig.27 shows listed the 

chosen Key Performance Indicators of a project in the left-hand column, followed by 

parameters viewed to influence the KPIs in the centre column. How the influencing 

parameters were measured is shown in the right hand column of the table. 
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Key Performance Indicator Parameters seen to influence K.P.I . Measurement method 

Project completion timescales 

with reference to pre-defined 

target Production Launch Dates. 

Time added to the project due to the 

implementation of unplanned Engineering 

Changes. 

Time period added to 

implement the change plus 

Time to change tools. 

Project completion timescales 

with reference to pre-defined 

target Production Launch Dates. 

Time added to the project due to changes to the 

specification requirement. 

Time period added to 

implement the change plus 

Time to change tools. 

Project completion timescales 

with reference to pre-defined 

target Production Launch Dates. 

Time added to the project due to Tooling issues. Time to correct Tooling 

Project completion timescales 

with reference to pre-defined 

target Production Launch Dates. 

Time added to the project due to Supplier delays Time added due to delay 

Project completion timescales 

with reference to pre-defined 

target Production Launch Dates. 

Time added to the project due to other delays Time added due to delay 

The achievement of Targeted 

Product Costs. 

Material Costs deviations to estimated values. Cost difference to budget The achievement of Targeted 

Product Costs. Labour Costs deviations to estimated values. Cost difference to budget 

The achievement of Targeted 

Product Costs. 

Other Costs adding to targeted product costs. Cost difference to budget 

The adherence of Capital spends 

within pre-set budget limits. 

Deviation from budget. Cost difference to budget 

The achievement of Product 

Quality Targets. 

Quality production line rejects rate. Line reject numbers (ppm) The achievement of Product 

Quality Targets. Products returned from the field. Volume of product returns 

Fig.27.The K.P.I. quantitative matrix. 

7.3.2 Q U A L I T A T I V E DATA G A T H E R I N G 

A view was taken that qualitative data alone, extracted from case studies would not 

provide a complete account of each project. Similarly, the collection of quantitative data 

alone would not provide a complete 'picture' of what actually happened in a project. The 
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collection of quantitative data could provide a tangible measurement of how close each 

project was to achieving its KPI objectives but would not necessarily explain any 

outcome. Gummesson (1991) supported this view and argued that: 

"Qualitative, informal, in-depth interviews and the anthropological/ethnographic 

methods of observation and participation are also important as part of action science ". 

It was therefore decided to link both types of data in each case study to common 

parameters seen to effect the project KPIs. The author, due to his direct involvement in 

the projects studied, was able to take 'qualitative notes' during the course of each project 

from general discussions with the team members involved. 

The qualitative results from each case study are presented in the form of a 'discussion' 

within the 'results analysis' section of each study. Also, as part of the introduction to 

each study, background information was provided describing the contextual 'value' of 

each project to the company involved. The qualitative discussions have attempted to 

provide answers to the questions listed in Fig.28 under the 'qualitative explanation' 

column on the right hand column of Fig.28. 
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Key Performance Indicator Parameters seen to influence K.P.I . Qualitative explanation 

Project completion timescales 

with reference to pre-defined 

target Production Launch Dates. 

Time added to the project due to the 

implementation of unplanned Engineering 

Changes. 

Why were unplanned 

changes requested in the 

project? 

Project completion timescales 

with reference to pre-defined 

target Production Launch Dates. 

Time added to the project due to changes to the 

specification requirement. 

Why was the project 

specification changed? 

Project completion timescales 

with reference to pre-defined 

target Production Launch Dates. 

Time added to the project due to Tooling Issues What caused the issues? 

Project completion timescales 

with reference to pre-defined 

target Production Launch Dates. 

Time added to the project due to Supplier delays What caused the delays? 

Project completion timescales 

with reference to pre-defined 

target Production Launch Dates. 

Time added to the project due to other delays What caused the delays? 

The achievement of Targeted 

Product Costs. 

Material Costs deviations to estimated values. What caused the deviation? The achievement of Targeted 

Product Costs. Labour Costs deviations to estimated values. What caused the deviation? 

The achievement of Targeted 

Product Costs. 

Other Costs adding to targeted product costs. What generated the costs? 

The adherence of Capital spends 

within pre-set budget limits. 

Cost of the unplanned changes to tooling. What caused the changes? The adherence of Capital spends 

within pre-set budget limits. Costs of additional tooling. Why wasn't it planned? 

The achievement of Product 

Quality Targets. 

Quality production line rejects rate. Were they preventable? The achievement of Product 

Quality Targets. Products returned fi"om the field. What caused the returns? 

Fig,28.The qualitative K.P.I. matrix. 

7.3.3 CASE STUDY T E M P L A T E 

A template was developed to provide a consistent way of presenting the findings of each 

case study and to assist with comparative analysis. The case study template followed the 

following structure: 
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1 Project and Case Study reference information 

This includes the Project Name/ ID, Company involved and the start and 

completion dates of the project. 

! Project Background and Objectives 

This included a brief narrative of the background history of each project including 

the type of product under development, the reasons for doing it together with the 

commercial justifications. A brief description of the objectives of the project was 

also discussed together with the relative priorities between time-to-market, 

product cost, capital investment or any product innovations. 

Quantitative Case Study Results 

Case Study Results were presented in two sections to show quantitative data, 

followed by associated qualitative discussion and analysis. The Quantitative case 

study results took the form of 'bar charts' and graphs showing the data outlined in 

Fig.27. The qualitative discussions attempt to explain what happened in the 

project and what influenced this data. 

The top graph in Fig.29, shows 'Where and Why' delays occurred in a project. 

The lower bar graph shows project run 'Time' on the bottom axis in months. 

Delay time is shown on the vertical axis in days. 
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W H E R E AND WHY D E L A Y S O C C U R R E D IN THE P R O J E C T 

1st TRIAL 
FIELD TESTING FROM 
PRODUCTION PARTS 

BUILDS 

PRE- PRODUCTION BUILDS 

PRODUCT 
LAUNCH 

TOOL START 
U N R E C O V E R A B L E 
DELAY TO LAUNCH 

187 DAYS 
FABRICATED 
PROTOTYPE 

TOTAL POST LAUNCH 
DEVELOPMENT 

: 210 HAYS 

MONTHS AFTER CONCEPT DEVELOPMENT 
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A 'delay' represents an 'overrun' in a planned activity; e.g. the completion of a 

production mould tool may take 14 days longer to complete due to a change in the 

specification of the part. Therefore, a bar representing '14 days' will be shown on 

the graph representing a delay due to specification changes. 

As discussed in the review, any delays have the potential of adding time to the 

critical path of a project and thereby delaying the launch date. In some of the case 

studies the 'critical path' delays were minimised by deploying extra resource to 

the project, or paying toolmakers to work overtime to maintain delivery dates. 

However, this method of recovering lost time in a project was viewed as 

inefficient, costly and tended to result in a 'fire-fighting' approach to keep the 

project 'on-time'. Therefore, every time a planned activity was delayed the delay 

was shown on this graph together with the reason why. The actual 'total delay to 

the critical path' to product launch was also shown on the graph. This was, as 

discussed, not always a total of all of the individual delays rather an indication of 

time added to the project that could not be recovered by other means. 

The lower graph in Fig.29 shows Product Cost Tracking during a project. This 

graph shows any deviations from a pre defined product target cost. The base line 

of the chart represents a 0% variance with any increase or decrease in the costs 

shown as a percentage above or below this baseline. 
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It can be seen in this example that the project team were not able to confirm what 

the product costs actually were until 11 months into the project, at which point 

they were seen to be significantly higher than the target. The information 

available in these charts raises a number of interesting issues, which were 

discussed in each study, when taken in context with other qualitative data in the 

project. Similar graphs are included in each study to show: Capital Spend 

Tracking showing any variance between budgeted Capital Spend (for production 

tooling) and 'actual' spend during the project. From this information it can be 

seen when the capital funds were committed and at which point, they deviated 

from budgeted levels. Product Quality Analysis graphs show 'line reject' rates in 

parts per million, together with an indication of product field returns, compared to 

any pre-set target levels during the first six months of production. 

Project Team Qrganisation 

The organisation of the multi-functional team was discussed in each case study 

together with the role of the author in the project. 

Qualitative Case Study Results 

This was a narrative section of the case study results, which attempted to provide 

answers to the questions listed in Fig.28. Following discussions with the team 

members, this section described what happened during the project, what 

influenced the outcome and how the team operated. 
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C H A P T E R E I G H T 

CASE STUDY R E S U L T S AND BACKGROUND 

8.1 O B J E C T I V E S O F THIS C H A P T E R 

The results of the case studies are presented in this chapter together with a narrative to provide a 

contextual framework to describe the background and business relevance of each project to each 

organisation involved. 

As discussed earlier in this thesis, a view was taken that the presentation of quantitative data alone 

would not provide a complete account of how each product was introduced without supportive 

qualitative data. Therefore, the results are presented in both quantitative and qualitative terms. 

The qualitative results derive from interviews and discussions with the introduction team members 

who planned and developed each product, together with the personal experiences of the project by 

the author. The results for each case study are presented according to a common template, tracking 

the Key Performance Indicators outlined in previous chapters. This data was presented graphically 

where possible to build a complete 'picture' of how each project was developed for later detailed 

analysis. 
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8.2 CASE STUDY No. 004 - F L Y M O GARDEN VACUUM C L E A N E R 

COMPANY: FLYMO Ltd. PROJECT PERIOD: 1992 - 1993 

8.2.1 P R O J E C T BACKGROUND AND O B J E C T I V E S 

Flymo, an outdoor consumer durable company manufacturing lawnmowers and grass trimmer 

products, were by nature, a very 'seasonal' sales company. With most of the products sold during 

the 'grass-growing' seasons of spring and summer, the Garden Vac was seen as a counter-seasonal 

opportunity for the company, providing an incremental business opportunity and fewer peaks and 

troughs for the manufacturing operation. The original conceptual idea of the Garden Vac was 

offered to Flymo by an external 'inventor' who developed a way of collecting autumn leaves and 

other loose debris without the need for the debris to pass through a suction fan, thereby reducing the 

chance of blockages. This offered a unique 'added value' benefit to the user and a monopolistic 

market opportunity for the company. Following the adoption of the concept, the Directors of the 

company committed to the project in early 1992 and set a launch date for the autunm of 1993. This 

dictated an introduction period of 18 months for the development team, which presented quite a 

challenge given typical introduction periods of more than twice that for previous product launches 

by the company. 

At the start of development of this product, there were a small number of 'outdoor' vacuum cleaners 

available to the consumer in the market. However, they all tended to suffer from blockages in the 

system as the collected debris passed up a collection tube in the product and through an impeller 
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fan, before entering the waste collection bag. Blockages were difficult and messy to clear. There 

was also a danger to the user from accidental start-up of the fan during the cleaning process. The 

new concept relied upon airflow passing over an aerodynamic surface creating a low-pressure zone 

immediately adjacent to the surface (Bernoulli principle). Flymo protected the application of the 

idea with an international patent and marketed the product as an 'easy way to collect leaves and 

loose debris in the garden'. From an innovative perspective the product was regarded as new to 

the market place i.e. a Stranger. 

8.2.2 QUANTITATIVE CASE STUDY R E S U L T S 

The following tables and graphs represent the key quantitative data gathered during this case study. 

As described in the previous chapter, the following four graphs show in order: 

1. Fig. 30 Where and Why delays occurred in case study 004 

This tracks 'changes' imposed on the intended design configuration throughout the project that may 

either delay the product launch date, or impact other KPIs in the project. 

2. Fig. 31 Product Cost Tracking case study 004 

This tracks the 'product cost' throughout the project with reference to a targeted launch cost. 

3. Fig. 32 Capital Spend Tracking case study 004 

This graph shows when the capital funds were committed and tracks any deviation to budget targets. 

4. Fig. 33 Quality Analysis case study 004 

Manufacturing 'lines reject rates' and 'product returns' from the field are shown following launch. 
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CAPITAL SPEND TRACKING AGAINST BUDGET 
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The following figure (Fig.34) shows where change requests were implemented relative to the 

PHASE in the project: 
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8.2.3 T E A M ORGANISATION: 

A multi functional team was assembled to introduce the product. The team were briefed and made 

clear of the project objectives, their roles and accountability. The team consisted of representatives 

from: 

1. Research & Development 

2. Purchasing 

3. Marketing 

4. Tooling 

5. Industrial Design (External consultancy) 

6. Production Engineering (Team Leader) 

The team members met on a monthly basis to review progress against the Gantt chart plan. Basic 

FMEA studies were carried out using fabricated prototype models, which could not be 

disassembled. No other 'sub group' activities took place, with activities such as product costing 

calculations, carried out by the project design engineer. 

8.2.4 O U A L I T A T I V E CASE STUDY R E S U L T S 

This project, being a counter-seasonal opportunity for the company and a 'new' product category, 

generated a great deal of urgency and enthusiasm in the team. The team was determined to hit the 

launch date and needed very little convincing to take whatever action was necessary to develop the 

product within the time scales dictated by the Managing Director of the Cofhpany. The single most 
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expensive component in the product was the electric motor. This component was also, potentially, 

the component that would determine the reliability and 'life expectancy' of the product. Therefore, 

the electric motor was carefully specified to the motor manufacturer, and the product was designed 

around this vital component. Airflow rigs were constructed to 'prove' the motor/fan assembly and 

to develop the essential aerodynamic surfaces which were key to the performance of the product. 

The test rig was also used to define air-cooling paths for the motor to maximise longevity and 

reliability. 

Prototype models were also used to enable an agreement to be reached between the marketing and 

R&D team members with regard to the product aesthetics. However, since this design was drawn in 

2D (two-dimensional CAD), rapid prototype models were not produced for the project. Innovative 

team investigations did not take place until phase 3 of the project and studies such as FMEA and 

DFM, had limited success because it was not possible to disassemble the prototype models. 

Production tooling was committed to the project based on the performance of a 'performance test' 

prototype. This was a fabricated model containing the selected motor with interior surfaces 

sculpted in ABS plastic that were glued and screwed together. The model did not fially represent a 

production unit from an assembly point of view. Therefore, upon completion of the production 

parts, the product proved difficult to manufacture, requiring design changes. A number of other 

issues also demanded revisions to the design and subsequent changes to tooling. Issues such as 

sharp comers on the handle, control shutters, to change the function from vacuum to blower, also 

proved difficult to use, requiring modifications. Debris bag attachment details, cable entry 

housings and shoulder sfrap locations created further changes to production tools. 
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The product was launched on time, but in the words of the team members, the original products 

were 'very shaky' and needed much further development. Post project development continued for a 

further six months after launch creating a vast overspend in the budgeted capital sums reserved for 

the project. Product costs were approximately 35% above initial targeted levels due to higher 

material and labour costs than initial estimations. It was not possible to recover these costs through 

design changes within the introduction period therefore; the product was launched at a higher price 

than the initial estimate. The senior management accepted this cost increase, until the competition 

was able to respond with a product challenge on the market. 

This project consolidated Flymo's new philosophy of multi-functional teamwork NPD. Also, the 

senior management team was using the project to see i f the large 'cultural' changes in the 

organisation, required to accommodate a multi-functional way of working, were actually working. 

The project was also a 'platform' (Stranger) in terms of the product application and offered a new 

counter-seasonal opportunity for the company, which was strategically important for the company. 

Therefore the priority KPI placed on the project team was: 

The achievement of targeted launch dates 

All other KPIs were viewed, by senior management, as being of a lesser priority since this product 

was seen as a monopolistic opportimity, innovative and not as 'price sensitive' as other products in 

the portfolio. Whilst this concession was not directly revealed to the introduction team, it can be 

seen from the results that senior management allowed the launch to continue even though Product 

Costs exceeded targets by over 30% at time of launch. This followed a period of intensive Value 
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Engineering studies using 'off-tool' samples in phase 4 and 5. The Product Costs were estimated to 

be 150% of targets, following studies using fabricated 'functional' prototj^je models. The 

introduction team was not able to effectively conduct the VE investigation using the prototypes 

because they were not fiiUy representative of the 'tooled' product, and would not disassemble for 

FMEA and DFM studies. 

The late modifications required to reduce product costs also resulted in a gross overspend (68%) in 

the capital tooling budget. The over spend was accepted by the senior management who regarded 

the project as a success because it achieved its primary objective and was launched on time. 

However, there then followed a considerable period (176 days) of post-launch development in 

Phase 6, to improve manufacturability, ergonomics and quality problems, which had a disruptive 

effect on production and contributed to the overspend in the capital tooling budget. 
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8.3 CASE STUDY No. 005 - T H E F L Y M O T C 350 LAWNMOWER 

COMPANY: FLYMO Ltd. PROJECT PERIOD: 1990 - 1994 

8.3.1 P R O J E C T BACKGROUND AND O B J E C T I V E S 

The TC 350 air-cushion lawnmower was a development of Flymo's patented Nutri-Vac grass 

collecting system. Flymo, at the time of this development project was enjoying a monopoly in air 

cushion (hovering) lawnmowers that had the added capability of collecting the grass clippings. This 

provided Flymo with a unique product in terms of maneuverability, ease of use together with grass 

collection. 

The proposed TC (Turbo Compact) range of products was developed by Flymo to address problems 

of collection efficiency compared with traditional 'wheeled rotary' lawnmowers; and a problem of 

'balance shift' in their existing 'tandem' products where the grass box trailed behind the mower 

'hood'. As the grass box filled up with grass the current products would become rear-heavy and 

would 'drag' at the back whilst tipping up at the front, rather like a car weighed down at the back by 

a heavy caravan. The result of the weight shift was loss of air pressure under the hood, spoiling the 

'hover' effect, creating fi-ictional drag and loss of grass collection efficiency. The development of 

the TC350 product solved the balance shift problem by locating the grass box 'on top' of the air 

cushion hood, thereby maintaining the center of gravity of all components during operation. This 

stopped the machine tilting as the grass box filled with grass therefore improving collection 

efficiency and ease of use. 
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The project was developed in two stages: Phase one; to develop the fundamental technology of the 

TC range took two years. R&D personnel carried out 'Phase One' of the project in isolation, with 

no other functions represented. 'Phase Two' introduced a multi-functional team to take the concept 

to a production reality. This was Flymo's first NPD project to involve a multi-functional team. The 

team had an appointed 'Team Leader' following a non-specific introduction methodology. 3D 

CAD systems were available, however the product was mainly designed using two-dimensional 

engineering drawings. Rapid Prototyping was not in common use, therefore all prototype models 

were built using traditional 'fabrication' techniques. 

Since multi-functional team involvement in the TC350 project started after the fundamental 

concept development was completed, only the second stage of this project will be discussed in the 

case study. Very little information was documented during Stage one of the project and even the 

Managing Director of the company had little knowledge of the detail of the project at that stage of 

development. 

8.3.2 QUANTITATIVE C A S E STUDY R E S U L T S 

The following tables and graphs represent the key quantitative data gathered during this case study. 

The graphs are presented in the same sequence as previous case studies: 
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CAPITAL SPEND TRACKING AGAINST BUDGET 
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Fig.40 Case Study 005 delays according to the PHASE 

8.3.3 P R O J E C T T E A M ORGANISATION 

During concept development, the project was initially progressed in a secretive environment within 

the R&D department. Access to the details of the project was limited to R&D personnel with even 

the Managing Director of the company, excluded from the details. After the concept development a 

team was appointed to the project consisting of personnel from: 
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1. Research «& Development (R&D) 

2. Production Engineering (Project Team Leader) 

3. Marketing 

4. Purchasing 

5. TooHng 

6. Quality 

7. Industrial Design (External Resource) 

The author was the manager of the R«&;D design team during the final 12 months of the project and 

was responsible for the engineering integrity of the product, performance testing and safety 

approvals; as well as the management of the development budget. A senior 'Project Engineer' from 

the R&D design team was responsible for the design engineering of the product and was delegated 

to represent the R&D function in the introduction team. The team had an appointed Team Leader, 

fi-om the Production Engineering Department, and the team met on a weekly basis during the 

project. 

8.3.4 Q U A L I T A T I V E CASE STUDY R E S U L T S 

Since the initial two years of 'conceptual development' were completed in secrecy, the analysis of 

this project could only take place upon appointment of the multi-fiinctional team. 

The presentation of the concept prototype to the team was greeted by initial excitement, followed by 

frustration. Marketing Product Managers, keen to 'stamp their mark' on the new product were very 
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frustrated at many of the features in the product and operational characteristics, as well as total 

rejection of the product aesthetics. Appointed team members from the 'Production Engineering' 

function were tasked to, very quickly, learn and understand efficient ways to manufacture the new 

product. Other team members also started to complain that the project had 'progressed too far' 

without their involvement and initiated changes to the design. The team were also under severe 

pressure from the senior managers to start production tooling for the product as quickly as possible 

which led to this activity taking place before a 'Firm Product Proposal' was agreed in the team. 

From the commencement of the production tooling, the design was subjected to numerous changes, 

which directly affected the targeted completion date of the production tools. Upon completion of 

the tools, a small quantity of products was built for fiirther evaluation and testing. This resulted in 

further changes and some components being completely re-tooled. The design changes resulted in a 

total of 187 days delay to the critical path, to launch the product. Even after launch, changes to 

component parts continued in order to improve product performance, quality, ease-of-manufacture 

and reliability. A quantity of products was also returned from the field due to 'motor mounting 

plates' becoming loose during operation. This led to redesign, and re-tooling of several component 

parts. The tooling 'capital' budget for this project was grossly overspent due to the changes in 

design and subsequent production tooling. 

Due to the nature of the fabricated prototype models, it was not possible for the team to carry out 

early, meaningful F.M.E.A., D.F.M. and Value Analysis studies. Therefore, because of the use of 

fabricated prototypes, these activities were regarded as ineffective and were repeated upon the 

completion of the Trial Builds, using ' o f f tool' parts. Unfortunately the findings of these studies led 

169 



to further changes from each team fiinction, many of which were too late in the project to be 

implemented. 

The team did not use any particular NPD methodology during the project, relying on a simple Gantt 

chart plan as a critical path monitor. This plan changed frequently due to the changes taking place 

in the design, which also effected key project milestones. Therefore, the whole team was forced to 

meet several times each month to review the changes in order to maintain some degree of control in 

the project. 

Many conflicts ensued between the Marketing and R&D team members, each one frustrating the 

other due to different opinions regarding: aesthetics, ergonomics, product performance and how to 

measure the grass cutting and collection efficiency. Also, since no product costing targets were 

identified at the start of the project, many disputes within the team were the result of differing views 

in component, and feature, value analysis. 
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Fig. 41 Case study 005 The Flymo TC 350 Lawnmower 
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8.4 CASE STUDY No. 006 - T H E F L Y M O T C 300 LAWNMOWER 

COMPANY: FLYMO Ltd. PROJECT PERIOD: 1993 - 1994 

8.4.1. PROJECT BACKGROUND AND OBJECTIVES 

The Fljmio TC300 was the second product in the range of 3"̂^ generation 'grass collecting' air-

cushion lawnmowers to supplement the TC350. The TC (Turbo Compact) range was a 

development of Flymo's patented Nutri-Vac system enabling grass clippings from an air-cushion 

(hover) mower to be collected, a feature unique to Flymo. Since its launch the TC350 - 35cm cut 

diameter, has been the best selling lawnmower in Britain. In operation the grass clippings are 

'sucked' into a removable collection box, mounted on the top of the air cushion hood, thus 

maintaining the center of gravity and balance during the collection process. 

During the development of the TC300, Flymo were using a New Product Development 

methodology, developed by managers, including the author. The methodology included all of the 

key elements of Simultaneous Engineering with the teamwork culture in the organisation benefiting 

from two years, and several products, previous experience. The team was experienced in the use of 

team tools such as FMEA and DFM techniques. Rapid prototyping was still in its infancy although 

fabricated prototypes and CNC machined components played an important role in the project. A set 

of 'Master Models' was produced to provide representative models to enable development testing 

(grass cutting trials) to be carried out. The Master Models were used as a reference platform for the 
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team, to enable an agreement between the Marketing and R&D team members to be reached 

regarding the performance specification and esthetical appearance of the product. 

A key objective of the TC300 project was to significantly reduce manufactured costs of the new 

30cm product with respect to the larger 35cm product (TC350), and improve the grass collecting 

performance measured in density of grass collected per area cut. The operational performance of 

the product was particularly important because of the anticipated launch of a competitor product the 

same year. Due to this competitor activity and the seasonal nature of the business, an introduction 

lead time of 24 months was set by the senior management team, at the start of the project. This 

targeted production date coincided with the commencement of TV commercials, the publication of 

sales catalogues (in department stores such as Argos) and the coirmiencement of stock build-up in 

the shops in preparation for the grass-growing season. Product aesthetics, performance and 

ergonomics were a subject of a great deal of debate and conflict between Marketing and R&D 

functions during the TC350 project. Poor communication between these two functions resulted in a 

number of specification changes with subsequent delays to product launch. It was also made clear 

by the senior management that the conflicts and delays experienced in the TC350 project were not 

to be repeated in the TC300 project. 

8.4.2 OUANTATATIVE C A S E STUDY R E S U L T S 

The following tables and graphs represent the key quantitative data gathered during this case study. 
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PROJECT PHASE RELATIONSHIP 
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Fig.46. Project delays due to changes according to the PHASE of implementation 

8.4.3 P R O J E C T T E A M ORGANISATION 

The project was introduced using a multi-functional team consisting of personnel from: 

1. Research And Development (R&D) 

2. Production Engineering 

3. Marketing 

4. Purchasing (Project Team Leader) 

5. Tooling 
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6. Manufacturing Assembly 

7. Quality 

8. Industrial Design (External Resource) 

9. Accounts 

The author was the manager of the R&D design team during this project, responsible for the 

engineering integrity of the product, performance testing and safety approvals; as well as the 

management of the development budget. A senior 'Project Engineer' from the R&D design team 

was responsible for the design engineering of the product; and delegated to represent the R&D 

function in the introduction team. The team had an appointed Team Leader, from the Purchasing 

department, and the team met on a monthly basis during the project. Some of the team members, 

excluding the R&D member, had also been involved with the previous product in the range i.e. the 

TC350, 35cm variant (Case Study 005), which had suffered a number of delays due to 'late 

engineering changes and changes to the specification requirement. 

8.4.4 Q U A L I T A T I V E CASE STUDY R E S U L T S 

The project was regarded as a success, in that the product was introduced on time and within cost 

targets. The capital budget was well controlled, with no significant overspend, and the quality of 

the product good. The overall view of the team was that they were able to launch the product on 

time and meet the objectives of the project for the following reasons: 
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1. The influence of a good strong team leader. 

The Team Leader was a strong individual, good communicator with experience of product launches 

in the company including projects that were problematic. The Team Leader had also been involved 

in the design of Flymo's NPD Methodology and the Product Introduction Control template, 

therefore was committed to the plan and displayed 'ovmership' of the project plan to the other team 

members. 

2. The availability of a 'Master Model' machined (CNCed) from the CAD data. 

The Master Models were used by the team to verify the performance of the product in operation, 

that is, cutting and collecting grass, and were used to benchmark the new product against existing 

Flymo and competitor products. The level of performance was defined and agreed between the 

Marketing, Quality and R&D members. The Master Models were also used as a vehicle to define 

and agree the aesthetic appearance (styling) of the product, thereby illuminating any ambiguity or 

misinterpretation of engineering drawings, artistic sketches and other prototype models, by non

technical team members. Design aesthetics was a major cause of conflict in the TC350 project, 

therefore, the team members actually 'signed' their names on the Master Model of the TC300, as 

being the agreed design for the product launch. The Master Models were also used to design 

packaging, conduct F.M.E.A and D.F.M. studies, design assembly jigs &, fixtures and perform 

(small quantity) 'Trial Builds', on the production line to de-bug the assembly process and test 

equipment. The team members claimed that this enabled most of the issues highlighted by the team 

studies to be addressed within the critical path of the project. It also enabled the marketing team to 

complete the user instructions, TV commercials and advertising brochures in plenty of time to allow 

corrections to be done, all from Master Models. 
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3. Fewer conflicts between Marketing and the R&D functions compared to the TC350 project. 

The team worked well together with noticeable confidence that the project would be launched on 

time and fewer conflicts between departmental functions. The senior management was also more 

'comfortable' with the project, being able to 'see' it perform against the competition and to be able 

to watch the development take place with updated revisions of component parts applied to the 

Master Models. 

4. The availability of an agreed Product Introduction Control 'template' for the introduction plan 

of activities. 

There were no disputes in the team with regard to the project plan and they were happy that their 

activities and involvement in the project had been done at the optimum stages of the project. 

Therefore, all of the planned F.M.E.A. and D.F.M. activities were carried out with the results acted 

upon before the design was 'frozen'. The improved planning in the project also improved the 

moral of the team. 
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8.5 C A S E STUDY No. 007 - T H E KENWOOD CUISENE FOOD M I X E R 

COMPANY: KENWOOD Ltd. PROJECT PERIOD: 1995 - 1997 

8.5.1 PROJECT BACKGROUND AND OBJECTIVES 

The Cuisine Food Mixer project was initiated to complete a product range for Kenwood consisting 

of the ubiquitous Kenwood Chef, as a premium price product; with lower priced 'food processors' 

at the lower end of the market. The Cuisine was therefore intended to occupy a 'mid priced' 

positioning in the market. The product was also intended to be made mainly of plastic (including 

gear chain drive) in order to provide significant savings in material and manufacturing costs 

compared with the 'Chef flagship product. 

During the development of the project, Kenwood had no discemable methodology for the 

introduction of new products and therefore project milestones and controls were i l l defined. A 

small 'multi-functional' group of people was involved in the project, and tasked with the 

responsibility of introducing the new product, but without clear accountabilities and regular 

meetings. The product was designed using 3D CAD (SDRC IDEAS) with Rapid Prototyping used 

extensively. However, the RP models were only used for technical studies by the designers and not 

exposed to any team members outside the Engineering domain. 

8.5.2 QUANT AT A T I V E CASE STUDY R E S U L T S 

The following tables and graphs represent the key quantitative data gathered during this case study. 
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PROJECT PHASE RELATIONSHIP 
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Fig.51. Project delays due to changes according to the PHASE of implementation 

8.5.3 PROJECT T E A M ORGANISATION: 

Multi functional teamwork in this project was unstructured and without clear accountability until 

the final twelve months of the project. In the final twelve weeks a team leader was appointed, from 

Product Marketing, and representatives from the following functions were briefed and took 

ownership of the project: 

1. Engineering 

2. Purchasing 
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3. Marketing (Team Leader) 

4. Tooling 

5. Accounts 

6. Sales 

7. Manufacturing assembly 

The author, as Director of Engineering, was responsible for the management of the Engineering 

function in the company, which included Tooling. 

8.5.4 Q U A L I T A T I V E C A S E STUDY R E S U L T S 

This project benefited from a number of technologies that were available during the development 

phases of the product. An experienced design engineer, using state of the art computer aided design 

tools, with a CAD package from 'SDRC Ideas' was used to design the product. This enabled the 

geometry for the product component parts to be described in three dimensions (3D), which in turn 

enabled Rapid Prototyping technologies to be used. Rapid Prototyping was used extensively in the 

project, which accounted for about 15% of the capital spend on the project. However, as discussed 

earlier, the rapid prototypes were used exclusively by engineers and were not used for studies by 

Marketing, Manufacturing assembly or other functional studies. 

Whilst a multi-fimctional team was appointed to the project from the initial stages, the team did not 

operate to any specific methodology. The individual roles of the team members were unclear and 

left up to individuals to sort out during the project. Key project milestones were also not clearly 
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defined in the project making critical path planning difficult. The Project Management was left up 

to the engineers in the team. 

The appointment of the author as Director of Engineering in the company initiated the development 

of a new methodology for the NPD process. The new methodology ensured that each functional 

activity in the project was carefully planned to allow individuals to contribute efficiently. Some 

elements of the 'new' methodology were applied to the later stages, after completion of the 

production tooling, of this project. The team members were exposed for the first time to samples of 

the new product from 'off-tool' parts. The team immediately identified problems from the off-tool 

parts. Issues such as 'difficult to assemble parts, performance issues in bench testing against 

competitor products were identified, including the fundamental ability of the product to do the job 

(mix dough). Tests carried out in a 'test kitchen' also revealed serious weaknesses in the 'gear 

train'. 

The above issues prompted significant redesign and development with subsequent changes to the 

production tooling. Launch dates were threatened by these changes, however, the pressiu"e to 

maintain targeted launch dates was equally intense. Engineers worked long hours and many 

weekends to make up for the time needed to redesign the product and to design new features into 

the product belatedly required by the Marketing team. The net result was the product was launched 

'on-time', but the project was highlighted in the company as an example of 'how not to introduce a 

new product'. 
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Fig. 52 The Kenwood Cuisine Food mixer 
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8.6. CASE STUDY No. 008 - T H E KENWOOD MEDIUM SIZED D E E P FAT F R Y E R 

COMPANY: KENWOOD Ltd. PROJECT PERIOD: 1996 - 1997 

8.6.1 P R O J E C T BACKGROUND AND O B J E C T I V E S 

Deep Fat Fryer products, used to cook chips, fish, battered food and chicken etc. are regarded as 

generally messy products to use and difficult to clean, by the consumer. Food particles tend to be 

left in the cooking oil after the cooking process, which degrades the oil requiring regular 

replacement and cleaning. However, i f cleaning is not done regularly the degradation process also 

results in oil residue being 'burnt' onto the inside of the fryer bowl. Oil also solidifies on the outer 

surfaces of the product discoloring it, blocking the integral filter and leaving the product looking 

and smelling dirty. The competitive products available on the market at the time were difficult to 

dismantle for cleaning without risking the chances of water ingress into the electrical components. 

The new product was intended to address the problems by allowing the product to be easily 

disassembled for cleaning. This included the facility to removal the entire electrical assembly in 

one operation, allowing the rest of the product to be immersed into a domestic 'dish washer' for 

thorough cleaning. This featLire presented a unique selling point for the product that was patent 

protected by Kenwood. The concept launch to the market place immediately created an urgent 

demand for the product from retail outlet stores such as Argos and Boots etc. 
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8.6.2 T H E S T R A T E G I C USE OF RAPID PROTOTYPES IN T H E P R O J E C T 

Kenwood had suffered from poor product introductions in the past (see case study 007), therefore a 

new NPD methodology was developed by a multi-disciplinary team to address the previous issues. 

Key people from each department were involved in the design of the methodology under the 

guidance of the author. Embedded within the methodology was a process to maximise the use of 

Rapid Prototype components and to ensure that each member of the team had an opportunity to see 

and use them in their various investigations. 

The 'strategic' use of Rapid Prototyping formed the basis of a business agreement between the NPD 

project team and senior management, that committed the project team to introduce the product on 

time and within the financial and quality targets agreed at the start of the project. In return, the 

senior managers of the company agreed to release the money to fund the cost of the multiple 

prototypes for use in team studies such as VE, FMEA and DFM. 

The business agreement involved the drawing-up of a Rapid Prototyping Sfrategy {StratPro) Plan, 

see Fig. 58. The StratPro plan was a controlled document constructed by the NPD team following a 

number of RP sfrategy meetings, and used as justification for the cost of the RP models to the senior 

managers. The RP components were present at all project team meetings, and senior management 

reviews to 'gauge' the progress of the project. Team-based FMEA, VE and DFM investigations 

were carried out as well as tooling studies, packaging and assembly studies. The RP components 

were also used for some performance testing, safety approval studies, technical manual and 

commercial photography. The RP components used together with a new NPD methodology, using 

188 



agreed pre-defined KPIs, designed by the team, was closely monitored by the senior managers in 

the company. 

8.6.3 QUANTITATIVE CASE STUDY R E S U L T S 

The following tables and graphs represent the key quantitative data gathered during this case study. 
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Fig.57. Project delays due to changes according to the PHASE of implementation 

8.6.4 PROJECT T E A M ORGANISATION: 

A multi functional team were assembled to introduce the product that were briefed and made clear 

of the project objectives, their roles and accountability. The team consisted of representatives 

from: 

1. Engineering Design 

2. Purchasing 

3. Marketing (Team Leader) 
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4. Accounts 

5. Tooling 

6. Industrial Design (Kenwood's own industrial product design team) 

7. Manufacturing assembly (prior to transfer to China) 

The author, as Director of Engineering, was responsible for the management of the Engineering 

function in the company, which included tooling. Sub Groups were set up within the team to 

manage key tasks in the project, such as: 

1. Product Cost calculations and reports. 

2. Product Packaging, instructions and artwork. 

3. DFM studies, trial builds and training. 

4. Product Acceptance Testing (PAT) for Safety, Performance and Reliability. 

5. Tooling and Rapid Prototyping. 

6. Quality-up-front, including the management of FMEA sessions. 
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RAPID PROTOTYPING STRATEGY PLAN 

Project. 

DEPT. RP REQUIREMENTS STUDIES COST RETURN 

Engineering 
design 

All proposed injection 
moldings to be prototyped 
in SLA format 

Dimensional clash detection and 
patterns for silicon moulds also initial 
verification of styling with marketing 
Product Manager 

£18k 
No tooling changes 
after phase 3 of project 

Engineering 
design 

6 off sets of resin castings 
of all moldings 

Performance, approvals and design 
FMEA studies also V E team studies £3.5k 

Verify product 
costings and no 
tooling changes after 
phase 3 of project 

Production 
Assembly 

1 offset of'top clamshell' 
moldings in SLS format 

Motor assembly trials and jig & 
fixture development £670 

Completed Jig & 
Fixtures for pre-
production trials 

Production 
Assembly 

3 off sets of resin castings 
of all moldings 

Assembly training and development 
of line procedures and process FMEA 
studies 

£1.3k 
Target fiill production 
capability within first 
month of prod. 

Marketing 
3 off sets of resin castings 
of all moldings 

Verification of aesthetics and 
ergonomics. Verify user guides via 
focus groups operating prototype 
models 

£1.3k 
No tooling changes 
after phase 3 of project 
with verified user 
manuals on-time 

Quality 
Use same parts as 
Production Assembly team 

Design , Component and Process 
FMEA studies £0 

No tooling changes 
after phase 3 of project 

After Sales 
Use same parts as 
Production Assembly team 

Service training and completion of 
spares and service manuals £0 

No tooling changes 
after phase 3 of project 

Sales 
3 off sets of resin castings 
of all moldings 

Exhibition models and key-account 
demonstration models 

£1.3k 
Improved initial order 
intake of new product 

TOTAL RP COSTS RETURN SUMMARY 
£26.07 k No tooling changes after phase 3 of project fiill production capabilify within first 

month of prod. Improved initial order intake. 

Proiect Manaeer/ Team Leader 

Fig. 58 Rapid Prototyping Strategy Plan. 
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8.6.5 Q U A L I T A T I V E CASE STUDY R E S U L T S 

The product was introduced one month late, not because of a failure in the project team rather the 

senior management team delayed the release of the capital funds (referred to in the project plan as 

CSE release) for tooling, due to cash flow issues in the company. Also, the release of a competitor 

product, during the development process, forced an increase in the heater power specification to 

match the competition, this however did not effect the critical path in the plan. A decision was also 

taken, within two months of launch, to have the product assembled in China instead of the UK. 

This was also accommodated in the planned time scales without delaying the launch. 

The team Leader for the project, who was also the Marketing Product Manager, issued a report for 

the senior managers in the company fi-om which the following comments were taken: 

'The team worked well with excellent cross department communication, and achieved their 

objectives' 

'Product costs were tightly controlled and achieved targeted margins' 

'Senior Management delayed the project by not signing capital requests on-time' 

'The disciplines in the new methodology kept the teams activities on-time' 

'FMEA investigations identified the big issues for the team to address' 

'DFM studies were not entirely relevant due to the transfer of the product assembly to 

China' 

' The Product Design freeze happened according to plan' 
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The team reported no serious issues to the Engineering Director (the author) during the project, and 

appeared to generally enjoy the project and the team meetings. 

The Strategic use of RP components (StratPro) seemed to provide an effective way for the team and 

the senior managers to carry out investigations and implement 'changes' within the critical path of 

the project. The project was a step forward in the company's capability and confidence to introduce 

new products efficiently. 

The following case study will apply some of the findings of the previous case studies to re-test 

tools such as Strategic Rapid Prototyping, concise project management reporting documentation; 

and further applications of the Cost Weighting model The objective here is to see if NPD 

performance can be improved with the application of these tools. 
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8.7 CASE STUDY No. 009 - T H E DOMNICK HUNTER CONDENSATE DRAINS 

COMPANY: DOMNICK HUNTER. PROJECT PERIOD: 1999 - 2000 

8.7.1 P R O J E C T BACKGROUND AND O B J E C T I V E S 

Domnick Hunter, as a manufacturer o f ' compressed air treatment' equipment, produces a range of 

'condensate drains'. These products are intended to 'trap' condensed water and oil that is 

discharged from compressors in a compressed air system. The condensate is very often corrosive 

and damaging to pipelines and ancillary equipment, and therefore must be removed from the 

system. Condensate Drains are small pressure vessels connected in a compressed air system, which 

have a reservoir to hold the condensate waste. There is also an electronic, capacitive, level sensor in 

the drain, which wil l sense when the drain is full of condensate, open a solenoid valve and discharge 

the waste material without venting any of the compressed air. 

Domnick Hunter has been manufacturing drains for several years and the key objectives for 

developing a new range were as follows: -

1. Add new innovative features and improve reliability. 

2. Reduce manufactured cost. 

3. Reduce service downtime. 

4. Improve installation flexibility and inter-connection options. 

5. Improve styling, ergonomics and reduce size. 
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With the above objectives in mind a multi-disciplinary team was assembled in the company to 

design and introduce the new products. The company had recently developed a new NPD 

methodology, under the guidance of the author, for the introduction of all new products based on 

multi-disciplinary participation. The design of the methodology involved members from each 

discipline and therefore had their input and the "buy-in' of the team. 

As part of the revised NPD methodology, Donmick Hunter used a set of control documentation, 

known as the Product Pack in the company. This is very similar to the control documentation 

discussed earlier in this research which contains all of the essential information of a project under 

development such as: -

1. A NPD summary sheet containing a brief summary of the project. 

2. A Product Costing sheet showing targets and cost build-up information. 

3. A Capital hivestment break down for tooling etc. 

4. A document detailing the product design deliverables and performance specification. 

5. A Project Plan in the form of a Gantt Chart. 

The above controlled documentation, as discussed earlier, was used to remove any ambiguities in 

the project objectives and deliverables within the team and the senior managers. It was also decided 

to employ Strategic Rapid Prototyping in this project to help to ensure that the project objectives 

could be achieved, without the need for later development changes and delays from off-tool parts. 

The project would be a 'test case' for Domnick Hunter to see i f the combination of muhi-
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disciplinary teams, with a revised NPD methodology, new control documentation and the strategic 

use of Rapid Prototypes could improve the company's ability to efficiently introduce new products. 

The NPD team member responsible for placing all of the production tooling in the company also 

chaired a RP Strategy meeting. The RP Strategy meeting, as described in earlier chapters, is a 

meeting of all functions in the project team that may benefit from having a prototype of the product. 

A Rapid Prototyping Strategy document was produced from the above meeting (Fig. 59) to establish 

each member's requirements for prototypes and to commit to various returns for the investment and 

the additional time required for the manufacture and evaluation of the RP's. A time 'window' was 

provided in the project plan to enable the NPD team to carry out their respective investigations such 

as FMEA, VE and performance testing etc. before committing the production tooling for cast and 

moulded parts. The time window, during Phase 3, of the project added fourteen days to the critical 

path to production launch. In return the team committed to 'no changes after tooling commitment' 

in phase 4 onwards. 
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RAPID PROTOTYPING STRATEGY PLAN 

Project. 

DEPT. RP REQUIREMENTS STUDIES COST RETURN 

Engineering 
design 

All proposed castings to be 
CNC'ed from stock 
aluminum 

Pressure burst testing and 'level 
sensing' performance testing £8k 

No tooling changes 
after phase 3 of project 

Engineering 
design 

All plastic moulded parts to 
be prototyped using SLS 

Performance, approvals and design 
FMEA studies also V E team studies £2.5 

No tooling changes 
after phase 3 of project 

Production 
Assembly 

One complete prototype Assembly line training and jig design 
£670 

Completed Jig & 
Fixtures for pre-
production trials 

Production 
Assembly 

3 off sets of resin castings 
of all moldings 

Assembly training and development 
of line procedures and process FMEA 
studies 

£1.3k 
Target fiill production 
capability within first 
month of prod. 

Mariceting 
3 off sets of resin castings 
of all moldings 

Verification of aesthetics and 
ergonomics. Verify user guides via 
focus groups operating prototype 
models 

£1.3k 
No tooling changes 
after phase 3 of project 
with verified user 
manuals on-time 

Quality 
Use same parts as 
Production Assembly team 

Design , Component and Process 
FMEA studies £0 

No tooling changes 
after phase 3 of project 

After Sales 
Use same parts as 
Production Assembly team 

Service training and completion of 
spares and service manuals £0 

No tooling changes 
after phase 3 of project 

Sales 
3 off sets of resin castings 
of all moldings 

Exhibition models and key-account 
demonstration models 

£1.3k 
Improved initial order 
intake of new product 

TOTAL RP COSTS RETURN SUMMARY 
£15.07 k No tooling changes after phase 3 of project full production capability within first 

month of prod. Improved initial order intake. 

Project Manager/ Team Leader 

Fig. 59 Rapid Prototyping Strategy Plan for case study 009. 
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8.7.2 CASE STUDY R E S U L T S 

The results of this case study will be presented using the 'weighting model', described in chapter 9 

of this research. The weighting model wil l calculate the 'weighted' cost for each day of delay, 

according to the phase of the project. The basic objective of the weighting model is to help the 

NPD team to evaluate the 'cost' associated with accommodating delays in a project, with respect to 

the phase involved. 

By way of example, a project team may wish to delay the start of production tooling, in order to 

produce more prototypes for approval studies. The alternative may be to conduct the approval 

studies from off-tool parts later in the project. However, as discussed earlier, i f modifications were 

required it would be much more difficult, costly and time consuming i f production tools needed to 

be modified. 

The 'weighted' change profile for the project is shown in Fig. 60, with an associated 'shark's fin' 

diagram, shown in Fig. 61. 
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CASE STUDY009 
PHASE 1 2 3 4 5 6 
D E L A Y S / P H A S E ( C D ) 0 0 14 0 0 0 
WEIGHTING FACTOR (F) 1 21 54 89 181 181 
PENALTIES / PHASE (PU) 0 0 756 0 0 0 
PENALTY C O S T S / P H A S E (CP) £0 £0 £26,460 £0 £0 £0 

STANDARD DAILY RATE (R) £35 
TOTAL P R O J E C T PENALTIES (PP) 756 
TOTAL P R O J E C T COSTS (TC) £26,460 

Fig. 60 'Weighted' change profile for case study 009 

CHANGE PROFILE 
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£25,000.00 

12 £20,000.00 
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^ £15,000.00 
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£0.00 3 4 
P R O J E C T PHASE 

6 

Fig. 61 'Shark's Fin' diagram showing change profile for case study 009 
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8.7.3 Q U A L I T A T I V E CASE STUDY DISCUSSION AND CONCLUSIONS 

A number of initiatives coincided with the introduction of the new Drains for Domnick Hunter: -

1. The design and use of a formalised NPD methodology. 

2. The use of control documentation detailing project status and deliverables for the NPD team 

and the senior managers. 

3. The strategic use of Rapid Prototypes in the project. 

The plarmed launch date was delayed 14 days to accommodate a 'change window' to allow changes 

to the Specification and the Engineering configuration of the product, following studies carried out 

from Rapid Prototypes. Since this was an imrecoverable delay, the total cost to the project was the 

total RP costs plus 14 days lost production. As shown in the 'cost weighting model', changes 

executed during phase three were three times less costly than changes executed after phase four of 

the project. Therefore, changes executed during phase three in the project would be approximately 

one third of the cost of the execution of the changes after phase four. It was also estimated that 

some of the VE saving meetings (conducted during the change window) would have been omitted i f 

they were conducted after tool completion. 

RP models were produced for the team linked to an RP Strategy agreement. This provided a 

number of benefits such as: -
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1. NPD team was able to beat the VE targets set by the senior management. 

2. The marketing team was able to demonstrate the new product to customers before launch and 

establish volume orders and the manufacturing team was 'ready' to build product having 

developed assembly jigs from the RP models. 

3. The design team were able to 'fine tune' the product from a safety perspective following 

extensive performance tests from RP's. Non-destructive safety approvals tests were conducted 

for Low Voltage Directive & Electromagnetic Compatibility approvals and modifications made 

during the 14-day 'change window' period. 

The above discussion would seem to endorse the decision made by the team to add 14 days to the 

critical path to the launching the product, pending Rapid Prototype studies. Also, the inclusion of 

concise project control documentation helped to remove ambiguities within the team and the senior 

managers with regard to project deliverables. This had been the cause of conflict and 'late changes' 

in previous NPD projects. 

The poor reliability issue was traced to a sub contractor who assembled and tested the electronic sub 

assembly. This sub contractor was not included in the RP strategy discussions. 
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Fig. 62 Case Study 009 Domnick Hunter Modular Drains 
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C H A P T E R NINE 

DERIVING A WEIGHTING MODEL F O R T H E IMPACT O F CHANGES 

9.1 O B J E C T I V E S OF THIS C H A P T E R 

The objective of this chapter was to quantify the impact of engineering and specification 

changes according to when they were implemented in an NPD project. The following 

KPIs were considered: 

KPI1 The achievement of targeted launch dates. 

KPI2 The achievement of targeted Product Costs. 

KPI 3 The control of project Capital Spend. 

KPI 4 The achievement of Product Quality Targets. 

It was discussed in the review that project teams often sacrifice one KPI in order to 'save' 

another, depending upon the type of project under development. For example, the team 

may allow overspend in the capital-tooling budget in order to make Engineering changes 

to reduce Product Costs; or to accept Product Cost variances in order to achieve Project 

Completion Timescales. Reinertsen et al (1991) discusses the trade-off of KPI priorities 

in NPD, with respect to the type of project under development, tabulated in Fig. 62. 
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PROJECT TYPE PRIORITISED KEY PERFORMANCE INDICA TORS PROJECT TYPE 

LOW MEDIUM HIGH 

STRANGER 

INNOVATIVE NEW PRODUCT 

CAPITAL SPEND PRODUCT COST L A U N C H D A T E 

R E P E A T E R 

DERIVATIVE OF A B O V E 

LAUNCH DATE PRODUCT COST C A P I T A L SPEND 

COST SAVING / V E 

QUALITY, C O S T / V A L U E RATIO 

LAUNCH DATE CAPITAL SPEND PRODUCT C O S T 

Fig.63. Project KPIs prioritised according to project type 

As discussed in the review, project teams found it difficult to evaluate the impact of 

engineering changes at the time of implementation and the resulting propensity to cause 

'delays' to production launch. This difficulty in quantifying the 'impact' of a change, for 

example to reduce product costs was exacerbated during the development of an 

innovative new product (i.e. a Stranger) where the potential for a monopolistic product 

opportunity existed and pressure was biased towards launch dates. Therefore, an attempt 

has been made in this chapter to provide a 'weighting model' for engineering and 

specification changes, expressed as a cost, allowing a true comparison with other KPIs. 

This may help project teams to evaluate the impact of delaying a project to accommodate 

a change and provide an efficiency profile for the project, to be explained later in this 

chapter. 
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9.2 T H E I M P A C T O F E N G I N E E R I N G AND S P E C I F I C A T I O N C H A N G E S 

To remind the reader: Specification changes were defined as changes to the specification 

o f the product. Specification changes may derive fi-om modifications o f the requirement 

fi-om the customer, or misinterpretation by sales and marketing, or a redefinition o f the 

project deHverables fi-om within the organisation developing the product. Engineering 

changes are changes generated through technical studies to improve the product's ability 

to meet (or exceed) the specification. Engineering changes may also may also be 

initiated to improve the product's perceived value, aesthetics, ergonomics, assembly, or 

through a re-evaluation o f the design proposal by the NPD team to maintain the fol lowing 

NPD KPIs: -

K P I 2 The achievement o f targeted Product Costs. 

K P I 4 The achievement o f Product Quality Targets. 

Data gathered f rom the case studies show 'Where and Why delays occurred in a project' 

due to the implementation o f specification and engineering changes. The delays were 

defined as the 'unplanned time in days, taken to execute a change'. This may be the time 

taken for a designer to change drawings on a C A D system and/or the time for the 

toolmaker to change the production tools. This was time not accounted for in the 

planning o f the project to determine the production launch date. It has also been 

discussed that these delays have the potential o f effecting some o f the KPIs in a project. 

Two o f the KPIs, which may be at risk due to specification and engineering changes, are: 
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BCPI1 the achievement o f targeted launch dates (with associated loss o f sales). 

K P I 3 the control o f project Capital Spend for production tooling. 

From the review o f previous work, specification and engineering changes were identified 

to be one o f the main causes o f late launches in NPD projects. Moreover, the need to 

make changes in the later stages o f a project were identified as generally 'poor technique' 

and possible indicative o f an inefficient NPD methodology. The results o f the case 

studies have suggested that late changes requiring expensive ' tooling' modifications may 

have been avoided i f the investment for 'prototype models' was provided to identify 

flaws and verify product performance, before the start o f production tooling manufacture. 

The weighting model w i l l be used later to evaluate the impact o f a change with respect to 

any benefits and provide an efficiency profile o f the project. 

For example, wi th specific reference to case study 006, it can be seen that changes 

initiated before the commitment o f the production tools had only a small effect on the 

critical path to launch. However, changes implemented during and after the tool making 

process created delays that were not always recoverable before the production launch 

dates, thereby delaying the launch. Also, delays in the later stages o f a project provide 

fewer opportunities to recover lost time by using contingency resource. This suggests 

that the impact o f a change depend upon when the change was initiated in the project. 
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9.3 E X P R E S S I N G T H E I M P A C T O F C H A N G E S AS A C O S T 

The 'impact' on a project's KPIs f rom specification and engineering changes may be 

expressed in both quantitative and quaUtative terms. From a quantitative point o f view, 

as discussed above, the parameters effected by specification and engineering changes are 

cost and time. These parameters w i l l be listed below: 

C D = Change Delay 

This is the number o f days (unit days) taken by the designer to implement a single 

change resulting in a delay to the project schedule. 

R = Standard daily rate 

This is 'the cost' for the design resource, per day. 

C c = Cost to implement design changes (CD * R ) 

This is the cost for design resource per day to implement changes. 

T T = Time to change production tools 

This is the time period required to change the production tools, to represent the 

changes described by the designer. 
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C T = Cost to change production tools 

This cost was based on toolmaker's time for modifying production tooling 

together wi th any additional materials required. 

However, i f the time taken for Co and T j also result in time added to the critical path to 

product launch, then this may also effect sales turnover targets. In some cases extra, 

contingency, resource may be assigned to a project to 'recover' time lost due to the 

above, including extra time; that is overtime worked by the design team and external 

toolmakers to 'catch up'. Further cost variables are therefore generated from this: -

C R = Cost for contingency resource 

This is the cost for design resource working at an overtime rate or the addition o f 

extra resource (internal or external) allocated to the project. 

Cs = Cost for lost sales 

This is the loss in sales contribution, due to a delayed launch o f the new product. 

From the above discussion, the cost impact (CA ) o f specification and engineering changes 

may be expressed purely as a cost in the fol lowing way: 

C A = C C + C T + C R + C S (1) 
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The author, by the natxire o f his employment, was able to directly access and review the 

above costs in each case study. Although, due to commercial confidentiality, i t is not 

appropriate to reveal the detail o f the costs in this research, it was possible to 'quantify' 

them in relative orders o f magnitude: 

Cost to implement design changes Cc Low 

Cost for contingency resource C R Medium 

Cost to change production tools C j High 

Cost for lost sales Cs Very High. 

The above suggest that, for example, i t may be more cost effective to 'recover' lost time 

by using contingency resource ( C R ) , to prevent loss o f sales revenue (Cs). However, it 

was also seen in some o f the case studies that the use o f contingency resource, to recover 

lost time, was not always possible i f change requests occurred at a late stage in a project. 

This suggests that the team's ability to 'recover' lost time is reduced as the project 

progresses, especially after the production tooling process. The impact o f engineering 

changes may also be expressed in the form of a 'logic truth table' where a ' 1 ' depicts the 

likelihood o f particular costs being incurred in the project, and a '0 ' being an unlikely 

event (Fig. 64): 
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PHASE 1 PHASE 2 PHASE 3 PHASE 4 PHASE 5 PHASE 6 

Cc 1 1 1 1 1 1 

C R 0 1 1 1 1 1 

C T 0 0 1 1 1 1 

Cs 0 1 1 1 1 1 

Fig.64. Propensity o f costs incurred due to changes, wi th respect to the project PHASE. 

As discussed earlier in chapter three, the project PHASE refers to a specific stage in a 

project fo l lowing the completion o f certain milestones wi th other key milestones stil l 

remaining. 

Change requests occurring during phases 5 & 6 may also take the form o f 'running 

development', where the manufacturing process may, or may not, be disrupted. 

Engineering changes are occasionally implemented during phase 6 to either: improve the 

product performance fol lowing feedback from the field or, to reduce quality problems in 

the manufacturing process. Changes during phases 5 & 6 may stop the manufacturing 

process in order to implement the change including product already released to the 

customer may be 're-called' for modifications. In some cases changes to the product 

specification afi:er phases 5 & 6 may require re-approval by independent bodies, for 

example, to maintain a CE or U L rating for the product. This in turn may result in 

multiple variants o f the same product available in the field, making product support a 

complicated task for the sales outiets and the manufacturer. Therefore any changes during 
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phases 5 & 6 are viewed as the most costly time in the project. Changes during phases 5 

& 6 may be disruptive to production daily volumes or stop production pending expensive 

remedial action. 

I t can be seen f rom Fig. 64 that changes have an increasing 'negative' cost impact on a 

project as the project progresses through each phase. It has also been shown above that 

not only does it becomes increasingly di f f icul t or costly to implement a change, but the 

designer may be restricted to making only small changes without the need for significant 

delays, toolmaker costs or the need to re-tool the faulty component. 

The above discussion supports the findings o f Berliner et al (1988) who described the 

effect o f costs incurred and committed to a project as the project progresses through 

phases leading up to final production (see Fig. 65). 
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L I F E C Y C L E 

full production product launch 

Fig.65 Costs committed and incurred in a project. Source Berliner and Brimson 1988 

The study by Berliner and Brimson (1988) was discussed in detail earlier in this research 

but to remind the reader: Berliner et al (1988) claimed that about 80% o f the total costs o f 

a product lifecycle were committed during the early phases o f the development. This is 

at a stage where little or no costs had been 'incurred' e.g. tooling costs. 'Committed 

costs' include the material and manufactxire costs o f the product but also the packaging, 

distribution and disposal costs o f the product. The above graph also shows that it is only 

possible to have a small influence on the 'committed costs' during the latter phases o f the 
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lifecycle, without ' incurring' large costs to make the correction. This is consistent with 

the findings o f the case studies. 

9.4 D E R I V I N G A PENALTY WEIGWTJNG F A C T O R F O R C H A N G E S 

Since the precise details o f various monetary 'costings' were available to the author 

during each study, costings for items such as labour time, supplier (toolmaker) costs and 

profit margins fi-om product sales were known during each project. Whilst the details o f 

these costings are commercially confidential, and therefore cannot be revealed in this 

study, trends and relative costings, and proportional weightings, w i l l be discussed. 

We have seen that the negative impact o f changes increases as the project progresses 

through each phase leading up to production launch. Therefore, i t was decided to apply a 

'cost penalty weighting factor' to each day taken up by the implementation o f a 'change'. 

The magnitude o f the weighting factor was selected according the phase when the change 

was implemented. This provides a representation o f the 'cost impact' o f a change and 

ultimately how efficiently a project was introduced, or to provide a framework to assist a 

project team to decide i f indeed a change should be accommodated in the project. A 

penalty-weighting factor example based on relative costing data, available to the author, 

was quantified and applied as follows: 
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standard Daily Rate R 

This is the cost for the design resource per day, working at a standard rate therefore the 

weighting factor proposed is: 

R = l 

Cost for contingency resource C R 

This is the cost for design resource working at an overtime rate or the addition o f extra 

resource (internal or external) allocated to the project. This was estimated to be about 

three times the standard resource cost per day, therefore the weighting factor proposed is: 

C R = 3 

Cost to change production tools C j 

This cost was based on toolmaker's time for modifying production tooling together wi th 

any additional materials required. This was calculated to be approximately 15 times the 

cost o f standard working rate, therefore the weighting factor proposed is: 

C T = 1 5 

Cost for lost sales Cs 

The loss o f sales contribution due to each day o f delay to fiill production launch depends, 

o f course, on the daily volume and profit contribution o f the product in question. 

Therefore a Cs weighting factor for each project may be calculated using the fol lowing 

formula: 
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Weighting factor (Cs) = (unit profit (P) x daily production volume (V))/ standard rate (R) 

Cs = ( P x V ) / R (2) 

Many o f the projects studied in this research were regarded as providing incremental 

sales growth to their respective businesses, rather than a simple replacement or facelift to 

an existing product i.e. a Stranger rather than Repeater. Some projects studied actually 

provided a monopolistic opportunity, in that no competitive product existed in the 

market. In these cases, Cs values were calculated to range between 150 - 270 times the 

cost o f design resource (working at standard rate R) for each day o f lost production. 

Therefore the value o f this factor is a variable according to the project: 

Cs ~ 150 to 270 

Precise C5 factors for Stranger projects can be calculated using the above expression (2). 

A variation to this formula, to accommodate product replacements (Repeaters), is 

described later in this chapter. 

I t can be seen, from the Cs factors that the loss o f sales contribution is by far the most 

significant cost associated with delays due to the implementation o f unplanned changes. 

However, it was also seen that not all o f the changes in the case studies resulted in an 

'unrecoverable' delay to the production launch. During phases 1 to 3 o f a project, before 

the commencement o f production tooling, project teams were often able to use 

contingency resource to recover 'lost time'. However, i f the changes involved 
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modification to tooling, contingency resource options were not always a solution to time 

recovery. Tooling modifications are usually very time-consuming activities that may 

directiy effect the critical path o f the project. Tool modifications involving CNC 

machining or 'spark erosion' techniques are automated procedures that fo l low a 

prescribed routine according to the geometry o f the modification. A study conducted in 

Flymo by the then tooling manager Belcher (1995 not published), provided time and cost 

examples o f tooling modifications for the design engineers in the R & D department. 

From this study the most basic modifications to tooling took a week, wi th more complex 

modifications taking up to 12 weeks. The tool modification time becomes a greater 

percentage o f the remaining project time, as the project advances. Therefore, the 

propensity o f an unrecoverable delay to a project was seen to increase wi th subsequent 

phases. From the study conducted at Flymo, the larger complex NPD projects wi th 

longer introduction periods also tended to involve longer time periods for tool 

modifications. The proportional impact o f tooling modifications wi th respect to the 

remaining time to launch tended to remain constant and independent o f the size o f the 

NPD project. 

From the above discussion, i t was therefore decided to apply the weighting factor for Cs 

proportionally and according to the phase in the project where a change took place. The 

probability o f delays to the product launch and subsequent loss o f sales revenue (Cs) due 

to changes, were estimated and shown in Fig. 66. 
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PHASE 1 PHASE 2 PHASE 3 PHASE 4 PHASE 5 PHASE 6 

Probability 0 10% 20% 40% 95% 95% 

Fig.66 Probability o f OSS o f sales revenue (Cs) due to changes, according to phase. 

By way o f example, the following table (Fig. 67) was produced to show the 'cost penalty 

weighting' factor for changes according to the phase of implementation. The chosen 

value for was Cs = 170, however, this value was applied proportionally according to the 

table in Fig.65, wi th Cs = 10% o f 170 in phase two and Cs = 20% o f 170 in phase three 

etc. 

PHASE 1 PHASE 2 PHASE 3 PHASE 4 PHASE 5 PHASE 6 

R 1 1 1 1 1 1 

C R 3 3 3 3 3 

C T 15 15 15 15 

Cs 0 17 35 70 162 162 

F 1 21 54 89 181 181 

Fig.67 Total Penalty Weighting factor (F) for the impact o f changes according to phase 

It is recognised that some changes, such as minor 'running development', implemented 

after product launch (phases 5 & 6) may not effect the production output in a project. 

However, since changes after phase 3 have been shown to be inefficient i n terms o f 

tooling cost and resource time, all changes made during phases 5 & 6 w i l l be weighted as 
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described allowing comparisons to be made between projects. The above Weighting 

Factors for Changes according to Phase can be shown graphically in Fig.68. 
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Fig.68 Cost Weighting Factors for Changes according to Phase o f implementation 

It has also been claimed in the review that Trototyping Cycles reduce the need for late 

changes in a project' (Wheelwright 1997); since one o f the key objective o f prototyping 

cycles is to test and prove a development concept before the commitment o f production 

tooling. The weighting factors may assist the design team to just i fy the cost and delays 

associated with fiirther prototyping cycles, during early phases o f a project, rather than 

risking changes to production tooling in later phases. 
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The discussion, so far, has resulted in a number o f variables to quantify the relative cost 

impact o f changes according to the phase o f implementation, as well as predicting the 

total cost impact on the project. These parameters w i l l now be summarised: 

i ) Standard daily rate (R) 

This cost (unit cost, Pounds or Dollars etc.) is used as a 'calibration' for the model and 

was defined as 'the cost' for the design resource per day, to implement a change, working 

at a standard daily rate. 

i i ) Change delay (Co) 

This is the number o f days (unit days) taken by the designer to implement a single change 

resulting in a delay to the project. 

i i i ) Total change delays per phase (To) 

This is the total number o f days (unit days) taken up by implementing all o f the changes 

in a phase. 

iv) Penalty units per phase (Py) 

This is the total number o f penalty units applied to each phase by multiplying the 'Total 

change delays per phase', by the weighting factor (F) for each phase shown in Fig.67. 

Pu = T D * F 
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v) Costs per phase (Cp) 

This is the 'Penalty units per phase' multiplied by the 'Standard daily rate'. 

Cp = Pu * R 

vi) Penalty tmits per project (P?) 

This is the sirni total number o f all o f the 'Penalty units' incurred during the project. 

vi i ) Total project penalty cost (Tc) 

This is the 'Penalty units per project', multiplied by the 'Standard daily rate'. 

T c = (Pp * R) (3 ) 

The fol lowing parameters may be used to test the model: 

v i i i ) Daily production volume (V) 

This is the volume o f products manufactured per day after the production launch. This 

value would be a target at the start o f a project, becoming an 'actual' value after launch. 

ix) Product profit contribution (P) 

This is the predicted financial contribution (unit cost. Pounds or Dollars etc.) due to the 

sale o f each new product. 
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In addition to known values at the start of a project, the following parameters may be 

used as a verification of the model from 'actual' data available upon completion of the 

project. This may be useful in 'post project review' meetings by the NPD team. 

x) Unrecoverable delay (D) 

This is the 'actual' delay to full production launch (unit days) due to the delays that could 

not be 'recovered' using contingency resource. 

xi) Actual loss of sales contribution (S) 

This is the 'actual' loss of sales (unit cost, Pounds or Dollars etc.) contribution due to 

unrecoverable delays to the full production launch. 

S = P * V * D (4) 

xii) Actual cost of contingency resource (CR) 

This is the actual cost of all the 'contingency' resource required to minimise the delay to 

ful l production launch described earlier. 

xiii) Actual cost of tooling changes (CT) 

This is the actual cost to toolmakers to make the necessary changes to the production 

tooling to implement changes. 
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xiv) Total actual project costs due to changes and delays (CA) 

This is the 'actual' total cost to the project due to the implementation of unplanned 

changes expressed as follows: 

CA = CC + C T + C R + CS (1) 

The parameters listed (i) - (ix) provide variables for a model to 'predict' the impact of 

changes in terms of cost. The 'actual' data (x) - (xiv) can be used as a verification of the 

'accuracy' of the model following project completion. 

Following the above it is now possible to test the model by simply comparing the 

difference between the following two cost expressions: 

Expression based on the prediction model (unit cost). Tc = (Pp * R) (3) 

Expression based upon actual data (unit cost). CA = Cc + C T + CR + Cs (I) 
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9.5 T E S T I N G T H E PENALTY WEIGHTING F A C T O R M O D E L 

It should now be possible to test the above weighting factor model by applying the 

factors shown in Fig.67, to delays in real projects from the case studies. In order to do 

this a consumer durable product, case study 006, was selected. A penalty-weighting 

graph was produced to show the penalty factors for each day of delay caused by a 

change, according to the phase of implementation (Fig. 69a). 

By comparing Fig.69a and Fig.69b for case study 006, it can be see that the profile has 

altered significantly, depicting the 'weighting' impact of each change in the project. The 

impact of 'phase one' changes (shown in Fig. 69a) hardly register on the chart, whereas 

changes in the later stages are weighted heavily. 
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R E L A T I V E C O S T I M P A C T T O P R O J E C T D U E T O C H A N G E S 
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Fig.69a. Penalty weighting table applied to case study 006 

W H E R E A N D W H Y D E L A Y S O C C U R R E D IN T H E P R O J E C T 

CO S! 3 

FABRIC 
PROTO" 

MED 
PYPE MASTER ^ 10DELS 1 ^ 

/ U N R E C O V E R A B L E 
/ DELAY TO LAUNCH 

-
TOOL START TOOLT 

/ =14[ 
/ PROC 

RIALS LAUN 

)AYS 
)UCT 
CH 

-
/ 

- / 1st 
PRODUCTION 

BUILDS 

-

-

1̂ 1 1 r 
MONTHS 
1 2 3 4 5 6 7 8 9 to 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Eng Changes • 2 4 5 2 1 
Spec ChangesC 5 3 3 2 
Tool Dev. • 3 3 4 4 2 2 2 
Supplier req • 3 6 4 1 
Other 2 1 

CASE STUDY006 FLYMO TC300 AIR CUSHION LAWNMOWER 

Fig.69b. Where and Why delays occurred in a project for case study 006 
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As discussed earlier a penalty weighting of 'one' is equivalent, in terms of cost, to one 

man-day of design resource working at a standard labour rate. Therefore i f it is assumed 

that the standard daily rate for this organisation is £55, further analysis may be carried out 

from the following table of variables (Fig.70). 

PARAMETER SYMBOL UNITS VALVE 

STANDARD DAILY RATE R POUNDS £55 

TOTAL PENALTY UNITS Pp UNITS 2072 

TOTAL PENALTY COSTS Tc POUNDS £ 1 1 3 9 6 0 

DAILY PRODUCTION VOLUME V UNITS / DAY confidential 

PRODUCT PROFIT P POUNDS confidential 

UNRECOVERABLE D E L A Y D DAYS 14 

ACTUAL LOSS OF SALES S POUNDS £105000 

ADDITIONAL RESOURCE Cc +CR POUNDS £1740 

TOOLING CHANGES C T POUNDS £28006 

TOTAL CHANGE COSTS C A POUNDS £ 1 3 4 7 4 6 

ACCURACY OF MODEL A % 15% 

Fig.70 Variables used to calculate the cost of changes (from case study 006) 

The above analysis shows a comparison between theoretical, cost of changes, and actual 

cost of changes. There is a discrepancy between the two figures highlighted of about 

15% which was viewed as being an acceptable deviation for a model to be used for 

estimating the relative impact of changes according to the phase of implementation. 

228 



For further verification the model was applied to case study 005 as an extreme example 

of an inefficient project, which produced the results shown in Fig.71: 

PARAMETER SYMBOL UNITS VALUE 

STANDARD DAILY RATE R POUNDS £55 

TOTAL PENALTY UNITS Pp UNITS 20973 

TOTAL PENALTY COSTS Tc POUNDS £ 1 1 5 3 5 1 5 

DAILY PRODUCTION VOLUME V UNITS / DAY confidential 

PRODUCT PROFIT P POUNDS confidential 

UNRECOVERABLE D E L A Y D DAYS 187 

ACTUAL LOSS OF SALES S POUNDS £1402500 

ADDITIONAL RESOURCE Cc +CR POUNDS £1400 

TOOLING CHANGES C T POUNDS £22600 

TOTAL CHANGE COSTS C A POUNDS £ 1 4 3 9 1 0 0 

ACCURACY OF MODEL A % -20% 

Fig.71. Variables used to calculate the cost of changes (fi-om case study 005) 

Other test examples of the model indicated deviations up to 21%, with an average of 9%, 

with the model showing more accuracy with fewer delays per project. In order to fiiUy 

prove the model as a way of 'predicting' the total cost of changes; it would be necessary 

to apply further case studies for comparative analysis. However, i f the model were to be 

used as a comparative 'tool' only, as in this research to compare NPD introduction 

methodologies, absolute calibration of the model becomes less important, since adjusted 

factors would be applied to projects. — — 
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9.6 G R A P H I C A L R E P R E S E N T A T I O N O F C H A N G E P R O F I L E S 

Change profiles for projects have been represented graphically showing 'where and why' 

changes occurred in each case study, and also showing the same data with 'weighting' 

factors applied to represent the impact of each change. Fig.72 shows a table of 'total 

changes per phase', a 'weighting factor' and the 'penalty weighting' for each phase. The 

subsequent penalty weighting for each phase can then be presented as a relative cost by 

multiplying by the 'standard rate', shown in the table. When the penalty weighting data 

is plotted for each phase, either as a cost or dimensionless, a profile of the change activity 

is produced which will be termed a 'sharks fin' diagram shown in Fig.73. 

The 'sharks fin' diagram provides an 'at a glance' picture of where the change activity 

occurred and from the amplitude of the 'sharks fin', will give an indication of the impact 

of the changes. The 'sharks fin' diagram may be used as a visual comparison between 

projects fi-om which conclusions may be drawn with regard to how efficiently each 

product was introduced. The 'area imder the curve' of the 'Shark's fin' diagram, 

represents potentially wasted, or unnecessary expenditure in the project, since the 

amplitude of the 'Shark's fin' diagram derives from one or all of the following: -

1. Unplanned resource time costs, to implement changes. 

2. Unbudgeted toolmaker costs to modify production tools. 

3. Lost Sales revenue. 
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CASE STUDY 005 
PHASE 1 2 3 4 5 6 
DELAYS/PHASE(CD) 0 0 25 131 24 20 
WEIGHTING FACTOR (F) 1 21 54 89 181 181 
PENALTIES / PHASE (PU) 0 0 1350 11659 4344 3620 
PENALTY COSTS/PHASE (CP) £0 £0 £74,250 £641,245 £238,920 £199,100 

STANDARD DAILY RATE (R) £55 
TOTAL PROJECT PENALTIES (PP) 20973 
TOTAL PROJECT COSTS (TC) £1,153,515 

Fig.72. Impact of changes table for a case study 005 
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Fig.73. 'Sharks Fin' diagram showing cost weighting profile for case study 005. 
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With reference to Fig. 73, it can be seen that the change profile peaked during phase four 

of the represented project. This has been discussed earlier as inefficient in terms of cost 

and time. 

9.7 C A L I B R A T I N G T H E M O D E L F O R PRODUCT ' R E P E A T E R S ' 

The above model was based upon the development of products offering a significant 

incremental profit contribution to the organisation involved. However, some NPD 

projects involve relatively minor modifications to an existing product to replace or (face

lift) a product already in the market. In a similar way modifications may be made to an 

existing product to improve its quality value, or reduce costs (Value Engineering). These 

projects may also be analysed using the above model by substituting incremental profit 

contribution for differential contribution to the business. Therefore the Product 

Contribution (P) of the face-lift or Value Engineered product may be expressed as the 

difference in contribution before and after the project: 

(P) For face-lift or Value Engineered product = Pi - P2 

Where Pi = contribution of product before development, and P2 is the contribution after 

completion of the project. This wil l reduce the significance of Cost for lost sales (Cs) 

due to a late launch in the weighting model, thereby increasing the significance of 

parameters such as Cost to change production tools (Cj) and Costs for contingency 

resource (CR). 
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9.8 T H E O U A L I T A T I V E I M P A C T O F C H A N G E S O N T E A M W O R K 

The case study results also indicate that the impact of changes has a qualitative effect on 

the introduction team members, depending upon where changes occurred in the project. 

With reference to the case study results discussions, it can be seen that late specification 

and engineering changes in a project also create a number of negative emotional reactions 

such as: 

1. Increased pressure and stress level within the team members to maintain KPI's. 

2. Break down of teamwork and increased 'friction' between key members of the 

team when project KPI's are under threat. 

3. General low moral from the design team and production toolmakers following 

numerous 'tedious' re-design exercise. 

The above factors seem to become more evident as the project progresses through the 

later stages of development however. There is also evidence fi"om the case studies, to 

show that changes identified in the early phases of a project may have a positive effect on 

human emotional response in the from of enhanced 'job satisfaction' e.g. 

1. Increased enthusiasm and ownership when the project KPIs are under control. 

2. Enhanced teamwork and cooperation when the project KPIs are under control. 

3. Enhanced morale in the team when using an agreed NPD methodology. 
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By way of example, case study 08, showed that the changes identified during phase 2 of 

the project indicated that the team investigations were contributing to the improved 

development of the project. The Value Engineering savings identified in this project 

were also examples of 'positive impact of change' together with changes identified as a 

result of FMEA studies. This also had the effect of enhancing teamwork spirit and 

improving morale in the team, especially when the savings were positively recognised by 

the project manager. 

The qualitative impact of changes according to the phase of implementation may be 

represented in the following way Fig.74: 

WHERE THE CHANGE WAS IMPLEMENTED QUALITA TIVEIMPA CT 

PHASE ONE VERY POSITIVE 

PHASE TWO POSITIVE 

PHASE THREE NEUTRAL 

PHASE FOUR NEGATIVE 

PHASE FIVE NEGATIVE 

PHASE SIX VERY NEGATIVE 

Fig.74. Qualitative impact of changes with respect to the Phase of implementation 

It was not possible however to express the qualitative impact of changes in terms of cost. 

Nevertheless as described in the case study methodology, a view was taken that 
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qualitative results such as these were important, in order to understand how the project 

was executed, and needed to be included in the analysis of each case study. 

To illustrate the above; the author has known key design engineers to leave a company 

after being involved in a project that fell into difficulties due to late specification changes 

imposed by the marketing team. In contrast it has also been seen that the effectiveness of 

a team's ability to 'work together' is enhanced when a project goes well. 

9.9 C O N C L U S I O N S F R O M T H I S C H A P T E R 

The above model may allow NPD teams to evaluate where a change should be 

implemented in a project. However, according to many authors (e.g. Smith et al 1991, 

Bums et al 1994 and King et al 1995) 'innovation' is a fundamental part of the product 

development process, which may indeed precipitate changes. It may be therefore 

concluded that 'changes' should be expected, and indeed encouraged, by project 

managers in order to accommodate innovative ways of enhancing the product offering 

through activities such as Value Engineering, Intellectual Property protection (patents); 

or general team activity to reduce costs. 

The above discussion suggests that it would therefore be beneficial to provide a 'window 

for change' in the NPD process to identify the most appropriate time for innovative team 

activity, rather than totally restrict changes in a project as a 'cost generator'. 
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The above derivation of 'cost impact' of changes may assist a project team to identify the 

most appropriate 'window for change' where changes should be encouraged and where 

they should be resisted, within the context of the project. This raises a fiirther question 

(to be addressed later) how to prepare/equip the NPD team to enable them to complete 

their irmovative activities during the window for change. 

It has been shown that a Shark's Fin, peaking around Phase 2, results in a more cost-

effective (efficient) project, than one peaking during progressively later phases. This 

must be viewed with respect to the relative amplitude of the peak, and the context of the 

project. However, it may be concluded that as the Shark's Fin moves fiirther to the right 

in Fig. 75, the change will have a greater cost impact on the project. The same rule of 

thumb applies as the amplitude increases so does the impact of the change. 
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Fig.75. Optimum window for implementing changes 

By way of example, Fig. 76 shows the Sharks Fin peaking at high amplitude during 

phase 6 of a project, depicting an inefficient project. This project example was as a 

Stranger, with the product offering a monopolistic opportunity to the company involved. 

Therefore the 'launch date' was identified as the priority KPI. Other characteristics of the 

project are tabulated to provide a qualitative perspective (Fig.77). 

The following chapter wil l apply the weighting model to the case studies describe in 

chapter 8, to produce Shark's Fin diagrams of the change profiles, together with the 

general characteristics of each project; from which ftirther conclusions may be drawn. 
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Fig.76. Sharks Fin change profile example 

PARAMETER PROJECT CHARACTERISTIC 

TYPE OF PROJECT STRANGER 

INNOVATIVE ACTIVITY HIGH DURING PHASE 3&4 

KPI I TARGETED LAUNCH DATES ACHIEVED (priority KPI) 

KPI2 TARGETED PRODUCT COSTS NOT ACHIEVED 

KPI 3 CONTROL OF CAPITAL SPEND NOT ACHIEVED 

KPI 4 PRODUCT QUALITY TARGETS NOT ACHIEVED 

TEAMWORK IMPACT NEUTRAL 

CONCLUSION INEFFICIENT PROJECT 

Fig.77 Project Characteristics of change profile in Fig. 76 
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C H A P T E R T E N 

C A S E S T U D I E S A N A L Y S I S A N D C O N C L U S I O N S 

10.1 O B J E C T I V E S O F T H I S C H A P T E R 

Throughout this chapter the case study results were analysed to identify trends fi"om which 

conclusions were drawn. The Key Performance Indicators (KPIs) of a NPD project, identified 

earlier in this research, were used together with the change profiles discussed in the previous 

chapter to determine how efficiently each product was introduced. Both qualitative and 

quantitative results were included in the analysis, including a table of 'project characteristics' 

to provide a complete 'picture' of how each project was introduced. Each analysis included a 

list of recommendations, such as alternative tools and techniques that may have benefited the 

project, fi-om each project team. 

10.2 A N A L Y S I S M E T H O D 

A model to quantify the impact of changes was described in detail in the previous chapter; this 

model was used in the analysis of the case studies. The example table shown in Fig. 72 lists 

the delays due to changes for each phase of a project, the 'weighting factor' for each phase 

and the 'penalties' for each phase. This data may be expressed as a cost or dimensionless and 

was used to generate 'Shark's fin' diagrams for each of the following projects. Data fi^om 

each case study was therefore substituted to generate 'Shark's fin' diagrams for each project 

which was used to assist in the analysis. From the 'Shark's fin' diagrams it was possible to 
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discuss how 'efficiently' each product was introduced from the amplitude of the ' f i n ' and 

where (which phase) it peaked. As discussed in the previous chapter, the 'area under the 

curve' of a 'Shark's f in ' diagram, represented potentially wasted, or unnecessary expenditure 

in a project, since the amplitude of the 'Shark's fin' diagram derives fi^om one or all of the 

following: -

1. Unplanned resource time costs, to implement changes. 

2. Unbudgeted toolmaker costs to modify production tools. 

3. Lost Sales revenue. 

It was hypothesised that the 'unnecessary expenditure' in a project may be avoidable given 

improvements in the NPD methodology such as the strategic use of prototypes in the project, 

which was also considered in the analysis. The total 'unnecessary expenditure' may also be 

viewed with respect to the total budgeted investment in the project to provide an indication of 

how 'efficiently' a product was introduced. By way of example, i f it were planned to invest 

£500k in tooling and resource time to develop a new product and the 'Total Project Penalty 

Costs' (Tc) were in the order of £250k; then this would represent a significant inefficiency in 

the project. 

The table showing 'project characteristics' completed the analysis 'picture' for each case 

study, to enable conclusions to be drawn fi-om both a quantitative and qualitative perspective. 
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10.3 CASE STUDY 004: THE FLYMO GARDEN VAC 

The data from the resuhs section has been appHed here to calculate an 'Impact of Changes' 

profile for this case study (see Fig. 78), with a 'Shark's fin' diagram shown in Fig. 79. Fig.80 

tabulates the general characteristics of the project. These figures will be used in the analysis. 

CASE STUDY 004 

PHASE 1 2 3 4 5 6 
D E L A Y S / P H A S E (CD) 0 0 57 40 9 66 
WEIGHTING FACTOR (F) 1 21 54 89 181 181 
PENALTIES / PHASE (PU) 0 0 3078 3560 1629 11946 
PENALTY C O S T S / P H A S E (CP) £0 £0 £107,730 £124,600 £57,015 £418,110 

STANDARD DAILY RATE (R) £35 
TOTAL P R O J E C T PENALTIES (PP) 20213 
TOTAL P R O J E C T C O S T S (TC) £707,455 

Fig.78. Impact of Changes for case study 004. 
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Fig.79. 'Shark's Fin' Change Profile for case study 004. 
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PARAMETER PROJECT CHARACTERISTIC 

TYPE OF PROJECT STRANGER 

INNOVATIVE ACTIVITY HIGH DURING PHASE 4 - 6 

KPI 1 TARGETED LAUNCH DATES ACHIEVED (priority KPI) 

KPI 2 TARGETED PRODUCT COSTS NOT ACHIEVED 

KPI 3 CONTROL OF CAPITAL SPEND NOT ACHIEVED 

KPI 4 PRODUCT QUALITY TARGETS NOT ACHIEVED 

TEAMWORK IMPACT NEUTRAL 

CONCLUSION INEFFICIENT PROJECT 

Fig.80. General Characteristics of the project in case study 004. 

10.3.1 CONCLUSIONS TO CASE STUDY 004 

The only KPI in this project that was achieved was the 'launch date', all other key 

performance indicators of the project were placed secondary to launching this project on time, 

since the innovative features in the product offered a monopolist opportunity for Flymo. The 

product was launched on time and achieved tremendous success from a business perspective 

but is viewed here as an 'inefficient' project. There were significant cost deviations (against 

targets) and capital budget levels were severely overspent. However, the new product was so 

successful from a business perspective, that revenue from the Garden Vac outstripped 

Flymo's sales of Hover Mowers, their core product, in the first 12 months of launch. 
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Flymo, at the time, did not have a well-defined NPD methodology, which hindered the team 

establishing timely clear project deliverables and targets. The project was seen as a 

benchmark step-forward in teamwork cooperation between departments, since the whole team 

were involved from the start of the project. The early formation of the team generated a very 

positive 'atmosphere', fiirther enhanced by the enthusiasm and support from senior 

management. The introduction team did not, however, have available to them 'representative' 

prototypes for meaningftil team studies such as FMEA, VE and DFM, which prevented 

conclusions to these studies until delivery of the production tools. The amount of 'post 

project' development, from off-tool components, was attributed to 'poor' quality prototypes. 

The prototype models used in the project were 'hand fabricated', that is, not made directly 

from CAD data such as SLA or CNC methods, and used mainly for aesthetic and ergonomic 

studies by the Marketing and Engineering functions. Thus the prototypes were not totally 

representative of the production intent, neither was the model capable of disassembly for team 

studies and this lead to some frustration for the team. The results also show a high degree of 

product returns in the first year of launch, with corresponding high 'line reject' rates which 

the manufacturing team members thought they could have reduced i f suitable prototypes had 

been available. The product cost status was not verified until phase 3 of the project, which 

resulted in a great number of changes in an attempt to hit targets which were not, in the end, 

achieved. 

The change profile shows a high degree of activity during phases 4 and 3 and after the 

completion of the tooled parts, i.e. at a high cost impact to the project. It was viewed by the 

team that; i f higher fidelity prototypes had been available for team studies by each 
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department, this would have avoided many of the late changes and would have provided an 

earlier indication of cost deviations. There was also significant 'post launch' (phase 6) 

development. 

From a 'qualitative' perspective, the introduction team was highly motivated and 'enjoyed' 

working as part of a multi-fiinctional group, which included some key external suppliers. 

Also since the product was a 'new' category, a great deal of excitement and interest was 

generated from the senior management, which fiielled the enthusiasm of the team. 

Unfortunately, the issues associated with poor prototypes fiiastrated an otherwise positive 

team view. 

The prototype model was used successftilly to reach an agreement between the Marketing and 

Engineering function with regard to styling aesthetics and product performance. This greatly 

enhanced the personal relationships between the Marketing and Engineering team members 

and removed the 'silo mentality' and distrust that previously existed between the two. 

However, even the aesthetic attributes were not verified early enough to update the design 

before production tooling had got under way. The following summarises the team's 

recommendations for future projects: 

1. Provide more accurate prototype components for team studies. 

2. Have the prototype components made available to each functional discipline. 

3. Provide control documentation identifying project deliverables and cost status reports. 
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10.4 CASE STUDY 005: THE FLYMO TC 350 AIR-CUSHION LAWNMOWER 

The data from the results section has been applied here to calculate an 'Impact of Changes' 

profile for this case study (see Fig. 81), with a 'Shark's fin' diagram shown in Fig. 82. Fig.83 

tabulates the general characteristics of the project. These figures will be used in the analysis. 

CASE STUDY 005 
PHASE 1 2 3 4 5 6 
D E L A Y S / PHASE (CD) 0 0 25 131 24 20 
WEIGHTING FACTOR (F) 1 21 54 89 181 181 
PENALTIES / PHASE (PU) 0 0 1350 11659 4344 3620 
PENALTY C O S T S / P H A S E (CP) £0 £0 £74,250 £641,245 £238,920 £199,100 

STANDARD DAILY RATE (R) £55 
TOTAL P R O J E C T PENALT IES (PP) 20973 
TOTAL P R O J E C T C O S T S (TC) £1,153,515 

Fig. 81 Impact ( 
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Fig.82. 'Shark's Fin' change profile for case study 005. 
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PARAMETER PROJECT CHARACTERISTIC 

TYPE OF PROJECT STRANGER 

INNOVATIVE ACTIVITY HIGH DURING PHASES 4 -6 

KPI1 TARGETED LAUNCH DATES NOT ACHIEVED (priority KPI) 

KPI2 TARGETED PRODUCT COSTS NOT ACHIEVED 

KPI 3 CONTROL OF CAPITAL SPEND NOT ACHIEVED 

KPI 4 PRODUCT QUALITY TARGETS NOT ACHIEVED 

TEAMWORK IMPACT VERY NEGATIVE 

CONCLUSION VERY INEFFICIENT PROJECT 

Fig.83. General Characteristics of the project in case study 005. 

10.4.1 CONCLUSIONS TO CASE STUDY 005 

The TC350 project was regarded as a 3'̂ '* generation air-cushion grass collecting lawnmower 

by Flymo, offering many innovative features to aggressively attack market share held by 

competitive 'wheeled-rotary lawnmower' manufacturers. The initial conceptual development 

involved many engineering and technical problems, which accounted for the first two years of 

the project. However, this conceptual development, according to Manufacturing and 

Marketing team members, had: 'progressed far beyond a stage where their contribution could 

significantly benefit the project without substantial redesign of the product'. This resulted in 

a degree of disownership from those team members and precipitated many changes to the 
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design proposal to get them 'back on board'. This caused delays to the project, gross 

overspend of capital funds and conflict within the team. 

It can be seen from the results that the 'unrecoverable delay' totaled 187 days, and there was a 

fiarther 210 days 'post launch' development. The majority of the 'delays' in the project 

occurred after the completion of the plastic injection mould tools. This was when the team 

members were eventually able to carry out their studies, with engineers and marketing 

Product Managers able to establish performance criteria from off-tool parts. The results of the 

team investigations were many Change Requests with subsequent changes to the production 

tools, causing delays and unbudgeted modification costs. Product quality data also indicates 

high 'line rejects' and 'returns' during the first year, which was attributed to poor team 

studies. 

Product cost tracking showed the product to be 58% above target, at time of launch, which 

was reduced from 68% over target during the course of the project, resulting in a number of 

engineering changes to bring the cost down. This in-tum contributed to the gross overspend 

of the capital budget for the project, which exceeded budgeted figures by almost 160%o, due to 

the late unplanned changes to the production tools. In fact, there were so many changes to 

some components, such as the motor mounting plate, that some of the completed tools were 

scraped and re-tooled. 

It is significant to note that the team did, not reach a 'Firm Product Proposal' in the form of an 

agreed list of deliverables, until after the production tooling was complete. This would 
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suggest either a failure in the team to agree the objectives and deliverables before the 

commencement of the tooling, or poor information, or prototypes, available to enable to the 

team to reach a decision. The change profile figures show a high degree of activity still taking 

place after 'Product Launch'. Late changes of this nature, as discussed in this research, are 

expensive to implement, time consuming and may have only a marginal effect on the 

objective. 

According to the members of the team, the whole project was difficult to manage due to 

constant changes and the lack of clearly defined objectives and NPD methodology. Also, the 

fabricated prototype models did not accurately represent the level of the design on the 

drawing board, nor was it possible to disassemble the prototypes for team studies. This 

directly contributed to misleading information derived from initial FMEA, DFM and Product 

Costing studies. 'Non representative prototypes' were also of little use to evaluate product 

performance, ergonomics and tooling investigations, resulting in many unplanned changes at a 

late stage in the project. The NPD team's recommendations for fiiture projects were: -

1. Involve key team members in the identification and agreement of the project objectives. 

2. Provide more accurate prototype components for team studies. 

3. Have the prototype components made available to each functional discipline. 

4. Provide control documentation identifying project deliverables and cost status reports. 

5. Identify a clear milestone in the plan where deliverables are finalised. 

6. Identify a clear milestone in the plan where the product proposal is finalised. 

7. Issue copies of the updated plan and deliverables at each team meeting. 
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10.5 CASE STUDY 006: THE FLYMO TC 300 AIR-CUSHION LAWNMOWER 

The data from the results section has been applied here to calculate an 'Impact of Changes' 

profile for this case study (see Fig. 84), with a 'Shark's fin' diagram shown in Fig. 85. Fig.86 

tabulates the general characteristics of the project. These figures will be used in the analysis. 

C/^S£ STUDY 008 

PHASE 1 2 3 4 5 6 

D E L A Y S / P H A S E ( C D ) 2 17 35 6 3 0 

WEIGHTING FACTOR (F) 1 21 54 89 181 181 

PENALTIES / PHASE (PU) 2 357 1890 534 543 0 

PENALTY C O S T S / P H A S E (CP) £110 £19,635 £103,950 £29,370 £29,865 £0 

STANDARD DAILY RATE (R) £55 

TOTAL P R O J E C T PENALT IES (PP) 3326 

TOTAL P R O J E C T C O S T S (TC) £182,930 

Fig.84. Impact of Changes for Case study 006. 

£120,000.00 

£100,000.00 

{2 £80,000.00 
O o >• £60,000.00 

f £40,000.00 

£20,000.00 

£0.00 

CHANGE PROFILE 

3 4 
P R O J E C T P H A S E 

5 

Fig.85. 'Shark's Fin' change profile for case study 006 
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PARAMETER PROJECT CHARACTERISTIC 

TYPE OF PROJECT REPEATER 

INNOVATIVE ACTIVITY HIGH DURING PHASE 2&3 

KPI 1 TARGETED LAUNCH DATES ACHIEVED (priority KPI) 

KPI 2 TARGETED PRODUCT COSTS ACHIEVED 

KPI 3 CONTROL OF CAPITAL SPEND ACHIEVED 

KPI 4 PRODUCT QUALITY TARGETS ACHIEVED 

TEAMWORK IMPACT VERY POSITIVE 

CONCLUSION EFFICIENT PROJECT 

Fig.86. General Characteristics of the project in case study 006. 

10.5.1 CONCLUSIONS TO CASE STUDY 006 

The TC300 product was a fiirther development of the TC350 product for Flymo and a 

'Repeater' in terms of innovative contribution, however, the targeted launch date was made 

the priority KPI. The new product was also targeted to significantly reduce costs over the 

TC350 product. Therefore, very few components were common to the two products, 

requiring new production tooling. The project team was also faced with increased product 

performance targets that demanded significant re-design of airflow and cutting mechanisms. 

A challenge set by the marketing team was to significantly out-perform the TC350 product in 

terms of 'grass collection density', i.e. weight of grass clipping collected for a given area of 

grass cut of the same area. 
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It can be seen from the results that, the 'critical path' delay to launching the product was only 

14 days, which was a significant improvement from the TC350 project. Product costs were 

well controlled, being only 4% higher than the initial target. The Capital Budget was also 

well controlled with only a 3% overspend at the end of the project. Line Rejects and Product 

Returns were also well below levels of the TC350 product. 

According to the team, the project benefited from a good Team Leader and a clear 'agreed' 

procedure (NPD Methodology and confrol documentation) for the team to work to. It is very 

clear that the provision of a RP model, closely representing the manufactured product, was 

'invaluable' to verify the product in terms of performance, aesthetics, cost and build 

constixiction methods. The RP model (which was called The Master Model) was used to carry 

out detailed studies such as FMEA and DFM. The Master Model actually carried a label 

attached to it showing signatures of the key team members as confirmation by the team that 

they were happy with the: 

1. Product performance levels and ergonomics 

2. Product aesthetics 

3. Product construction with proposed manufacturing methods 

4. Product Safety, approvals compatibility and Serviceability 

5. Product Packaging design 

6. Product costings 
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The signatures on the Master Models constituted a simple 'business agreement' between the 

introduction team and senior management who 'funded' the extra expense for the models. 

The fiinding for the models was agreed on the basis that the product would be launched on 

time and within the agreed KPIs for cost and investment. 

The project team achieved all of their objectives and the product provided a significant 

increase in market share and contribution to the business. It also greatly enhanced the 

company's confidence in their ability to develop and launch products on time, as well as 

controlling the KPIs identified at the beginning of the project. The strategic use of Rapid 

Prototypes, representing a business agreement with the team and management, was to be 

adopted in future projects. The recommendations fi-om the NPD project team were to: -

1. Adopt the methodology used for this project as a template for all future projects. 

2. Appoint a 'steering committee' with members from each department. To regularly update 

the template from findings of future projects. 

3. Compile an illusfrated booklet describing the philosophies and key elements of the new 

NPD methodology for fiiture NPD teams to use as a checklist and basis for reference. 

4. Present the new Flymo methodology and booklet to the other Elecfrolux group companies 

such as 'White Goods', 'Floor Care', Outdoor Products Europe (Husqvama), and Outdoor 

Products U.S.A. (Poulan WeedEater). 
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10.6 CASE STUDY 007: THE KENWOOD CUISINE FOOD MIXER 

The data from the results section has been applied here to calculate an 'Impact of Changes' 

profile for this case study (see Fig. 87), with a 'Shark's fin' diagram shown in Fig. 88. Fig.89 

tabulates the general characteristics of the project. These figures wil l be used in the analysis. 

CASE STUDY 007 

PHASE 1 2 3 4 5 6 
D E L A Y S / P H A S E (CD) 7 0 146 56 0 0 
WEIGHTING FACTOR (F) 1 21 54 89 181 181 
PENALTIES / PHASE (PU) 7 0 7884 4984 0 0 
PENALTY C O S T S / P H A S E (CP) £420 £0 £473,040 £299,040 £0 £0 

STANDARD DAILY RATE (R) £60 

TOTAL P R O J E C T PENALT IES (PP) 12875 
TOTAL P R O J E C T C O S T S (TC) £772,500 

Fig.87. Impact of Changes for Case study 007. 
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Fig.88. 'Shark's Fin' Change Profile for Case study 007. 
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PARAMETER PROJECT CHARACTERISTIC 

TYPE OF PROJECT REPEATER 

INNOVATIVE ACTIVITY HIGH DURING PHASE 3&4 

KPI 1 TARGETED LAUNCH DATES ACHIEVED (priority KPI) 

KPI 2 TARGETED PRODUCT COSTS NOT ACHIEVED 

KPI 3 CONTROL OF CAPITAL SPEND NOT ACHIEVED 

KPI 4 PRODUCT QUALITY TARGETS ACHIEVED 

TEAMWORK IMPACT VERY NEGATIVE 

CONCLUSION INEFFICIENT PROJECT 

Fig. 89. General Characteristics of the project in case study 007. 

10.6.1 CONCLUSIONS T O CASE STUDY 007 

Even though a multi-functional team was appointed to this project they did not carry out their 

detailed studies and investigations until the production tools were complete and production 

parts were available. Moreover, the team did not agree the project deliverables and agree a 

' f i rm product proposal' until very late in the project, i.e. too late to change. The team was not 

collectively involved in the planning of the project and did not identify key milestones such as 

the timing for an agreement of the ' f i rm product proposal'. This indicates a fundamental 

problem in the methodology used to introduce this product. Also, rapid prototypes were only 

used for studies within the engineering domain denying essential input from other functions. 
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This case study is an illusfration of how an NPD project can fail to achieve all KPIs such as 

the control of capital spend, despite having a multi-functional team, 3D CAD and Rapid 

Prototype components. The team members raised a number of issues and recommendations 

for future projects: 

1. The NPD methodology was unclear with an unstructured multi-functional team 

involvement in the project, resulting in vague team accountabilities and poor 

communication. 

2. Fundamental product performance issues were identified, from 'o f f tool' parts, requiring 

significant redesign and tool modifications in the final stages of the project. 

3. There was a gross overspend in the capital budget due to tooling modifications. 

4. Unplanned additional parts were required to provide last minute changes to the 

specification. 

5. Rapid Prototype components were not made available for investigations outside the 

Engineering domain. Product, issues identified by Marketing, Production and Purchasing 

team members, were not identified until the production parts were available. 

6. The team failed to agree a 'Firm Product Proposal' before the commencement of the 

production tooling. This milestone was only reached 3 weeks before launch, which 

resulted in a number of (heated) debates in the team with regard to the agreed deliverables. 

This is again a symptom of poor NPD methodology. 

The project initiated a complete review of the NPD methodology used in the company. 
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10.7 CASE STUDY 008: THE KENWOOD M E D I U M SIZED DEEP-FAT FRYER 

The data from the resuhs section has been appUed here to calculate an 'Impact of Changes' 

profile for this case study (see Fig. 90), with a 'Shark's fm ' diagram shown in Fig. 91. Fig.92 

tabulates the general characteristics of the project. These figures will be used in the analysis. 

CASE STUDY 008 

PHASE 1 2 3 4 5 6 
D E L A Y S / P H A S E ( C D ) 0 28 0 0 0 0 
WEIGHTING FACTOR (F) 1 21 54 89 181 181 
PENALTIES / PHASE (PU) 0 588 0 0 0 0 
PENALTY C O S T S / P H A S E (CP) £0 £32,340 £0 £0 £0 £0 

STANDARD DAILY RATE (R) £55 

TOTAL P R O J E C T PENALT IES (PP) 588 
TOTAL P R O J E C T C O S T S (TC) £32.340 

Fig.90. Impact of Changes for Case Study 008 
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Fig.91. 'Shark's Fin' change profile for case study 008 
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PARAMETER PROJECT CHARACTERISTIC 

TYPE OF PROJECT REPEATER 

INNOVATIVE ACTIVITY HIGH DURING PHASE 2 

KPI1 TARGETED LAUNCH DATES ACHIEVED 

KPI 2 TARGETED PRODUCT COSTS ACHIEVED (priority KPI) 

KPI 3 CONTROL OF CAPITAL SPEND ACHIEVED 

KPI 4 PRODUCT QUALITY TARGETS ACHIEVED 

TEAMWORK IMPACT VERY POSITIVE 

CONCLUSION VERY EFFICIENT PROJECT 

Fig.92. General Characteristics of the project in case study 008. 

10.7.1 CONCLUSIONS TO CASE STUDY 008 

A 'window for change' was identified in the project plan for this product, which was after the 

completion of team studies from the RP models. The small number of 'unplanned' changes 

during the project suggested that the project team managed this project well. The 'tight' 

control of the product costs and capital budget for tooling also suggests a well-run project and 

that the recently updated NPD methodology, developed by the team, was working. Very few 

deviations occurred in the product specification, deliverables having been clearly established 

at an early stage in the project. 
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One exception to this was a change to increase the heater power output due to the 

simultaneous launch of a competitor product. However, this change request came early 

enough in the project to avoid delays. 

Rapid Prototype models were used in all of the multi-disciplinary 'team' studies such as 

FMEA and VE. The team members claimed that this provided a number of opportunities for 

the team to meet and take part in constructive debates with regard to the efficient design 

configuration of the product. 

It may be concluded that the lack of late change requests fi-om all of the team members was 

assisted by the strategic use of the RP models together with a clear NPD methodology for the 

project. This encouraged the team to resolve issues before the completion of the production 

tools. 

The project was viewed as being very successfiil by the senior management team at Kenwood 

and restored confidence in their ability to launch products on time and within cost and capital 

targets. 
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10.8 CASE STUDY 009: THE DOMNICK HUNTER CONDENSATE DRAINS 

The data from the results section has been applied here to calculate an 'Impact of Changes' 

profile for this case study (see Fig. 93), with a 'Shark's fin' diagram shown in Fig. 94. Fig.95 

tabulates the general characteristics of the project. These figures wil l be used in the analysis. 

CASE STUDY009 
PHASE 1 2 3 4 5 6 
D E L A Y S / P H A S E ( C D ) 0 0 14 0 0 0 
WEIGHTING FACTOR (F) 1 21 54 89 181 181 
PENALTIES / PHASE (PU) 0 0 756 0 0 0 
PENALTY C O S T S / P H A S E (CP) £0 £0 £26,460 £0 £0 £0 

STANDARD DAILY RATE (R) £35 
TOTAL P R O J E C T PENALTIES (PP) 756 
TOTAL P R O J E C T COSTS (TC) £26,460 

Fig. 93 hnpact of Changes for case study 009. 
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Fig. 94 'Shark's Fin' change profile for case study 009. 
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PARAMETER PROJECT CHARACTERISTIC 

TYPE OF PROJECT REPEATER 

INNOVATIVE ACTIVITY HIGH DURING PHASE 2 

KPI 1 TARGETED LAUNCH DATES NOT ACHIEVED 

KPI 2 TARGETED PRODUCT COSTS ACHIEVED 

KPI 3 CONTROL OF CAPITAL SPEND ACHIEVED 

KPI 4 PRODUCT QUALITY TARGETS ACHIEVED (priority KPI) 

TEAMWORK IMPACT VERY POSITIVE 

CONCLUSION EFFICIENT PROJECT 

Fig.95. General Characteristics of the project in case study 009. 

10.8.1 CONCLUSIONS TO CASE STUDY 009 

From the start of this project, Domnick Hunter had all of the elements of efficient NPD, 

identified fi"om the above studies, already in place such as: -

1. Multi-functional teams in NPD. 

2. A clear NPD methodology and Gantt chart template designed by representatives fi-om 

each fiinction. 

3. Clear NPD control documentation. 

4. A clear methodology for the strategic use of Rapid Prototypes. 
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The priority KPI in this project was to improve the quality of the product followed closely by 

product cost reduction. The company was seeing very little contribution to the business from 

the old products due to a combination of poor quality and excessive costs thereby stimulating 

the need for a new range. 

From the initial studies of the RP models, the team identified many opportunities to improve 

the reliability of the product and to exceed cost saving targets through Value Engineering. 

However, the resulting new product proposal required extensive proving trials on the 

production lines and FMEA studies to ensure the reliability of the finished product. 

Therefore, the team decided to delay the project by a fiarther 14 days to fully conclude the 

team investigations using additional RP models. The team also used the weighting model 

described above to evaluate the impact of delaying the project before the commencement of 

tooling, rather than risk delays later in the project. The impact weighting of the 14-day delay 

during phase two of the project, together with the additional VE savings, was used to justify 

the delay and cost of additional RP models to the senior management team. 

Apart from the 14-day delay to launch, the cost savings targets were exceed and the product 

reliability was significantly improved. There remained however, some reliability problems of 

sub-contracted elecfronic sub assemblies for the product. The sub-contractor was not included 

in the RP strategy discussions, which was the only recommendation from the team for fiiture 

projects. 
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10.9 CONCLUSIONS AND CASE STUDY COMPARATIVE ANALYSIS 

From the analysis of the individual case studies, it was possible to make some comparisons of 

the relative attributes of each project and draw fiirther conclusions. Many of the case studies 

achieved the priority KPI, such as targeted launch date, by sacrificing other KPIs such as 

Capital Costs or Product Costs and were therefore cited as being inefficient projects in the 

analysis. 

An example of this was case study 004 the Flymo Garden Vac that was launched on time with 

none of the other KPI targets achieved. Even though the senior management team in the 

company was delighted to have the product in the shops as planned, the analysis shows the 

project to be inefficient. The change profile shows that the 'innovative' team activity 

occurred fi-om phase four of the project and on into phase six, with significant post launch 

development taking place. Post project reviews by the team cited a number of changes (listed 

in the qualitative analysis) for application to fiature projects. The next case study (005) is 

particularly useful for comparison with the above case because both projects were in the same 

company and were consecutive. The comparison also affords a consideration of differences 

between a 'Stranger' and 'Repeater' product development processes. Case study 005, also by 

Flymo, implemented a number of initiatives together with the application of a new NPD 

methodology and achieved all of the KPI targets resuhing in a 'very efficient project' with 

enhanced qualitative impact on the team. This project was however, regarded as a 'Repeater', 

being a variation of an existing product, and the efficient performance of the team may be 

partly attributed to prior knowledge and experience. This explanation was not consistent with 
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case study (007), by Kenwood, who also developed a 'Repeater' product, which was shown in 

the analysis to be an inefficient project - achieving only the priority KPI. 

Thus comparisons across the efficient introduction of the Hover Mower (006) and the 

inefficient introduction of the Kenwood product (007) may indicate that improvements in 

methodology were not due to general improvements in the industry or to the experience of the 

project manager (author). From observation of two different teams in two different 

companies it seems that improved efficiency is not simply related to a product being a 

repeater but a combination of improved methodology applied repeatedly. 

This observation is substantiated by the second Kenwood project (008), which showed an 

improved performance, compared with the previous case (007). Once again, after the 007 

project, the introduction team (discussed in the qualitative analysis) modified the NPD 

methodology for the next project (case study 008) implementing many of the 

recommendations in this research together with the use of RP models within the 

multifiinctional team. 

Case study 009 is a usefiil example of product development efficiency and a conclusion to this 

work. It might be expected to enjoy the benefits of teamwork and methodology 

improvements as well as the author's ability to manage and deliver improvements. The data 

and discussion in the analysis points out the significant improvements in case study 009 

compared with all of the other cases and relates these improvements to the technical and 

organisational improvements. 
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Case study 009 provided fiarther evidence to show that NPD project efficiency can be 

significantiy improved by ensuring the following initiatives are included in a project: 

1. Multifunctional teams with clear roles and accountabilities are used in the project 

sharing the workload through 'sub group' activities. 

2. A clear NPD methodology, designed by the team, is used to provide guidance and 

'familiar' templates for application by the team. 

3. Robust project management techniques are applied together with appropriate control 

documentation. 

4. Project deliverables are clearly identified and communicated through activities such as 

the Innovation Forum with the priority of the KPIs identified. 

5. A strategic approach to Rapid Prototyping is adopted to maximize the benefits in all 

team activities and to provide a business case for the added cost and time for 

producing RP models. 

6. The weighting model presented in this research can be used to evaluate the relative 

benefits of delaying a project to accommodate S&E changes and product 

enhancements resulting fi-om innovative team activities. 

10.10 C R I T I C A L R E V I E W OF W O R K 

At this stage in the research it was appropriate to critically review how the results of the case 

studies were obtained, together with the methodology used. The nature of the methodology 

and conclusions in the case studies need to be discussed with respect to these topics in the 

extant literature. It was believed that significant differences-existed between the present-work 
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and earlier, published studies, which resulted in the unique contribution from this work. The 

second part of this review will consider the opportunities and consfraints arising from the 

cross-comparison of the case studies presented. 

A significant characteristic of the case studies discussed in the literature was that they derived 

from a narrow academic, sociological or technical perspective rather than a broader 

industrially derived base. Limitations of the studies cited in the literature were identified at an 

early stage and indicated that they tended to be either; based on a single project or a number of 

projects, all conducted within a relatively short space of time. They were without exception 

based upon external observation of processes rather than being based upon the observations of 

participants. Moreover, there was very little consistency in the KPIs used in the previous 

work, some of which were identified as inappropriate in the research. This present work did 

not suffer the deficiencies described above because the research was carried out by the project 

manager (author) and included a number of projects over a period of several years, with a 

common set of KPIs used throughout the analysis. However, it is common to find that 

moving from one methodological approach will probably mean the trading of one set of 

consfraints for another. This is obviously the case here. 

Thus, a characteristic of this type of research, as discussed earlier, was the constraints 

imposed by the nature of 'action research', in that, the research did not follow the classical 

scientific approach. The approach adopted here was a hybrid methodology using scientific 

analysis methods and management/social science observation techniques, taking a more 

anthropological perspective of observation of people interacting in multifianctional teams 
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within a highly technical task enviroimient and subjected to changing technology and 

methods. The research methodology also evolved as the research progressed, in that, a 

method of analysing the data, in the form of an efficiency-weighting model, was not 

developed until after most of the case studies were complete. 

The other issue of some importance in this critical review relates to the timescale of the work 

and the changes in the companies involved in the studies. The following factors therefore 

may influence the fidelity of any comparisons made between the individual case studies: -

1. Considerable time elapsed between each project together with the evolution of 

technology and the experience of the author. 

2. The criteria of what was, and was not, acceptable NPD performance was 

contextually sensitive to each company. 

3. There were different individuals in each project team with different skills and 

experience, making scientific performance comparison difficult. 

In spite of the above constraints and limitations it was concluded that the direct availability of 

considerable first hand data was too valuable an opportunity to miss and that acceptability of 

the above reservations was worthwhile. 

The other aspect that benefits ft'om discussion here relates to the limitations and qualifications 

of the cross-comparison of the individual cases. Al l of the projects were carried out in real 

product development conditions and were subject to practical constraints and pressures, thus, 
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projects could not be stopped and could not be repeated; the results had to be gathered in real 

time or not at all. In addition to this important constraint, in terms of scientific method, the 

comparison of the analysis of the results also required some care. As indicated earlier the 

results were gathered over a considerable time period and so any comparisons across cases 

needs to be seen against a moving historical context. This is particularly important because 

both technology and methodology were evolving rapidly over the period. Care needs to be 

taken to avoid the well-known pitfall of historical reviews. It is important to recognise that 

any individual case has to be seen in its historical context. Comparisons of case 004 with case 

009 needs to recognise the very different technical, organisational and methodology context of 

the cases. 

Further, the author has also attempted to compare the results of the case studies, scientifically, 

without the benefit of a 'control' in the experiment in that it was not possible to totally nullify 

the influence of the author in each project. The job function of the author during the case 

studies also prevented him from allowing any project to run into difficulty thereby altering the 

conditions of the experiment. 
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C H A P T E R E L E V E N 

CONCLUSIONS 

11.1 INTRODUCTION 

Manufacturing Industry has continually searched for ways of improving its ability to 

deliver new and better products to the market as quickly as possible. Finding new 

ways of improving the NPD process was the initiative behind this research and its 

raison d'etre. 

This research, over a period of 12 years, has attempted to build upon previous work, 

including other doctoral studies, by providing more empirical data and evidence to 

identify some of the root causes of problems in NPD projects. Quantitative and 

qualitative research methods were used in the study to contribute to existing 

knowledge in both the Engineering and Business management domains. 

The research approach included a review of the extant literature on the NPD process 

with particular focus on the role and contribution of multifunctional teams in the 

process. Case studies formed a key part of the data collection process whilst using a 

set of derived Key Performance Indicators to quantify the results. The specific 

research deliverables fi-om chapter two are summarised below to remind the reader: 

1. Review the extant literature and practical examples of the New Product 

Development Process in manufacturing industry. 

2. Review Teamwork concepts in NPD. 
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3. Identify appropriate NPD Key Performance Indicators and conduct case studies. 

4. Derive a model to quantify the effectiveness of teamwork activities in NPD fi-om 

case studies. 

5. Investigate, and test out, techniques for improving the effectiveness of teamwork 

activities in NPD. 

6. Draw conclusions and identify opportunities for further research. 

11.2 CONCLUSIONS FROM THIS R E S E A R C H 

Following the review, it was concluded that many of the claims of the effectiveness of 

multifunctional teams in the NPD process were anecdotal in nature and often 

promoted by authors with a commercial interest in the subject. There was also a lack 

of empirical evidence to support the effectiveness of'tools' such as Rapid Prototyping 

and Failure Mode and Effects Analysis in the NPD process. In order to address this 

need, case studies were conducted to provide a rich source of empirical data from 

products intioduced in consumer durable and industrial markets. The provision of 

quantitative data, together with qualitative explanations of the outcome of a project, 

enabled conclusions to be drawn from an engineering and management perspective. 

Inconsistencies in NPD measurement techniques were identified in the literature 

together with the need to provide user-friendly methods for controlling and reporting 

KPIs. Therefore, a set of Key Performance Indicators were derived and used in the 

case studies. The KPIs allowed the NPD teams to clarify project deliverables and to 

precisely target values that were relevant to the business needs of the organisation and 

the type of product under development. It was found that by defining and prioritising 
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the KPIs at an early stage in a project, delays associated with the management of 

irrelevant parameters were minimised. 

A project control pack consisting of a collection of 'single sheet' documents was 

configured to represent the status of each project KPI. The resulting Product Pack 

assisted with the 'project management' of projects by providing concise reports for 

team meetings and milestone appraisals by senior managers. It was found that the 

Product Pack reduced the incidences of misinterpretations of the project deliverables, 

which were identified as sources of late changes and project delays, 

A method of reducing 'Fuzzy front end' delays in NPD projects was presented in the 

form of a controlled brain-storming session called the Innovation Forum. The 

Innovation Forum brought together key stakeholders in the project definition process, 

such as Marketing and Engineering, together with any other functions capable of 

innovating solutions to a market requirement. The Innovation Forum placed the 

accountability of defining the project deliverables with the key stakeholders and 

encouraged ownership of delivery. 

A Sub-Group concept was proposed for the management of key activities during a 

project such as tooling, FMEA, VE and the update of the Product Pack documents. 

Sub-Group leaders reported their activities at each project team meeting, thus saving 

time in the main project meeting by retaining accoimtability of problem solving 

within the Sub-Group. 
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A model was presented to represent the 'impact' of changes in an NPD project with 

respect to the timing and magnitude of each change. The model provided a tool to 

enable a team to gauge the benefits of a proposed change with respect to the costs of 

implementation. The model also enabled an efficiency profile (Shark's Fin diagram) 

to be plotted for each project to provide an indication of the effectiveness of the NPD 

methodology used and tools such as RP and FMEA. 

A methodology for the 'strategic' use of Rapid Prototyping {StratPrd) was explored 

as a strategic management tool in NPD. The StratPro methodology proved to be an 

effective way of placing the business accountability for the costs and benefits of 

Rapid Prototyping, with the NPD team. 

11.3 OPPORTUNITIES FOR F U R T H E R W O R K 

The fijture work can progress in two interrelated directions: fiiture work based upon 

existing data and material, and work using the present methodology and analysis to 

consider future projects. 

Over the twelve years of this work much more data has been collected than is 

presented here. Indeed, inclusion of all of this data would have swamped the structure 

of the thesis and the case studies given here were chosen to be illustrative of the 

process that has been observed and recorded. A key question in proposing this aspect 

of future work relates to the answering of the question 'How can this additional data 

be used profitably?' The way forward is two fold; the application of the existing 

analytical approach to different existing cases, perhaps identifying different or new 
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causal relationships and the possible reductionist approach of considering certain 

aspects for consideration in more detail. Secondly, the additional data can be used to 

refine the analytical approach itself A broader and deeper consideration of the data 

could lead to the establishment of an industrially grounded product development 

philosophy that could underpin a practical and effective integrated 'tool kit ' of 

methods and technology. Time permitting such work could evolve into an extremely 

useful text book or work manual. 

The second area of future work could be the extension of the method and analysis to 

future new projects. A list of recommendations for improving NPD performance was 

provided in the conclusions to chapter ten. This list may be used as a 'check list' for 

further testing without the managerial influence of the author. Similarly, it would be 

interesting to explore how the approach and conclusions drawn from 'mass produced' 

products would relate to other product areas, such as 'one-off manufacture. 

The empirical quantitative and qualitative data results fi-om the case studies were a 

key deliverable in this research. Future data wil l provide a number of opportunities 

for further analysis including comparative studies with NPD projects from other 

industries such as automotive and defence. 

Finally, it is inevitable that any form of analysis or model is open to improvement and 

this is the case here. For example, and of particular importance, the weighting factors 

proposed in this work appear to be helpful but have not been fully developed. At the 

present time the values of the factors used here give results that seem to be 

particularly useful, but the values applied to the illustrations were arbitrary and the 
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whole aspect of the work related to the 'sharks f in ' diagram would benefit from 

further data collection and analysis. 

A model was presented to quantify the 'impact of changes' according to the timing of 

implementation. The model allowed an 'efficiency profile' of a project to be 

calibrated and plotted for projects. The weighting factors in the model, shown in 

Fig.66, were established from company data where the author was employed. 

Opportunities in the future could be provided for calibrating and using the model to 

investigate performance weighting factors that are contextually specific to other 

priorities, perhaps in other companies, fiarther techniques for improving NPD 

performance could be evaluated from this data. The model may be used to 

benchmark a number of projects against each other to test out new techniques and to 

evaluate the effectiveness of various tools such as QFD, FMEA and VE. 

Al l of this work has been industrially based, working with real product development 

projects. To a large extent continuation or extension of the work by the author, will 

depend upon the author's future career moves and job fimctions. 
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