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ABSTRACT

Business environments need to react efficiently and quickly to demand today's global 

markets. The manufacturing industry is an environment that has become more 

competitive due to greater demands from the customer. Technology is evolving faster, 

and this impacts on the accelerating changing market. Customers no longer require mass 

customised goods but want individual high quality products, at reduced costs. 

Businesses then feel that in order to remain competitive, they have to cut costs wherever 

possible to meet these demands.

This research was initiated by carrying out an extensive literature survey on the current 

inter-relationships between Manufacturing Business Improvement Methods (MBIMs). 

The chosen subjects have many areas and theories that can be used to assist in the 

development of improvement programs. The review highlighted that one particular 

improvement concept is lean manufacture. This review carried out an investigation into 

the lean environment and assessed many applications of the concept. The literature 

survey also highlighted some restrictions to lean thinking. It is been proposed how some 

of these limitations can be alleviated by introducing other MBIMs into an integrated 

methodology.

The research assesses currently practised MBIMs and reveals that these methodologies 

have differentiating relationships, thus producing many types of implementation 

strategies. The research resulted in studying the inter-relationships between these 

MBDVIs including cultural issues surrounding process improvement initiatives, so they 

can be unified into an integrated methodology creating a unique strategy that can be 

correctly tailored to a chosen environment.

This research outlines a proposed design methodology that involves ten stages of change 

including the planning, creating, data collection, analysis and strategic implementation 

to apply. The approach flows through the change process systematically highlighting 

how to achieve the best outcome. Feedback into the system is also visible. The 

proposed design methodology incorporates significant findings from the research, as it 

highlights the originality of the amalgamation of both the technical and cultural 

transformations, which are two very different aspects, but highly important factors of
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change. This research highlights the issues surrounding technical and cultural factors of 

change that are the main cause of process improvement failure.

By considering the two factors, a more harmonious approach in implementing the 

MBIMs within a company is achieved, therefore resulting in a higher success rate of 

change. A number of case studies illustrating the implementation of the proposed design 

methodology is also presented to highlight the significance to the manufacturing 

industry. Each application has different requirements and gives examples of how the 

proposed design methodology is tailored specifically to the application.

The initial case study (interrelationship between the supplier and customer) highlighted 

that in order to achieve the ultimate goal lower level projects within the individual 

companies would be beneficial in order to succeed across the supply chain.

The second case study (the supplier) concluded that the improvement would be within 

the organisation of the work within the cell, the capacity of the production line was 

adequate although the demand through the cell was variable and thus impeded the 

production rate. To reduce this variation, it was suggested that improvements could be 

made by having a multi skilled and flexible team operational within the cell.

The final case study (the customer) had the aim to improve information flow to alleviate 

a silo mentality and to improve the whole internal supply chain. This again 

demonstrated differing results due to differing requirements but through tailoring of the 

proposed design methodology.

The extensive literature review has shown that currently there is no integrated 

improvement concept that assesses the current unique business situation and uses a 

number of differing subject areas. This proposed design methodology creates a path of 

transformation which alleviates cultural issues and resistance to change, it gives the 

project team assurance that the right changes are being made in the most efficient 

manner, therefore allowing a smoother acceptance to a change initiative program. The 

saved time can be better spent on training and culture programs to ensure greater 

implementation success. All of these factors aid to reducing the lead-time of a
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traditional change improvement program making the manufacturing environment a more 

competitive industry.

This unified approach has ensured that a number of strategies that are not currently 

synchronised can be implemented successfully. The proposed design methodology will 

automatically reduce factors associated to cost and time; as it also portrays as a confident 

view for success. The literature review also highlights that the failure rate of 

improvement initiative programs is quite high, due to the lack of planning of the cultural 

aspects and because technical issues are easier to implement. This proposed design 

methodology satisfies two main objectives;

1) An integrated business improvement system that analyses many improvement 

concepts

2) Implementing this theoretical design through analysing and evolving cultural aspects
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CHAPTER 1 : INTRODUCTION

1.1 Chapter Introduction

This chapter outlines the reasoning and the scope for the research, as well as justification 

for the case studies to underpin the academic theory. Within this chapter background 

information on the research area is also given.

1.2 Literature Background

Over the past few years a great deal of literature has been produced discussing the way 

in which manufacturing has undergone many evolutionary stages, mainly from mass 

production to a leaner more customised environment. Crute et al., (2003) discuss this 

concept of lean and why such an approach is needed within manufacturing. They argue 

that with changes in the competitive market, customers are requiring a more 'made to 

order' approach, which is having a major impact on the producing companies. Sharp et 

al., (1999) similarly identify how;

...."There is a continuing fragmentation of mass markets into niche markets as 
customers are becoming more demanding with increasing expectations. Also, 
there is a spread of collaborative product manufacture with suppliers and 
customers, joining together to add value within the supply chain. In order to 
cope with these changes, companies are striving to improve their manufacturing 
performance."

Business improvement techniques such as lean manufacture are described as the current 

era. Work published by Womack et al., 1991 and Womack and Jones, 1996 initiated the 

interest in this technique. Improvement theories such as agile production (Sharp et al., 

(1999)) and (Zhang et al.,(1999)), also have defined analyse and implementation 

techniques. These methods are logically structured and concerned with physical 

rearrangement of process flows, material flow, information flows. It is thought that 

these ideas that can only be applied to specific systems.
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As research develops within these subject areas it highlights the importance of more 

philosophical approaches that are needed in the real industrial work place. Other factors 

such as human intervention, cultural changes and the leadership styles are required to 

complete the task successfully. A paper written by Heracleous and Langham (1996) 

identifies the importance of organisational culture change in strategic change processes.

This research study looks into the implementation styles of different business 

improvement concepts within manufacturing systems. Particular areas of interest are 

lean manufacture, agile production, supply chain management, six sigma and discrete 

event simulation. The implementation relationship between these ideas will be 

discussed within the design methodology (Chapter 3). Currently all of these topics have 

theoretical correlation; however they are practised as stand alone concepts. By 

researching these interrelationships, an integrated implementation application has been 

derived in Chapter 3. The fundamental contribution gained from this research is how to 

manage this integration; this is demonstrated in the application of the design 

methodology (Chapters 4, 5 and 6) and discussed in Chapter 7. The niche research field 

highlighted within the literature review will be fulfilled with the proposed design 

methodology outlined in this thesis.

1.3 Industrial Background

The collaborating establishment for this research project is BAE Systems, Rochester, 

UK. From industrial experience within this manufacturing environment, business 

improvement projects are seen as a continual procedure. Whilst these stand alone 

improvement projects evolve, there is a lack of improvement assessment to the 

suitability of the improvement techniques to the environment. Figure 1.1 highlights 

how the research has evolved and how a specific area for investigation has been 

developed for this research. The figure demonstrates how the research was initiated by 

investigating the evolution of lean manufacturing, as well as researching the associated 

tools and techniques. From this the research progressed to understand how the theory 

was being applied, including how the theory was expanding beyond the manufacturing 

industry. This research highlighted some application opinions and views, which 

required investigating possible implementation restrictions. The research study became

22.



more focused to understand these restrictions and investigate possible solutions through 

the application of other manufacturing business improvement methods. Particular 

methods were researched and therefore identified as suitable candidates to diminish 

these restrictions.

Lean Manufacturing Environment

Lean Thinking Applications

Lean Thinking Restrictions

Other Manufacturing Business Improvement Methods

Agile 
Production

Supply Chain 
Management Six Sigma Discrete Event 

Simulation
Implementation 

Management

Figure 1.1: A diagram of the research progression

BAE systems within procurement and operations currently have a business improvement 

team that oversee all improvement projects within these functions. The scale of these 

tasks are isolated from other business areas and tend to be of a adhoc nature. It was also 

noticed that as well as working the projects individually, there appears to be very little 

standardisation across the projects. This was due to a number of reasons;

  The changing of job roles,

  The improvement team consists mainly of graduates,

  The lack of coherent knowledge and structured design of business 

improvement,

  The suitability of the project requirements to the improvement technique.

It was thought that the company would benefit from a structured design methodology. 

This would initiate and continually create standardisation through design to
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implementation of an improvement project. It was also anticipated that this research and 

methodology creation, would benefit the company by introducing many improvement 

techniques that would analyse the suitability of a technique to the project needs.

Having this structure would not limit the improvement project to one technique, but 

would introduce a number of proven techniques, which would work in unison and suit 

the project requirements. It was seen that this investigation would eliminate these 

observations and would allow standardisation, the analysis of technique suitability as 

well as the elimination of silo mentally. This would drive change beyond the initiating 

functions and set to improve across the supply chain in unity.

1.4 Research Scope

The chosen subjects have many theories that can be used to assist the development of an 

improvement program, however extensive research by the author has shown that there is 

not an integrated manufacturing business improvement roadmap in a sequential format, 

using a number of strategies, in differing subject areas. The topics that have been 

chosen are due to experience with business improvement initiatives both academically 

and industrially.

1.5 Research Objectives

The main objectives of this research are to:

  Review and investigate the lean environment and applications

  To assess the inter-relationships of MBEVI applications as they are currently 

practised

  To create an integrated methodology which supports many facets of these 

concepts, including technical and cultural issues

  To create a user friendly roadmap of change that enables proposed design 

methodology applications to a number of case studies

  To highlight the flexibility of the proposed design methodology through 

testing and enable specific tailoring to the application requirements
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  To discuss the outcomes of the case study applications to verify the proposed 

design methodology creation

  To conclude and highlight the research contribution

  To discuss further work that is a result of this investigation

1.6 Research Aims

The aim of this research work is to contribute to knowledge by creating a design 

methodology that solves the research objectives. In this particular study the literature 

requirement that has been identified is to integrate a number of specific MBIM's 

alongside the fundamentals of lean manufacturing. With this integration a clear 

roadmap will be created to highlight the importance of structured design and 

implementation, along with analysis of method suitability given to the particular 

environment. This research also aims to study the cultural aspects of MBIM's to 

understand the relationship between technical and cultural business improvements.

1.7 Research Philosophy

The subjects discussed and the objectives stated are defined throughout the thesis. All of 

the subject areas are fully researched from varying sources of information. This enabled 

an understanding of previous research and allowed it to be developed further within this 

study. Having completed the research, a detailed methodology of the approach was 

written and justified through case studies. The results found were demonstrated in 

graphs, tables or drawings, depending upon the requirement. The results were discussed 

and analysed enabling future research to be identified.

1.8 Chapter Summary

This chapter has identified how the research will be undertaken and completed. This 

chapter has discussed the literature background and highlighted the theoretical 

requirement for this study. The industrial contribution for the investigation has also 

been discussed and outlined the benefits that were achieved. Having discussed the 

project scope the next stage was to study the current literature available.
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CHAPTER 2 : LITERATURE REVIEW OF MANUFACTURING 
BUSINESS IMPROVEMENTS METHODS

2.1 Chapter Introduction

This chapter investigates and studies previous research within manufacturing business 

improvement methods (MBIM's). The main focal concept is lean manufacture as it is 

currently the most discussed and practised application. This chapter discusses the 

evolution of the technique along with the application of lean within manufacturing, 

including the restrictions of the concept. Other MBIM's are investigated and their 

association with lean are studied, to assess eliminating these lean limitations through 

subject integration.

2.2 An Overview of Manufacturing Business Improvements Methods

The manufacturing industry is an environment that has become more competitive due to 

greater demands from the customer. Technology is evolving faster, and this impacts on 

the accelerating changing market. Customers no longer require mass customised goods 

but want individual products, at reduced costs. Businesses then feel that they have to cut 

costs wherever possible to meet these demands to remain competitive. Manufacturing as 

a whole requires a change in the way merchandise is produced (Berkhauer and Pepper, 

2003). Products quickly become outdated, therefore there is a need to quickly develop 

and change items. This increases costs and overheads. However, there is also the 

pressure to deliver the items to the customer at a competitive rate. It has been 

documented for a number of years that this has been the case, but companies are unsure 

how to regain competitive advantage. Bayraktar et al (2007) discuss the evolution of 

operations management and highlights the main trends in each era. The paper 

demonstrates how the current era consists of built-to-order supply chains that are flexible 

and responsive to customer demand and market requirement.

Ultimately all MBIM's aim to enhance the business for a number of advantages;

  Reduced lead time

  To be more cost effective
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  Reduced inventory

  More efficient estimating process

  More communication throughout the supply chain

  Reduced supplier base

  Reduced over heads

Many different MBIM's are applied at any given time within a supply chain and the 

success of the outcome is dependent upon the suitability of the technique to the 

environment.

A great deal of literature exists explaining a number of different concepts and techniques 

that are available within logistics and manufacturing systems, some more defined than 

others. Particular areas of study are lean manufacture, agile manufacture, supply chain 

management, six sigma and discrete event simulation. All of these subjects have 

previously been researched and studied, with some having in depth detail whilst others 

are at different development phases. These topic areas have been investigated and 

comparisons between them have been generated in this thesis. However, there is a 

shortage of literature on the study of 'Business Improvement Techniques' integrated 

together. This literature review chapter will describe, analyse and create a deeper 

understanding of these concepts by discussing their interrelationship and identify other 

topics that will enhance the application.

Manufacturing has been defined as "the making of goods and articles by hand, or 

especially by machinery, often on a large scale and with the division of labour" (Schey, 

J.A. 1977). Manufacturing techniques have developed over the years. The type of 

manufacturing process required is very dependant upon the types of materials that are 

being processed. There are a number of ways to classify manufacturing systems, 

however generally there are three types: mass production, batch production and job- 

lot/make to order production the differing systems. These systems are highly 

documented, including approaches of improvement method. It is highlighted (Rother 

and Shook, 1999) that these manufacturing systems require documentation and 

benchmarking prior to improvement. A review was carried out by Aguilar-Saven (2004) 

that classified techniques associated with Business Process Reengineering (BPR). The
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authors created this classification for their own research purposes and it indicates a 

structured framework for BPR methods.

Business improvement concepts are always evolving. These ideas have been influenced 

and driven by Japanese manufacturing processes. Figure 2.1 highlights the trend in the 

automotive industry over the last twenty years. The diagram mainly identifies how 

Japanese manufacturing techniques were being practised a decade later, by the Western 

manufacturing industries. It also demonstrates the power the Japanese industries have 

over Western companies competing for the same customers. Continuous improvement 

methods within manufacturing and the evolution of this has been discussed by Bhuiyan 

and Baghel (2005). The paper highlight that today more sophisticated methodologies 

can be used in any organisation, however continuous improvement today is quite 

challenging as it requires organisational change on many levels.

Production 
Driven

Market 
Driven

Figure 2.1: The process orientation drive 

(Johansson et al, 1993, cited (Nairn et al, 2002))

Looking at these concepts that have originated from Japan, Katayama and Bennett, 

(1999) discuss how the Western manufacturing industry is following the Japanese 

techniques and identify their reasons for doing this. The literature also studies the 

concepts of lean, agility and adaptability. It was discovered through research and 

surveys that companies are trying to understand the cost of adaptability through agile
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initiatives, even though agile manufacturing strategies opposes some lean procedures. 

These Japanese methods are advertised as lean manufacturing techniques to the Western 

global sector and it is these concepts that are seen as the latest business improvement 

methods to apply.

2.3 Lean Manufacturing

2.3.1 The Evolution of Lean Manufacture

It was Deming (1900-1993) who emphasised waste reduction in Japan in the 1950's; 

however the elimination of Muda (Waste) which is associated with the theory of the 

Seven Wastes, was introduced by Taiichi Ohno (1912-1990). The removal of waste is a 

central theme of lean thinking. Deming revolutionised industry by developing better 

ways for people to work together, by creating quality and management techniques which 

continually improve and redefine mistakes as opportunities for improvement. Taiichi 

Ohno who was the assembly manager for Toyota, developed many improvements that 

eventually became the Toyota Production System. Through the work with Toyota he 

began to assist several U.S and European firms with implementation of these techniques.

Hines et al (2004) gives a brief history on the concept of lean and highlights the 

evolution from the origins of Japanese manufacturing right up to the concept as it is 

perceived and applied today. A functional model created by Hicks et al (2004) also 

classifies the strategic issues of waste. The model is applied within a case study which 

researches the models used within the supply chain. It was thought that this model could 

be used to,

...."Facilitate communications internally within a company and externally 
between companies." (Hicks et al, (2004))

Womack et al (1999) and Womack and Jones (1996) have renewed the same theories 

and consolidated the ideas into a methodology. In the past decade the knowledge and 

use of lean manufacture has increased, the concepts are more worldwide and the 

literature of successful implementation has been enhanced. This has contributed to 

improving the efficiency, flexibility and the need to respond to demands in many
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manufacturing environments. This study will demonstrate that the evolution of lean 

manufacture is expanding to other environments and industries, proving that the 

principles of lean manufacturing can be applied to many environments as well as all 

levels of the supply chain. These techniques are now often referred to as 'lean' or 'lean 

thinking'.

2.3.2 The Lean Environment

The main concept of lean is to eliminate waste and from this 'Five Lean Principles' have 

been devised (Rother and Shook, 1999). These principles start by specifying value from 

the customer's perception, instead of giving the customer what is convenient for the 

manufacturer. These principles are seen as a journey of continuous improvement. 

'Learning to See' (Womack and Jones, 1996) is a clear method of benchmarking through 

mapping the current and future state of a process as it indicates the flow of both 

information and material. More recently the concepts of 'Continuous Flow' (Rother and 

Harris, 2002) and 'Seeing the Whole' (Womack and Jones, 2002) have been introduced. 

These are the implementation procedures above and below the supply chain in the 

'single plant' method explained in 'Learning to See' (Womack and Jones, 1996). It is 

suggested (Womack and Jones, 1996) that the ideal environment is the manufacture of 

product family that has low variability, high volume, and adequate quality. The 

techniques are best applied in a standardised environment. This concept also applies 

better to a product family of the same technology but more importantly that same 

process flow through the products production life cycle.

The references previously mentioned (Hicks et al, 2004, Rother and Shook, 1999, Rother 

and Harris, 2002, Womack and Jones, 2002) highlight that lean thinking can easily be 

conducted in many different levels of the supply chain, figure 2.2.

Throughout these methodologies there is the basic mapping method; however each level 

has a different variation. Martinez Schanez and Perez Perez (2001), introduces the main 

concepts, by highlighting manufacturing strategies and types of lean indicators. As the 

understanding and use of lean thinking increases, the greater the research expands into 

more in depth detail on implementation. Smalley (2004) and Harris et al, (2003) 

actually discuss and identify methods of more in depth implementation.
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PROCESS LEVEL I Creating Continuous Flow
I (Rother & Harris, 2001)

T
SINGLE PLANT | Learning to See

(Womack & Jones, 1999)

\

MULTIPLE PLANTS I Seein9 the whole
• (Womack & Jones. 2002)

\

ACROSS COMPANIES I Seein9 tne Whole
• (Womack & Jones. 2002)

Figure 2.2: The different levels of mapping through lean thinking 

(Womack and Jones, 2002)

Throughout these methodologies there is the basic mapping method; however each level 

has a different variation. Martinez Schanez and Perez Perez (2001), introduces the main 

concepts, by highlighting manufacturing strategies and types of lean indicators. As the 

understanding and use of lean thinking increases, the greater the research expands into 

more in depth detail on implementation. Smalley (2004) and Harris et al, (2003) 

actually discuss and identify methods of more in depth implementation.

2.3.3 Applications of Lean Thinking

As the lean philosophy is associated with a high volume, low variety environment, it is 

thought that the application of lean is mostly limited in a 'job shop' environment 

(Karlsson and Ahlstrom, 1996). There is a great deal of literature on the understanding 

of the concepts (Martinez Schanez and Perez Perez, 2001) and how they can be applied 

(Soriano-Meier and Forrester, 2001 and Kojima and Kaplinsky, 2004). The 

understanding of lean thinking to date has been widely implemented within the 

manufacturing industry (Achanga et al, 2006, Seth and Gupta, 2005, Herron and 

Braiden, 2006 and Nairn and Barlow, 2003). Lee-Mortimer (2006a) applies lean 

initiatives to electronic product manufacturing operations and discusses the design and 

implementation of the application.

Mabry and Morrison (1996) discuss the need to develop a production system for 

automotive components applications, with the paper following through the use of a lean
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process tool that is used to evaluate the flow. This type of detailed implementation that 

is covered by the Mabry and Morrison (1996) is hard to extract from literature. Time 

studies have been created in order to generate a leaner environment through the use of 

Just In Time (JIT) and Kanban, (Abdul-Nour et al, 1998). However, in the era of lean 

and agile systems, these ideas can seem very basic when used in a complex 

manufacturing organisation.

The most concentrated industrial environment associated with lean thinking is the 

automotive industry. A great deal has been written on the success and implementation 

of lean manufacturing systems within this business (Hines et al, 2002). It has also been 

documented that the aerospace industry has many similarities to the automotive trade 

(Mathaisel and Comm, 2000).

The automotive industry is the largest manufacturing business and lean practises 

originated from this industry. The most significant business improvement to the car 

industry was the transformation of Toyota. Since then all other automotive 

manufacturers have aspired to follow these techniques to remain competitive, these ideas 

created from Toyota are the fundamentals of lean principles. Hines et al (2002) 

investigated the use of lean techniques within the automotive industry. The literature 

describes how the concepts of lean and project management have been used to map the 

current system over a six months period and suggested improvements. The authors 

applied strategic management ideas and cost analysis, one particular useful technique 

was to create a strategic change programme (figure 2.3).

/\
Infrastructure

\

Value 
Creation

^
Waste 

Reduction

b 1
External

Figure 2.3: The Strategic Change Program 

(Hines et al, 2002)
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A framework was developed that could be used to implement lean thinking, strategic 

cost management, marketing and policy deployment, and to apply this to an automotive 

dealership. The study was very top level but on balance the study proved to be 

successful. A particular drawback was the time consuming nature of collecting the data 

required. In conclusion the following method (figure 2.4) was established to create a 

framework.

Operational Level 
Strategic Level

Business Strategy Formation ~ 7 \ 
and Policy Deployment

Business Strategy Validation 
and Action Planning

Process Activity 
Understanding

Process Costing 
Understanding V

Figure 2.4: A framework for integration 

(Hines et al, 2002)

By applying this framework to a case study it enabled the authors to break down 

departmental barriers. However the study was very labour intensive for all concerned 

and so it was difficult to obtain reliable data as some of the areas within the organisation, 

were not being measured.

Cooney (2002) also writes about categorisation of vehicles in the automotive industry, 

but the case study looks into a component manufacturing for automotive vehicles. This 

paper investigates the use of batch production along with the constraints of lean 

production. It was found that although the technique in principle is unique, the 

implementation and the applicability to different types of environments was more 

demanding. It was also thought that,

...."Lean manufacture provides only a partial model of manufacturing systems, if 
they cannot account for the range of circumstances faced by companies." 
(Cooney, 2002)
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Constraint management and lean thinking has been integrated (Taj and Berro, 2006) to 

identify bottlenecks and waste within the automotive industry. Using these methods in 

tandem created better throughput in the plant.

Lean thinking has also been established in the aerospace sector. Mathaisel and Comm 

(2000) discussed a study that was initiated in 1993 to see if lean principles were 

applicable to the military aircraft industry. From this the Lean Aircraft Initiative (LAI) 

was created whose aim was "to create and implement road maps for change in the US 

defence aircraft industry and the broader industrial base supporting it." A strategy for 

implementation was similar to that shown in figure 2.5. This strategy however is "very 

top level" and is more of a management strategy.

1. Building the Lean Consortium

4. Testing the Research Approach

I
5. Benchmarking: Finding the "Best In 

Class" Practices

8. Establishing Controls to see if 
desirable results are achieved

2. Targeting Potential Stakeholders

i
3. Deciding on the Research Agenda

6. Analyzing and Assessing the 
Findings

7. Implementing the Concepts

Figure 2.5: An eight step strategy for implementation 

(Mathaisel and Comm, 2000)

Other authors (Haque and Moore, 2004) have researched the performance measures of 

lean thinking within the aerospace industry, whilst others (Bhuiyan et al, 2006) looked at 

creating a continuous improvement methodology that uses lean sigma and Achieving 

Competition Excellence (ACE) and concluding by stating "people make continuous 

improvement successful".
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One particular paper that is interesting is by Phillips (1999) and whose basis is the use of 

agile manufacturing in the aerospace industry. It was particularly interesting because of 

the association between the aerospace and automotive industry.

...."The two products marketed by two respective industries are technically poles 
apart both in volumes produced and application. The respective markets are 
served by basic families of products, each family having a product aimed at a 
particular sub-sector/'

A fascinating analogy (which can be seen in figure 2.6) was derived to summarise the 

similarities between the aerospace and automotive industry.

Volume Producers

  Both are dominated by volume producers

  Automotive = Specialist catering for local markets

  Aerospace = Serving the sub 100 seats market

Unique Sectors

  Both have unique sectors requiring different variants of a product

  In both industries components are shared across the respective family

Impacted by Economy

  Both are impacted by world economy and financial events with the world economy

Respond to Business Cycles

  Both respond to business cycles and economical phase transitions by upsizing or 

downsizing their operation in line with market demand

Figure 2.6: Similarities between the automotive and aerospace industries

(Phillips, 1999)
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The author explains the paradox, that the world-wide output of automotive vehicles is 

millions per annum, but the aerospace only has an output of a few thousand per annum. 

However, the true comparison should be between manufacturing systems employed to 

produce the volume for their respective markets. It was thought that the aerospace 

industry is currently facing market conditions similar to that of the automotive 

environment of the early 1980's and so therefore the businesses are forced to change.

In order to manage the slowdown it has been identified that some of the major aerospace 

companies such as Boeing and Airbus Industrie are now adopting the lean production 

philosophies of the automotive industry, having proved that this concept can be 

applicable to the aerospace business in a similar way that it was introduced to the 

automotive environment.

Haque (2003) explains the use of lean thinking concepts and applies these to three 

aerospace companies. The investigation looks into Kaizen on a design process, single 

piece flow on a new product and off-line development to speed time to market. From 

the work carried out it was found that the lead-time was significantly reduced on all 

three accounts. The information appeared to be very in depth and it would have been 

interesting to see how these improvements had an effect of the rest of the supply chain. 

Other useful literature that has been written (Haque and Moore, 2004) is the 

measurement of the performance of introducing lean to a new product within the 

aerospace sector. This was because it was found that the collection of metrics was the 

most time consuming task, and so the authors created formulae that could be used to 

gather a quick perception of the company.

Literature was created by another aerospace component manufacturer, BAE Systems. 

The company has a dedicated business excellence team which is used to "manage 

change and monitor business improvement in the organisation". Figure 2.7 highlights 

the business improvement strategy created for business improvements.
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Figure 2.7: The business improvement house from BAE Systems

It can be seen from this literature research that business improvement initiatives are 

being implemented in the aerospace sector. It has also been noticed that these are 

comparable techniques to those being used by the automotive industry.

Crute et al (2003) discuss the use of lean practises within the aerospace industry. They 

state that the largest problem is the difference in volume, which contradicts what has 

been written by Phillips (1999). It can be deduced from these ideas (Crute et al, 2003 

and Phillips, 1999) that discussion around benchmarking activities are dependant upon 

where the customer is seen in the supply chain. If it is perceived that the end customer is 

the owner, then there is a difference in volume between automotive and aerospace 

industry, but if the end customer is the user, then the difference in volume of the end 

customer requirements is not to dissimilar. The theory raises debate about how the end 

customer is defined in any given situation.

The concept of lean thinking is expanding from the production functions into the design 

and development of the product (Berkhauer, 2006). Alford et al (2000) argue that one 

philosophy is that the customer should be involved in the conceptual stage of the product 

to determine the design features of the product to best meet their needs. This solution 

allows customers to design products which they are able to change as opposed to just 

pushing variety into the current market. Within the automotive industry it is said that
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three strategies can be derived from mass customisation and are explained in figure 2.8. 

These three strategies reflect the integration of the customer with the value chain.

VALUE CHAIN

Where 
Customisation CUSTOMER 

Occurs

Core Kir-i-r-M-< r ~"~
Customer, NEEDS L—

Optional NEEDS f — 
Customisation L —

Form Kippnc P —— 
Customisation L ——

DISTRIBUTION

} CUSTOMISED | ~

> CUSTOMISED I ——

^ CUSTOMISED
TS^ )

MANUFACTURING

I.

['
CUSTOMISED 1 ——

CUSTOMISED

STANDARD

DESIGN

~^ CUSTOMISED

: STANDARD

STANDARD

Figure 2.8: Automotive customisation 

(Alford et al, 2000)

Haque and James-Moore (2004) also researched into implementing lean techniques with 

the design of new products and gives two examples. The authors implemented lean at 

'New Product Introduction' project management level and they used a macro-level 

approach and identified that a sustainable approach was missing. However, this is 

applicable within other businesses such as the service industry and more information 

based companies (Papadopoulou and Izbayrak, 2005 and Hicks, 2007).

As the concept of lean thinking has developed the application of the concept has 

expanded enormously. An industry that has applied lean initiatives is the healthcare 

industry (Fairbanks, 2007 and King et al, 2006). Kollberg et al (2007) creates a 

framework to place lean thinking in healthcare services. Lean thinking has also been 

applied within universities (Comm and Mathaisel, 2005 and Billington, 2004), Comm 

and Mathaisel (2003) show how the "intent is to provide a paradigm of how a lean 

sustainability could be developed and implemented by colleges and universities". The 

"Lean Iceberg Model" (figure 2.9) was created (Adapted from Hines and Lethbridge, 

2008, cited (Hines and Lethbridge, 2008)) to show that as lean initiatives are applied, the
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more enabling attributes of lean thinking and change become visible. What the model 

demonstrates that is of particular interest, is the order of enabling attributes. For 

example the application of lean initiatives are easiest with 'Processes' and hardest with 

'Behaviour and Engagement'.

Processes

Technology 
t Tools and Icihniuues
T VISIBLE

Strategy and Alignment

Leadership 

Behaviour and Engagement

Figure 2.9: The lean iceberg model 

(Adapted from Hines et al, 2008, cited (Hines and Lethbridge, 2008))

Another author who chooses the use of lean applications is Arbos (2002). This work is 

particularly interesting as it demonstrates how the same concepts and ideas can be used 

within the services industry as well as manufacturing. This highlights that the system of 

lean thinking is well structured, but very versatile and simplistic to comprehend. It also 

demonstrates how the application of lean manufacture is not necessarily limited to the 

manufacturing environment. Other industries are applying the principles (Pepper and 

Spedding, 2006a) by eliminating waste, creating value and making the same radical 

improvements as seen previously in the automotive industry.

A great deal of research has been carried out within the construction industry (Kempton, 

2006, Green and May, 2002 and Salem et al, 2006). Green and May (2005) discuss how 

lean thinking was applicable to the construction industry. However, the main issue 

which is concurrent across many industries will be the implementation and acceptance to 

change, "The likeliest outcome is that managers give lip-service to the language of 

lean" (Green and May, 2005). Other industries where the concept is being implemented
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within its initial stages, is the food industry (Person et al, 2005 and Simons and Zokaei, 

2005) and within the marketing and retail industries (Found and Rich, 2007 and Sharma 

and LaPlace, 2005).

2.3.4 Restrictions of Lean Manufacturing

The literature survey has looked and studied the application of lean thinking and its true 

success has been discussed. However this survey has also highlighted that some 

manufacturing environments are more researched with lean techniques than others whilst 

highlighting some significant limitations of lean thinking. Fearne and Folwer (2006) 

discuss the limitations of lean in isolation. In those environments that are more job shop 

orientated these become boundaries to the extent that lean can be applied. In some cases 

there can be many restrictions that hinder the lean transformation.

It can be found that in large manufacturing organisations the implementation of lean 

manufacture consists of pull systems and some waste removal. This is due to applying 

this concept to one particular area of a large organisation and having to retain a 

traditional supply chain around the system. Therefore, judgement is required in the 

intermediate change process to alter from push to a pull systems throughout the supply 

chain and the business functions. There are many factors that hinder the transition 

between the traditional system and the new lean procedure (figure 2.10).

SUPPORTING FACTORS

Lean Product 
Development

HINDERING FACTORS

Figure 2.10: How lean manufacture is not always applicable to all manufacturing

Industries

(Karlsson and Ahlstrom, 1996)
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The main issue that Karlsson and Ahlstrom (1996) consider is how some aspects of lean 

development hinder the implementation of change from the traditional system to the new 

lean product development. Some of these factors are;

...."1. Difficulties in creating a cross-functional focus in the organisation.
2. Simultaneous engineering being an inherent paradox.
3. Managing the project through visions is an intricate matter.
4. Strains in the relationship with suppliers involved in the development 
process."

It can be argued that these issues are not due to lean manufacture but could be generic 

through all manufacturing business improvement concepts. However, it does indicate 

the issues that need to be considered when making changes.

Melton (2005) has created a diagram, figure 2.11 that shows the benefits and advantages 

of implementing lean initiatives. More importantly it highlights the "forces resisting 

lean". These typically are natural resistances as well as production and functional 

culture.

FORCES SUPPORTING LEAN

The Need to get closer to customers in an 
increasingly competitive environment

The desire to be compliant in an 
increasingly regulated environment

The Potential Benefits:
• Financal - decreased operating 

costs, potential capital avoidance
• Customer - better understanding of 

their needs
• Quality - rnore robust processes 

leading to less errors
• People - empowered mufti-skilled 

teams
• Knowledge - Increased

understanding of the whole supply 
chain including the manufacturing 
processes and all other processes 
within the Value Stream

BEING 
LEAN

FORCES RESISTING LEAN

Natural resistance to change seen as:
• Scepticism on the validity of the lean

philosophy
• "We've seen this before" assuming 

"lean" Is another improvement 
initiative or "fad"

• Lack of availability of time - too busy 
with the "day job"

Concerns about the impact of change on 
regulatory compliance (SHE, Qual ty, etc)

Production Culture
• i_arge campaigns, large batches, 

minimal changeovers, never stop 
producing

• Manufacturing drives the supply 
chain - support needs to "keep up"

Functional Culture - staving in functional 
silos

Figure 2.11: The forces opposing and driving a change to 'lean'

(Melton, 2005)

41.



A large contributing factor can be the resistance to change from employees. Being able 

to collect detailed and relevant information is essential. Lean thinking also requires a 

stable, repetitive system with limited flexibility, requiring varying kanban sizes which 

all hinders the data collection process. Lean thinking techniques can lack a holistic view 

that considers its neighbouring supply chain. Understanding the supply chain is 

necessary to enable a successful implementation process, for example investigating the 

true single level process that happens up and downstream in the supply chain.

Cagliano et al (2006) discuss how lean integrates information and physical flows and 

that Enterprise Resource Planning (ERP) systems only look at information flow. The 

authors states that;

...."Manufacturing companies are today facing the problem of integrating supply 
chain and manufacturing strategies to optimise operations throughout the value 
chain."

This indicates that initiatives such as lean manufacture require a holistic outlook across a 

value chain.

A limitation with lean is the need for zero defects with the highest quality possible is 

required in a production system to ensure successful implementation and continuous 

improvement. There are some environments where lean is not ideal and the use of 

features from other MBIM's may provide a better solution. Bendall (2005) argue that 

"lean maybe criticised for potential naive simplisticity". Six sigma is a business 

improvement tool that looks to improve the quality within systems and research work 

has been carried out to study lean sigma initiatives. By combining these ideas of a lean 

with those associated with six sigma, the "Work becomes more focused and time scale 

for implantation is shorter." (Markarian, 2004).

Research undertaken by Cox and Chicksand (2005) identified how concepts of lean lack 

flexibility. The studies looked at how these limitations could be addressed with concepts 

of agile production; figure 2.12 shows the profiles of each technique. They argue that 

"the lean approach is not always the most appropriate way to manage internal processes 

and external relationships". This paper discusses some of the limits of lean management 

thinking.
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Distinguishing Attributes Lean Supply Agile Supply

Typical products Functional products Innovative products

Marketplace demand Predictable Volatile

Product variety Low High

Product life cycle Long Short

Customer drivers Cost Availability

Profit margin Low High

Dominant costs Physical costs Marketability costs

Stockout penalties Long-term contractual Immediate and volatile

Purchasing policy Buy materials Assign capacity

Informatioin enrichment Highly desirable Obligatory

Forecasting mechanism Algorithmic Consultative

Figure 2.12: Lean and agile product profiles 

(Cox and Chicksand, 2005)

Lean thinking is a concept that is simple to design and thus very theoretical. The 

concept does not consider the practicalities of implementation into a real system and this 

hinders the route of improvement. These requirements was highlighted by Worley and 

Doolen (2006) who quoted that "the importance of studying organisational phenomenon 

within real-world settings".

Implementation plans are also inadequate, normally through designing a lean system the 

changes are so significant from traditional manufacture that the implementation strategy 

needs to be of a continual design and improvement. Lean thinking lacks implementation 

direction. Thomas et al (2003) discussed the same issues and stated that focusing "more 

on workforce management strategies to improve". This statement justified the need for 

implementation strategies through cultural change methods to enable ad assist a lean 

transformation.

2.3.5 Lean Manufacturing Summary

Lean manufacturing is a philosophy that can be successfully used in high volume, low 

variety environments, to reduce waste and inventory. Ultimately to reduce lead times it 

is necessary to increase on-time delivery and respectively costs. It has been discussed
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how lean manufacture can be applied at any given point within the supply chain; 

however the functioning processes around this needs to be considered.

It has also been shown that there are some environments where lean manufacture is not 

ideal and it is thought that by using features of the other techniques, this may enhance 

the transition. Agile production is seen as a concept which in some cases is more 

applicable to those situations where lean manufacture is not always compatible. With a 

combination of the two, a leagile system can be introduced.

Lean manufacturing gives little consideration to the quality of the products; some of 

these limitations could be addressed through six sigma strategies. By understanding the 

supply chain this shall give lean a holistic view and management techniques can enhance 

the implementation of the lean design. Realistic scenarios could be created in simulation 

models to test the future state. Lean manufacture is described as an improvement system 

that can be used in any industry. It has been discussed how lean was created within the 

automotive industry and as the knowledge expands, the industries of applications 

broaden and one particular example is the aerospace industry.

2.4 Eliminating Lean Limitations

2.4.1 Agile Production

There are many papers that discuss agile manufacture and the practicalities of the 

concept, (Van Assen et al, (2000), Yu and Krishnan, (2004), Meredith and Francis, 

(2000) and Gunasekaran et al, (2002)).

... ."Agility means using the market knowledge and virtual corporation to exploit 
profitable opportunities in a volatile market place" (Naylor et al, (1999))

Figure 2.13 highlights the authors (Jin-Hai et al, 2003) perception of agile production, 

and how this compares to other business improvement concepts. Agile production is 

really driven by competition and must be incorporated in the organisation's 

development. Depending on the company there will be different levels of the 

implementation of agility throughout the supply chain.
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...."Agile production embodies the ability to cope with change by the application 
of partners' core competencies to supply customised products. It requires the 
synthesis of diverse technologies within an integrated system." (Jin-Hai et al, 
2003)

MASS MANUFACTURING
Invest money in equipment & facilities
Sepcialisation
Many Layers
Slow decision making
Product Development time in years
Inconsistent quality

REAL AGILE MANUFACTURING
Invest money in core competency
Core competence
Virtual organisation
Share all types of resources
Satisfied customers in days or hours
Satisfy customer's quality requirements

LEAN MANUFACTURING
Invest money in technology
Reduced waste
Removed layers
Greater dependence on suppliers
Product development time in months
High quality at point of sale

AGILE MANUFACTURING
Invest money in people & information systems 
Robust, reconfigurable teams, infrastructure 
self-directed work teams, management break barriers TO 
Effective technology and information integration 
Development time in weeks 
High quality throughout product life

Figure 2.13: Categorical differences in mass, lean, agile and real agile manufacturing

(Jin-Hai et al, 2003)

Lin et al (2006) evaluate the use of agility through the use of fuzzy logic, as with most 

business agile improvement concepts, it is thought that, "the main driving force behind 

agility is change".

A methodology was created by Meredith and Francis (2000), to understand the agility of 

a company by deriving an agile wheel which is divided into four categories. This 

explores agility through strategy, process, people and linkages. This theory was created 

to transform a company into an agile organisation with "the ability to respond 

proactively, to changes within increasingly competitive global markets."

The concept of agile production is increasing but the theory is less regimented than lean 

thinking and the definitions including the implementation procedures are not as well 

structured. However, similarly to lean the main procedure is to synchronise the system 

and understand the production flow. Yao and Carlson (2003) investigate a case study
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that highlights all of these issues and the problems that occur through the 

implementation phase. Yusuf et al (1999) explain an implementation procedure and 

gives a detailed definition of the capabilities of agile manufacturing. The main points of 

the definitions are:

...."  High quality and highly customised products.
  Products and services with high information and value-adding content.
  Mobilisation of core competencies.
  Responsiveness to social and environmental issues
  Synthesis to social and environmental issues.
  Response to change and uncertainty.
  Intra-enterprise and inter-enterprise integration"

Figure 2.14 highlights the key factors that are associated with the implementation of 

agile production.

Metrics

Agility

Competitive 
Bases

Agility 
Attributes

Pathways/ 
Obstacles

Figure 2.14: A framework for achieving agility 

(Yusuf etal, 1999)

A limitation of agile production is that in most environments, products are not unified 

throughout the whole production process and so the techniques of lean can be applied up 

stream within a more stabilised environment. Many writers have investigated the use of 

lean manufacture and agile production (Narasimhan et al, 2006), and found that in those 

manufacturing environments where neither concept is totally suitable, the methodologies 

can be integrated to produce a leagile system.
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Bicheno (2004) argues that there is a lot of literature that discusses both lean 

manufacture and agile production. The writer believes that,

...."There has been a large amount of frankly incorrect, misleading waste written 
attempting to compare lean with agile and to identify market segments for each 
or claiming 'distinct differences by using selective quotation'."

The outcome from this theoretical conflict is to combine the two techniques in a leagile 

system. From the research currently undertaken by the author it can be summarised that 

both lean manufacture and agile production can easily be applied throughout the supply 

chain and at different levels of the supply chain, independently. From this it can be 

assumed that it is possible to integrate the concepts of the two techniques to produce a 

leagile system. However, it is important to investigate how well this philosophy is 

documented and its applicability within the supply chain.

A significant finding from this literature research is the understanding of creating a 

"Leagile" supply chain (Prince and Kay, (2003), Nairn and Barlow, (2003) and Sharp et 

al, (1999)). Leagile systems allow the advantages from both lean and agile concepts to 

be used as the theories have different attributes. Integrating the lean and agile 

techniques within the supply chain provides a very powerful tool. However, the critical 

issue is the positioning of the decoupling point (Mason-Jones et al, (2000)).

..."Leagility is the combination of the lean and agile paradigm within a total 
supply chain strategy by positioning the decoupling point so as best to suit the 
need for responding to a volatile demand downstream yet providing level 
scheduling upstream from the decoupling point." (Naylor et al, (1997) cited in 
(Mason-Jones et al, (2000))).

Characteristics those both lean and agile manufacturing aspire to be are: the removal of 

waste, reducing the necessary waste and compressing the lead-time in both the material 

and information flow. However a particular dissimilarity is that lean production pulls 

material through the supply chain, but in an agile environment the material is still 

pushed through the system. It is thought that a system where standardised products are 

produced (upstream) the material can be pulled through the supply chain, but when the 

products become more specific (downstream) an agile system is more beneficial. This is 

when the decoupling point in the chain is required and it is important to ensure that the
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decoupling point is placed in the correct point in the supply chain. The decoupling point 

acts as a buffer between the two paradigms because of the change in demand. Figure 

2.15 highlights the most suitable point for a decoupling point in different supply chains.

The effects of a decoupling point reduce the 'bullwhip' effect of demand up the value 

stream. The demand upstream has less variability as it is forecast driven whereas 

beyond the decoupling point the demand is customer driven and so the variability is 

greater. The decoupling point acts as a buffer between the two paradigms because of the 

change in demand.

Raw Material -  
Supplier  --

kl.Manufacturers /
Assemblers 

Material I Material

Retailer End Users

Figure 2.15: Supply chain strategies with a stockholding decoupling point 

(Hoekstra et al, (1992) cited (Naylor et al, (1999)))

A survey created and discussed by Power et al (2001) look at results which were carried 

out by Australian manufacturing companies. The companies were assessed using critical 

success factors in agile supply chain management. This research also highlighted that 

the concepts of agile production can be implemented across the supply chain. Together 

with methodologies created by Womack and Jones (2002) on applying lean manufacture 

within the supply chain, it was proven that theoretically a leagile system could be 

introduced into a supply chain.
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2.4.2 Supply Chain Management

Some researchers portray supply chain management as a macro mapping tool across 

companies (Womack and Jones, 2002), while others see it as a subject based around the 

logistics, distribution and transportation of products throughout the process (Mason et al, 

2003 and Nairn et al, 2002). Supply chain management is managing the supply chain, 

the processes and procedures from the raw material through, in many companies, to the 

end customer.

Value Stream Mapping (VSM) is associated as a lean tool used to improve the existing 

system. However, it is important to look carefully at the variability in the order and 

material flows. Mapping throughout the external supply chain is harder because mapping 

is required through all company boundaries. It also requires the cooperation of all 

department and divisions within the company, as well as the companies up and 

downstream. Because of this supply and demand throughout the chain, the variability 

will increase making the system less stable. In order to control this inconsistency there 

needs to be a relationship between the company and the supplier, a 'partnership aims at 

zero receiving inspection and at delivery directly to point of use' (Bicheno, 2000). It is 

also necessary to agree to on-time delivery from the supplier and structured demands 

from the customer.

Ultimately more frequent small deliveries are required to create a stable and lean 

environment and the supplier base will have to be reduced in order to create this 

relationship with the more important suppliers. Bicheno (2000) demonstrates (figure 

2.16) the reduction in cost to the customer if there are better relationships with the 

supplier.

There are many techniques by which to improve the relationships within the supply 

chain with Towill et al, (2000) and Nairn et al (2002) discussing and investigating a 

method of 'Quick Scanning'. This method is used to evaluate how well the process and 

procedures within the supply chain meet the end customers requirements. This idea was 

carried out on a case study and highlighted paradigms such as, lean thinking, business 

process re-engineering and agile production. Other methods are used to reduce the 

supplier base in order to create a better relationship with the supplier and the buyer:
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Annual
Spend

(cumulative)

Suppliers, ranked in order of spend

Figure 2.16: Rationalising the Supplier Base 

(Bicheno, 2000)

...."By single sourcing the suppliers provides easy control of the procurement for 
achieving the lean supply objectives beside some important advantages." (Barla, 
2003)

Work carried out by Bredstrom et al (2004) discusses the use of models to improve the 

supply chain. To organise the supply chain, models can be created to understand the 

current state or to test new programs, the models can be created either mathematically or 

through simulation software packages. Work carried out by Bredstrom et al (2004) 

discusses the use of models to improve the supply chain.

A book written by Bolstorff and Rosenbaum (2003) discusses the use of supply chain 

council, a non-profit organisation formed in 1996, to develop a Supply Chain Operations 

Reference (SCOR) methodology, figure 2.17. This SCOR model is used by a number of 

organisations such as Compaq, Lockheed Martin, Rockwell Semiconductor, 3M and 

many more. The model is based on a number of processes.
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DELIVER 0 SOURCE 0 MAKE 0 DELIVER I.) SOURCE I I MAKE I I DELIVER (JSOURCEf) MAKE 0 DELIVER 0 SOURCE

Your CompanySupplier's 
Supplier I

Customer's
| Cus

I Internal or External Internal or External I

Supply Chain Operations Reference Model

Figure 2.17: The SCOR model 

(Supply-Chain Council, Inc, 2001(cited in Bolstorff and Rosenbaum, 2003))

The SCOR methodology appears to be very powerful with Bolstorff and Rosenbaum, 

(2003) discussing the use of the technique in a case study and indicating why and how 

decisions are made as the methodology progresses. The authors have highlighted a 

roadmap on how to implement the reference model, shown in figure 2.18.

Analyze Basis of 
Competition

Operations 
Strategy

Align Performance
Levels, Practices,

and Systems

Supply Chain Scope 

Performance Metrics 
Supply Chain SCORcard 
Competitive Performance Requirements 

and SCORcard Gap Analysis

Material 
Flow

Implement Supply 
Chain Changes

AS IS Material Flow

Disconnect & Gross Opportunity Analysis
Supply Chain Strategy and Best Practice

Analysis 
: TO BE Material Flow

Information & AS IS Work/Information Map 

Work Flow Transactional Productivity Analysis 
TO BE Work/Information Map 

: Prioritize List of Changes

Implementation Master Schedule of Projects 
ROI Analysis
Technology Selection
Detail Requirements, Solution Design, 

Configuration, Test & Go Live

Figure 2.18: The SCOR roadmap 

(Supply-Chain Council, Inc, 2001 (cited in Bolstorff and Rosenbaum, 2003))

51.



A paper by Mason et al (2003) assesses warehouse and transportation management 

systems and how the two can be integrated to reduce supply chain costs. The results 

proved that the key to integrating warehouse and transportation management systems is 

that a virtual warehouse can contain information on the past, present and projected 

location of each supply chain through time. The simulation study highlighted that 

virtual warehousing can be used to reduce lead-time variability, improve efficiencies and 

reduce costs. However, these ideas are only conceptual and costs that would be 

associated with such integration have to be considered.

Supply change management relies mainly on the organisation of the logistics, as well as 

structured planning schedules, forecasting techniques, and inventory control. However, 

the concept depends upon the type of the system (Caridi and Sianesi, 2000). One view 

that is being introduced is the idea of virtual logistics, by using the same principle as 

banks transferring money and with the use of the internet, materials and products can be 

transferred virtually through inventories, buffers and warehouses (Clarke, 1998). 

Advantages indicate the reduction of costs associated with holding stock, along with 

obsolescence costs and ideally stock turnover would increase.

This literature survey on supply chain management has identified how this 

manufacturing business improvement concept is a very broad topic. Previously it was 

discussed how lean manufacture can be applied within a supply chain as well as the 

overall supply chain (Womack and Jones, 2002). Supply chain management enables a 

holistic view within the transformation of a lean business improvement. By integrating 

the theory of supply chain management and lean this would eliminate issues related to 

dysfunctional improvement projects (Pepper and Spedding, 2006b), lack of 

communication and isolated improvement projects.

2.4.3 Six Sigma

Six Sigma is a quality improvement technique that has been successfully implemented in 

industry.

...."Six sigma is an organized and systematic method for strategic process 
improvement and new product and service development that relies on statistical
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methods and the scientific method to make dramatic reductions in customer 
defined defect rates." (Linderman et al, 2003)

An article written by Ingle and Roe (2001) is a discussion of the methodology and is 

based upon their previous work. The article also explains how "Six sigma employs a 

range of tools to eliminate the causes of variation". This variation is the cumulative 

variations created by a small variation within processes, either through production 

conditions or human error.

The initiative of six sigma implementation is through in house training of greenbelts, 

black belts and master black belts. Master black belts are trained externally and then 

train others internally through the green and black belt processes. Master black belts 

also over see the projects that are created from the training, which are undertaken by 

greenbelts and black belts. Different companies (e.g. Motorola and GE) perceive the 

implementation process differently; however the principle is the same, (the case study 

used in Ingle and Roe, 2001). The main process for improvement is the Define, 

Measure, Analyse, Improve and Control (DMAIC) (figure 2.19).

DMAIC

Define

Measure

Analyse

Improve

Control

• Define the project goals and customer (internal and external) 
deliverables

• Measure the process to determine current performance

• Analyse and determine the root cause(s) of the defects

• Improve the process by eliminating defects

• Control future process performance

Figure 2.19: The definition of the DMAIC process

(URL1)

However, it has been discussed that a more advanced technique may be used in some 

cases, this is known as the Design, Measure, Analyse, Design and Verify (DMADV) 

process (figure 2.20),
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Define
Define the project goals and customer (internal and external) 
deliverables

Measure Measure and determine customer needs and specifications

O Analyse • Analyze the process options to meet the customer needs

Design Design (detailed) the process to meet the customer needs

Verify • Verify the design performance and ability to meet customer needs

Figure 2.20: The definition of the DMADV process

(URL1)

this is used when;

....."  A product or process is not in existence at your company and one needs to 
be developed.
  The existing product or process exists and has been optimised (using either 
DMAIC or not) and still fails to meet the level of customer specification or six 
sigma level." (URL1)

This reference was explaining how different techniques are required for different 

environments. It was thought by Simon (2005, URL1) that the DMADV theory was 

better used in an environment where the product was new or where DMAIC was not best 

suited.

However, these ideas can be related to other ideas and concepts to understand business 

improvements in general. Other publications describe the need to reduce variability in a 

manufacturing environment. Li, (2003) looks at the need to control production through 

reducing variability, but still within the lean constraints of demand-pull production. 

Aase et al (2004) discuss the use of quality techniques such as 'design of experiments 

(DOE)' and 'analysis of variance (AOV)' to improve labour productivity. Cua et al 

(2001) studied the relationship between 'JIT', 'total productive maintenance (TPM)' and 

'total quality management (TQM)' to increase manufacturing performance.

Six sigma includes quality improvement techniques (Kwak and Anbari, 2006) and in 

each project the concepts and improvement ideas will vary depending upon the nature of
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the project. Quality techniques are then required when transforming the state of a 

system and so the cycle between the two systems is continually evolving.

Many companies are using the concept of lean because of the need to reduce lead-times 

and to reduce inventory. Lean thinking assumes that the quality of the product is of a 

high standard and leaves little flexibility for the faulty products. Figure 2.21 (created by 

the author) highlights how the integrated use of lean manufacture and six sigma will 

continually evolve through the design and implementation.

Define i—- Measure

SIX SIGMA

Analyse Improve Control

LEAN

V-

Current State

1

Future State

v j

Continual 
Improvement

^ J

r

SIX SIGMA

Define —^ Measure —T\ Analyse '—J Improve —* Control

Figure 2.21: The interaction of six sigma and lean thinking

By combining these ideas of a lean thinking with those associated with six sigma, the 

"Work becomes more focused and time scale for implantation is shorter." (Markarian, 

2004). It is widely known that six sigma has been used extensively with lean thinking. 

Bicheno (2004) writes about lean manufacture and six sigma, stating that,

..."Lean is better at the big picture, at establishing the foundation through 
activities such as 5S and standard operations, whilst six sigma offers a powerful 
problem solving methodology through DMAIC."

An article written by Markarian (2004) highlights the importance of using these tools 

together to achieve better results rather than using any single concept. This article
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discusses how six sigma can improve first time yield and reduces some waste in 

manufacturing processes. However, lean thinking tools generate a more significant 

breakthrough in waste elimination.

Research has developed and the concepts of lean and six sigma have been integrated, 

introducing lean sigma initiatives (Furterer and Eishennawy, 2005, Byrne et al, 2007. 

Fairbanks, 2007, Andersson et al, 2006 and Bendell, 2006). Proudlove et al, (2008) 

make comparisons between the implementation of lean and six sigma. The research 

highlights how:

...."Implementation is a bigger issue and perhaps where attention should be 
focused, rather than on the techniques themselves".

However, Lee-Mortimer (2006b) discusses how six sigma programs deal with deep 

rooted quality issues within manufacturing and suggests that even initiatives such as lean 

manufacture can be eliminated. Whilst Kumar et al (2006) quote;

... ."Lean sigma combines the variability reduction tools and techniques from six 
sigma with the waste and non value elimination tools and techniques from lean 
manufacture, to generate savings to the bottom-line of an organisation."

The paper proposes a lean sigma framework where lean tools were used within the six 

sigma DMAIC process to reduce defects occurring in the final product.

2.4.4 Simulation Modelling

Simulation is a time-based model of a real-world process or event. Simulation provides 

a means to create an artificial state of a system in order to analyse and study its 

operational characteristics. Yazici (2006) discuss how simulation modelling can be used 

to teach facility layouts in either job shop or cellular manufacturing to under graduates. 

This work highlights how simulation modelling can be used along with continuous 

improvement techniques.

Whether designing new systems or asking questions about existing systems, simulation 

is a powerful tool to provide answers to complex problems that fall outside the realm of
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analytic methods. Simulation models are produced in a number of different formats, 

either through mathematical analysis or software creation. It is believed that;

.... "The new generation of simulation tools should support not only the 
traditional tasks (statistical data analysis, model building and verification, etc.), 
but also the decisions concerning situation analysis and the defining of the 
project objectives, the generation of solution variants and their evaluation" 
(Kosturiak and Gregor, 1999)

Kosturiak and Gregor, (1999) indicate the problems associated with change in process 

and manufacturing environments, without the use of simulation models prior to the 

transformation. Two typical mistakes are over capacity and under capacity. Very few 

papers actually write about the application procedure of models to systems. However 

Liu et al (2005) describe the use of simulation software for scheduling a bell-type batch 

annealing shop. The paper actually looks at the application of this study and identifies a 

structured method for creating a discrete event model in which the constraints are 

highlighted as well as the handling of the shared resources.

A great deal of literature involves simulation model analysis through the mathematical 

analysis approach (Chen and Chen, (1996), Hendry et al, (1998), Cheng and Duran, 

(2004) and Lin and Fu, (2001)). Work carried out by Chen et al (2002) looks at a 

simulation study of logistics activities in a chemical plant and the main advantage from 

creating simulation models on an existing system by carrying out 'What if scenarios. A 

study carried out by Lyons et al (2000) conducts a comparative study of alternative 

approaches to modelling the operations of a small enterprise. The simulation tools 

selected are WITNESS, SEV1ET II and OME. WITNESS is a visual and interactive 

piece of software which is capable of modelling both discrete and continuous systems 

and uses a standard Windows interface. It was found that:

...."WITNESS provided the most consistent results, both in terms of deviation of 
results from the observed values and the reproducibility of the results through 
repeated replications of the model." Lyons et al (2000)

WITNESS was also the only tool that was able to sample from empirical data. Parola 

and Sciomachen (2005) use WITNESS (2004) to create a port system network. The
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paper highlights how the model was applied to the network and the actual logic that was 

used. Again the tool was used to create a number of suitable scenarios for optimisation.

Other published work examined was from the creators of WITNESS, 'Lanner'. They 

provide case studies that have been carried out using the simulation software tool. The 

studies used BAE Systems as the industrial environment. The case studies demonstrated 

how WITNESS was an integral part to business improvement programmes and cycle 

times were halved and capacity was increased, in some instances by more than fifty 

percent. In another case study WITNESS was used to design a new plant layout using 

Computer Aided Design (CAD) which can be integrated into WITNESS. Fontanili et al, 

(2000) also used WITNESS to replicate a flow system to calculate optimisation methods 

through the use of algorithms.

Another limitation of lean thinking is the realism of the designed system, as lean 

thinking is very theoretical in its design and it has been shown how the implementation 

of the future state is harder to achieve (Balle and Balle, 2007). Schroer (2004) have 

shown how simulation modelling could be used to model the theoretical model for 

realism.

One particular disadvantage of lean thinking is the lack of human intervention, for 

example the inability to assess and make a judgement on the process. This therefore 

increases the variability into the system. Variability can be modelled in simulation 

modelling through the use of distribution and complexity factors to make the model as 

realistic as possible. However, by using simulation alongside lean thinking this 

variability can be reduced and ideas can be generated to produce improvements from 

these. Factors that aren't always easily considered are:

  The different skills of workers

  Factors such as days off through sickness, holidays, training development

  Different shift patterns of work

  Machine reliability and capacity

  Defective products and rework
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Schroer (2004) indicates there is a correlation between simulation and lean manufacture. 

So ideas and suggestions that are created from lean manufacturing developments can be 

tested through simulation models, to understand the outcome of these ideas and to 

measure their suitability.

...."Simulation is ideally suited to understand the concepts of lean 
manufacturing, such as the following;

  Line balancing against takt time
  Pull versus push manufacturing
  Batch versus one-piece flow
  Kanban inventory control
  Process variability reduction." (Schroer, 2004)

Schroer (2004) gives a detailed discussion and provides a simple case study of a 

manufacturing cell. The simulation model uses the concepts of lean manufacturing to 

optimise the model and the model then allows the user to make the changes derived from 

the lean manufacture ideas to suggest a suitable outcome.

Lian and Van Landegham (2007) discuss the use of simulation modelling with VSM, 

which is a tool associated with lean thinking. Abdulmalek and Rajgopal (2007) uses 

simulation modelling to test the 'before and after' scenarios created to contrast with that 

created from VSM. The model was used to illustrate to managers the potential benefits 

such as reduced production lead-time and lower work-in-process inventory.

2.4.5 Implementation Management

To ensure that any business improvement is planned and implemented successfully, 

certain management methodologies can be used. Having researched manufacturing 

techniques, concerned with transforming a traditional manufacturing system to a lean 

environment, it was discovered that aspects of implementation management were 

required to assist the transformation to increase the rate of success.

As previously discussed there are many writers that have stated that implementation of a 

theoretical design is harder to achieve (Proudlove et al, 2008, Hines and Lethbridge, 

2008, Balle and Balle, 2006, Bhuiyan et al, 2006, Green and May, 2005, Smart et al, 

2003, Thomas et al, 2003 and Baines et al, 2006). It is believed that the success of
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implementation is the strategy management and people behind the theoretical design. It 

was found by Caron and Fiore (1995), that these issues are the main reasons for late 

deliveries, excess work-in-progress and large warehousing. All this was due to weak 

management tools and techniques that are either incorrectly implemented or are not used 

robustly.

Abdul-Nour et al (1998) introduce how the use of the kanban techniques and the JIT 

philosophy can be used in a project management style to improve a small manufacturing 

business. The achievement was that the lead-time was reduced from six months down to 

less than two months. This involved standardising the parts, modularising the Bill of 

Materials (BOM), understanding the critical path, creating a time study and looking into 

the plant layout with the final stages being to investigate the production planning and 

improving the system and implementing the outcomes. This finally cohered with the 

basic and simplest principles of lean (introducing a pull system through the use of 

kanban techniques), however project management concepts were used to capture the 

traditional systems and to test the new model.

To ensure the success of any change in the organisation of a company, a structured 

implementation plan is required and the process and procedures are fully understood 

(Berkhauer-Smith, 2007). In figure 2.22 a route map has been created for integrating 

leanness and agility. This implementation plan highlights how material and information 

flows should be integrated to minimise stocks, demand and lead-time but also to increase 

profit. By introducing a leagile supply chain, the system can then be cost-effective 

upstream of the decoupling point and achieve high service levels down stream.

There is also a great deal of research about strategy management. However, within this 

study it was important to understand the association of lean thinking with strategy 

management to give the lean theoretical design implementation structure. Knowles et al 

(2005) created a model that associates continuous improvement with strategy 

management, figure 2.23. The model shows how to integrate six sigma with lean tools 

to ensure strategic goals.
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Figure 2.22: A route map for integrating leanness and agility 

(Mason-Jones et al, 2000)
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61.



Other work has entailed the use of VSM to "determine the belief, behaviour and 

competences processed by business leaders". This work carried out by Emiliani and 

Stec (2004) also highlighted that maps alone are not enough to change the mindset of the 

business leaders and change their fundamental belief in leadership. This work also 

highlighted the need for cultural and mindset change, when transforming a traditional 

manufacturing environment.

De Toni and Tonchia (2002) identified the "missing links between the literature 

concerning new production models on one side and that concerning corporate and 

manufacturing strategies on the other", this is shown in figure 2.24.

Literature on 
Corporate 
Strategic

Management

Literature on
Manufacturing

Strategy

Literature on 
New Production 

Models

Operations
Management

Figure 2.24: Driving corporate strategy through the supply chain 

(De Toni and Tonchia, 2002)

This diagram highlighted the need for overall corporate strategy to drive the changes 

throughout the supply chain. Other research work that studied the integration of strategy 

management and lean manufacture is by Tagore (2007). This work discusses the use of 

'a roadmap that integrates the technical transitions with managerial transitions to create a 

'High Performance Process Plant' which are referenced to 'World Class' and 'Lean 

Management' plants.

62.



Abdul-Nour et al, (1998) identified that the design of a lean system is easy to create but 

that implementation is harder to achieve. The resistance to change is the hardest factor 

to accomplish when implementing business improvements (Trompenaars and Hampden- 

Turner cited in Finlay, (2000)). This approach can be seen as the "forgotten" strategy 

when introducing change since the more technical concepts are seen as the most 

important due to the time frame given or the easier approach to take. Educating 

employees in these ideas, although costly, is effective, but usually the most complex part 

is to actually implementing these ideas. Having the management and work teams 

involved and interested is important for successfully implementation.

Reijers and Liman Mansar, (2005) reiterate again how BPR is seen as a "twofold 

challenge" and it highlights the use of different practises to reorganise the structure. 

Typical techniques are:

• Centralisation - treating geographical dispersed resources as if they are 

centralised.

• Empowerment - giving workers most of the decision making authority, 

reducing middle management and techniques such as outsourcing or task 

automation.

Other writers who indicate that there are problems with changes are Huang and Mak 

(1999) who by conducting a survey noticed that problems such as 'poor 

communications', 'problems being discovered too late' and 'internal departments not 

being co-operative', hindered these changes. Even though these problems were noticed 

they were not really addressed in the research and there was no indication on how to 

confront these issues and transform the ideas into reality.

Alsene (1998), Link and Marxt (2004) and Tavcar and Duhovnik (2005) present ideas on 

social-cultural change management. These authors' highlighted factors such as the risks 

associated with change, but also highlighted the implications of technical changes to the 

design and development phases of a process. They also discussed how these issues 

would effect the changes in the manufacture of a product. But it is particular hard to 

find documentation on the implications and implementation procedures of change 

management within a manufacturing business. However, Balogun and Jenkins (2003)
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discuss how organisations have to understand change as a process of knowledge 

generation.

...."For organisational transformation to occur, an organisation's members need 
to evolve new tacit knowledge about the way they interact both with each other 
and external stakeholders, and how they co-ordinate their activities."

Balogun and Jenkins, (2003) identifies case studies, particularly an engineering company 

that has been expanding and required changes to the structure. The case study highlights 

the resistance to change and how these resistances are overcome. One concern that was 

raised was the type of knowledge concepts that were applied to the change management 

philosophy as some of these ideas conflict with the principles of lean. However, the 

paper emphasised sharing knowledge, having better teambuilding skills and having 

better relationships with the customers. The authors describe change management as a 

form of knowledge creation, as most organisations understand change as something for 

individuals.

Obviously these concerns are not just relevant to manufacturing industries as Savage 

(2000) writes, but how these problems of socio-cultural development are relevant in all 

industries, including the service industries. Similarly Driscoll and Morris (2001) define 

these problems within the civil service industry. Power and Sohal (1997) investigated 

the human variables in just-in-time environments, but concluded that more research is 

needed to study to understand the "development of models to predict more accurately 

the organisational conditions required to facilitate successful implementation and 

operation".

Research work carried out by Hong et al (1995) examined the impact of employee 

benefits on work motivation and productivity. They found that monetary benefit 

programmes were the most highly valued by both executives and workers. It was found 

in a review (The Economist (1994) cited in Chu (2003)) that 85% of change projects 

failed. Two major reasons were identified. One reason was due to the impact of the 

change process on other areas of the organisation and the other was human resources 

management. One significant quotation from this was about a change process;
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...." That many such initiatives failed because they had concentrated on purposes 
and ignored the people who made them work."

It is felt that this quotation summarises the whole concept of the 'socio-cultural 

challenge'. In this literature review it was discovered that many writers conclude that 

the cornerstone to change management to improve quality, was empowerment. It is also 

thought that management must consistently show a high commitment to encourage the 

changes to take place.

From this research it can be seen that there is a need to address the problem of the 
'socio-cultural challenge' and though it has been noticed that this issue exists, the real 

problem is how to solve it.

It is understood that change management tools will have to be used to ensure the success 
of implementation of business improvements (Vidal, 2007). There will be conflict 
between some tools and the principles of lean thinking with the main issue being with 
the principle of 'Pull'. Figure 2.25 demonstrates a model that can be used to assist the 

use of change management techniques with organisational culture being at the centre of 
all of the other factors.

Internal and External 
Environment Assessment

Participation and Involvement 
by Everyone r

i
Organizational Culture Goals and Objectives of 

Change

I
Management Empowerment

Figure 2.25: A model of organizational culture and empowerment on change

management

(Chu, 2003)
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Smith (2003) discusses how a transformation from "an expert-based ergonomics system 

to a culture-based one can be beneficial". The author highlights the concept of 

ergonomics culture and implies "that all member of a work organisation are informed 

and empowered to make improvements appropriate to their level of assigned 

responsibility."

From this literature research it can be summarised that the benchmarking of change 

management within manufacturing is very important in order to increase the success rate 

of implementation. Such changes can be of a technical nature such as customer demand, 

suppliers, design redevelopments or due to new technology including business 

improvements, or due to cultural issues. However the cultural issues that arise from the 

technical improvements need careful consideration as well. This review has highlighted 

that technical changes cause cultural changes however the effects of these cultural 

changes are not considered successfully in most cases of business improvements (Reijers 

and Liman Mansar, 2005 and Chu, 2003).

Implementation management is a particularly broad subject area. The two main focal 

aspects researched within this scope have been strategic and change management, as it 

was seen that these two factors would enhance the implementation of lean concepts.

2.4.6 Cultural Change

As studied in the previous section cultural change is a subject that is less apparent when 

discussing business improvement techniques and implementation theories (Trompenaars 

and Hampden-Turner cited in Finlay, (2000), Alsene (1998), Link and Marxt (2004) and 

Tavcar and Duhovnik (2005), Balogun and Jenkins, (2003), Savage (2000), Driscoll and 

Morris (2001), Power and Sohal (1997), Hong et al (1995), The Economist (1994) cited 

in Chu (2003), Smith (2003) and Reijers and Liman Mansar, (2005)).

The findings of Trompenaars and Hampden-Turner (cited in Finlay (2000)) highlighted 

that the differences between cultures were grouped under three main headings: 

relationships with people, attitudes to time and attitudes to nature. Figure 2.26 

highlights these findings in the form of a table below.
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Relationships with other people
Trompenaars and Hampden-Turner subdivided these relationships into five

'tensions':

Rules versus relationship

Some cultures take the view that universal laws should apply. This view tends to

the use of tight contracts rather than relying on relationships between people

when engaged in business. Others take the view that, instead of believing that

there is only one right way, the person should act in a way that fits the particular,

often exceptional, circumstances. A person's obligations of friendship, for

example, may easily override a concern for universality. One consequence for

international business is that reward systems imposed on affiliates from head

office may well be counter-productive.

The group versus the individual

This was one of the explanatory dimensions found by Hofstede and Bond - the

extent to which the ties between individuals were loose or strong. The relative

emphasis on individuality and on the community is a tension that exists in the EU

between the UK, the Netherlands and Scandinavian countries, which tend to
stress individuality, and most of the rest of the EU, which puts more emphasis on

a communitarian approach. In cultures that put an emphasis on the group, it

would see themselves as delegates, bound by the wishes of their group. In more

individually inclined cultures, single decision makers in group-oriented cultures
tends to take longer, but implementation of the decision tends to be quicker.

Lack of emotion versus show of emotion

In some cultures it is expected that emotion be expressed, in others the showing

of emotions is considered 'uncultured'. Where the expression of emotion is

frowned on, the use of humour, understatement and irony should be severely

restricted.

Specific relationships versus diffuse relationships

In some cultures the relationships between people are narrowly defined to fit a

specific context: no business talk at the golf course, no religiousness in business.

This can be contrasted with other, more inclusive cultures, where all aspects of

the relationship have to be enquired about before 'getting down to business'.

Where specific relationships dominate, the expectation is for specific target
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setting, a striving for efficiency and for meetings structured in terms of agendas
and time management.

Status through achievement versus status through ascription

In some societies status is accorded to a person's track record - to what have they
achieved - with little or no concern with qualifications or family background. In

other cultures what a person is, rather than what they can do, is important: have
they been to the right university, the Haute Ecole Polytechnique or ESfSEAD, or
are they part of a well-known family? In achievement-orientated businesses it
would be expected that managers would be of differing ages and gender and for

decisions to be challenged on technical and functional grounds.

Attitudes to time
In some cultures, what has been achieved in the past isn't of much importance:
the focus is on the future and making future plans. Other cultures place more
importance on history and the past. To quote Trompaneers and Hampden-Turner:

....'With respect to time, the American Dream is the French Nightmare, 
Americans generally start from zero and what matters is their present 
performance and theory plan to 'make it' in the future. This is nouveau 
riche for the French, who prefer the ancien pauvre; they have an 
enormous sense of the past and relatively less focus on the present and 
future than Americans.

Some cultures view time as linear, as a sequence of events. Other cultures view 
time more as circular, linking the past, present and future. The sequential-time 
thinker will tend to separate means clearly from ends and plan each link in the 
chain. The circular thinker won't work with intertwined means and ends. One 
view of time is that the immediate future is achievable through personal effort yet 
the longer-term isn't, since too many things can happen. In this view, short-term 

planning is in order, with the future taken care of through a succession of short- 

term activities.

Attitudes to the environment
Two broad attitudes to the environment can be discerned. One is to see it as 
something to be controlled and exploited; in business this leads to the 
entrepreneur who overcomes environmental forces to succeed with the product or 
service that they are offering. The other view of the environment is to see it as
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something that must be adapted to; in business this leads to taking notice of 
customers continually and appraising the business environment.

Figure 2.26: Findings for Trompaneers and Hampden-Turner cited in Finlay (2000)

2.4.7 Summary

It has been shown that although lean manufacturing is a revolutionary concept, the 
technique has some limitations. These main limitations can be addressed by integrating 
factors of other MBIM's. The relationship between these other concepts and lean has 
been discussed and it has been shown how individually these concepts have had some 
integration with lean. This integration differs depending upon the knowledge of 
research of the other concepts. Some integration methods are more advanced than others 
and are practised in depth, for example leagile systems and lean sigma. However, some 
methods still require further development and enhancement.

2.5 Literature Review Summary

A number of MBIM's were researched. However lean manufacturing has been the focal 
concept. The history and background of all concepts has been discussed as well as the 
application. This literature review has discussed the evolution of lean as well as the 
application in many different environments. The concepts of lean manufacture are well 
documented and implemented, however this extensive review has highlighted a number 
of limitations concerning the concept:

• The concept is a radical change; the concept however lacks a holistic view to 
relate all concerned supply chain functions.

• The concept requires a standardised environment for optimum 
transformation, therefore has little flexibility.

• The concept relies on high quality for transformation, therefore lacks 
methods for quality improvements.

• The concept creates theoretical design but it does not consider the practicality 
of the implementation process, and therefore lacks testing of the design.
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• In practise the implementation of the design is hard to achieve successfully, 
and so lacks implementation structure.

This chapter has highlighted and discussed MBIM's to try and satisfy these restrictions. 
However, though these MBIM's currently integrate and some practised with lean 
manufacture provide a clear method of integration or direction as well as lack the 
assessment of method suitability to a given situation or environment. It was thought 
possible that this research could create a roadmap of change through the integration of 
specific MBIM's.

Figure 2.27 (Berkhauer-Smith and Spedding, 2007) shows the results of the survey and 
indicates the association between these widely used methodologies as they are currently 
practised. The similarities and differentiating characteristics of the strategies are 
compounded to produce many types of implementation strategies.

The findings of this research demonstrate that lean manufacturing and agile production 
can apply to all levels of the supply chain. Due to variability, lean manufacturing 
techniques are hard to apply at plant level as well as across companies. Lean thinking is 
most applicable in high volume, low variety manufacturing environments. This is easier 
to apply as the variants in kanban sizes fluctuate to a lesser extent and the system is 
easier to control. However, when in an environment such as a job shop, make to order 
situation, flexibility is needed to control the system. Lean will not react efficiently to 
significant changes in the process or system, a complex and less stable system and so the 
ideas of agile production are more applicable. It is suggested that the better systems are 
those that incorporate both lean manufacturing ideas and agile production methods, with 
the use of a decoupling point (a leagile system). This is when most of the upstream part 
of the chain is standardised and can be controlled better through lean techniques. 
However, after decoupling agile production means are more applicable as product 
requires more customisation. There is not a great deal of literature on how to apply the 
theories on using lean and how agile production can be applied in a supply chain 
environment. However, it is felt that these three methodologies can be still be developed 
together to provide improved performance.
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Six sigma techniques can be used to influence better optimisation and successful 
implementation due to lean manufacturing limitations by working on the quality of the 
manufacture of the product. Lean manufacturing assumes that at the time of 
transformation there are a few problems related to quality. Realistically this is not true. 
Lean sigma initiatives are created to reduce this limitation.

Simulation modelling can be used along with lean techniques to test the theoretical 
design within a real time model. This integration will enhance the rate of success as the 
design will be tested and issues resolve prior to the real transformation. Discrete event 
simulation can be used to optimise a theoretical system through validating and verifying 
the suggested future state theoretical models. Discrete event simulation also introduces 
factors related to human error through distributions.

Another area of interest that could be considered is the use of the internet with Attaran 
(2001) discussing the internet's use in the supply chain through online procurement. 
This process can give a quicker response to the supplier and can be used further 
downstream in the manufacturing department to reduce lead times and inventory. 
Information such as stock levels can easily be sent and introducing the use of the internet 
in the supply chain would reduce information distortion such as the bullwhip effect. It is 
felt that the internet will have a large impact on MBIM's in the future by reducing 
transactions.

Studying the inter-relationships between these Manufacturing Business Improvement 
Concepts resulted in the creation of the following statements;

1. (LM + AP) = Leagile System
2. (LM + SCM) + (AP + SCM) = Leagile Supply Chain System
3. (LM + SS) + (SCM + SS) = Quality Improved Leagile Supply Chain System
4. (LM + IM) + (SCM + IM) + (SCM + IM) = Quality Improved Leagile Supply Chain 

System with Implementation Structure
5. (LM + DES) + (SS + DES) + (SCM + DES) = Discrete Event Simulation with 

Operational Strategies

Where;
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LM = Lean Manufacture

AP = Agile Production

SCM = Supply Chain Management

SS = Six Sigma

IM = Implementation Management

DES = Discrete Event Simulation

With statements 1 and 2 involving agile production, a unified system can be produced by 

integrating all Manufacturing Business Improvement Methods to create a unique 

strategy that can be accurately tailored to a chosen environment.

Baker (2002) and O'Corrbui (1999) cited in Bhasin and Burcher (2006) state that;

...."Less than 10 per cent of UK organisations have accomplished successful 
lean implementation."

This quotation was discussed in depth and for this reason, it was thought that change and 

strategy management, were to be investigated in particular the understanding of the 

environmental culture (Berkhauer-Smith and Bhatti, 2007a). The findings from this 

literature review show all techniques studied have some correlation with lean 

manufacturing. Figure 2.28 was created by the author and indicates this association.

Figure 2.28 shows the integration with lean thinking and other MBIM's as they are 

currently practised today. The main findings in the research were that lean manufacture 

is a successful MBIM, however it has certain limitations. These limitations are reduced 

through individual integration with lean manufacture, which all have differing 

development phases. Based on the findings within this research, it has been concluded 

that these concepts can be integrated together to give a methodology of application to 

enhance the success rate.

What this research has also identified is that whilst these restrictions are solved 

individually there is not any research concerned with the integration of all of these 

methods that enable a user to design and implement a change business improvement 

program.
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Figure 2.28: The Interaction of manufacturing business improvement methods

2.6 Thesis Layout

The structure of this thesis is of a logical and consistent nature. Chapter 1 introduced the 

research by describing the research area and the importance to BAE Systems of this 

research subject. Chapter 2 highlighted the extensive research undertaken in the chosen 

topics and also shows the sources information, as well as the justification, relevance and 

suitability to the research area. Within this chapter the implementation relationships 

between the subject areas are discussed and the results highlighted introduce the niche 

within the literature review.

In Chapter 3, the methodology and approach taken to adopt the theories will be outlined. 

The design methodology justifies the research requirement by discussing the integration 

strategy of the business improvement implementation concepts. This generates a 

roadmap for change introducing the user to these techniques in an integrated sequential
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format. The design methodology is defended and analysed through the use of case 

studies within Chapters 4, 5 and 6. These chapters demonstrate how the manufacturing 

business improvement roadmap is tailored accordingly to meet the needs of the differing 

case study environments. The critical justifications made are also highlighted to show 

the decisions making process throughout the integrated topics.

The structures of the case studies are defined to show the versatility of the roadmap, by 

applying the methodology to differing areas within the supply chain. The case study in 

Chapter 4 investigates and sets to improve the relationship and lead times between a 

supplier and a buyer. From this the case study in Chapter 5 researches into more depth 

the processes at the end of this internal supply chain of the supplier to instigate the 

material and information flow across the external supply chain. Similarly the third case 

study (Chapter 6) investigates the initial processes within the buyers internal supply 

chain to practise better material and information flow internally and externally.

Chapter 7 discusses the findings and results of the research study and whether the initial 

objectives have been successfully completed. This chapter concludes the research 

material.

The Chapter 8 discusses further work that could be investigated from opportunities 

derived from this research study. Chapter 9 identifies the references and sources of 

information required to conduct this study. The thesis Bibliography is also included as 

well as the Appendices in a logical sequence, according to the Harvard System.

2.7 Chapter Summary

This chapter has discussed many research areas through a literature review and it has 

highlighted the current practised MBIM's. The main subject area was lean manufacture, 

the relationships between this concept and other MBIM's were investigated to identify 

any significant integrated methods. This chapter has discussed these integrated methods 

and has highlighted a requirement for an integrated method of application. This chapter 

has also represented the case for the research work and discusses how the thesis has been 

approached.
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CHAPTER 3 : PROPOSED DESIGN METHODOLOGY

3.1 Chapter Introduction

This chapter discusses the development of a design methodology that sets out to fulfil 

the requirements outlined in the literature survey in Chapter 2. The literature review 

highlighted that there were limitations with the philosophy of lean thinking. These were 

related to limited flexibility, distorted views as the supply chain increased the 

assumption of high quality, the lack of human variability and that the designs are hard to 

implement successfully, this lead to the research of many MBIMs. Also in this chapter 

the integration of the researched MBIMs is discussed by highlighting how the proposed 

methodology is developed. The specifics and scope of the proposed methodology are 

discussed and it is assessed against other MBIM frameworks with comparisons being 

made and justified.

3.2 Conceptual Integration

In the literature review it was discussed how the focal MBIM researched was lean 

manufacturing. It was highlighted how lean manufacturing has certain limitations. The 

literature review concluded that lean manufacturing has been currently integrated with 

some other MBEVIs, however there is scope to integrate further to (figure 2.26, page 69 

create a roadmap of change to improve the route of success. Figure 2.26 (page 69) can 

be reiterated further and the MBEVIs can be classified into method types. Figure 3.1 

displays the classification of the MBEVIs, as classified by the author. It can be seen that 

lean manufacturing, agile production, supply chain management, six sigma and discrete 

event simulation are classified as operational methods (Bayrakar et al, 2007). From the 

literature survey it is clear that implementation management falls into two categories, 

either cultural change management, dealing with cultural change issues related to 

implementing MBEVIs (Balogun and Jenkins, 2003) or strategy management tools on 

how to move through the change process (Tagore, 2007).

Strategic concepts involve issues related to project management, project definition,
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project alignment as well as project implementation plans. All operational concepts 
occur in parallel throughout transformation of the system. Similarly cultural 
management theories are also required through the change process to assist with the 

physical design to aid the management of the implementation and to improve the project. 
It has been shown in published literature that by using cultural management ideas the 
project success rate increases (Smith, 2003, Vidal, 2007 and Thomas et al, 2003).

STRATEGICAL' 
METHODS

CULTURAL 
METHODS

IMPLEMENTATION 
MANAGEMENT

SUPPLY CHAIN 
MANAGEMENT

SIX SIGMA •*- LEAN 
/IANUFACTURINGV AGILE PRODUCTION

r^
i

DISCRET 
I <;IMI ii

^1
E EVENT
ATIOM )

_^-^

OPERATIONAL 
METHODS

Figure 3.1: MB1M Classification

The proposed methodology developed within this chapter uses this conceptual 
integration and initiates triggers between the three classifications. The proposed 
methodology has been designed so that these triggers initiate the movement through the 

stages to create a parallel continuum of concepts. Figure 3.2 developed by the author, 
highlights how in this proposed methodology these strategies will work in parallel 
throughout the concept, design and implementation of an improvement project.
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Figure 3.2: The parallel continuum of concepts.

These findings were taken and figure 3.3 was created by the author to highlight the 

integration and inter-relationships between the MBIM as well as to demonstrate the 

classification type of the MBIM. Figure 3.3 shows how lean manufacturing is the focal 

MBIM and that by using agile production techniques reduces standardisation and creates 

flexibility, producing a 'leagile system'. This system can be integrated into the supply 

chain to give a holistic approach. Integrating six sigma with lean thinking methods 

gives a 'lean sigma system'. Using this theory alongside a leagile system with supply 

chain management, would give a leagile sigma supply chain. Simultaneously integrating 

discrete event simulation with lean, ultimately gives a 'leagile sigma supply chain 

simulation models', within an operational framework. Forces enabling this operational 

systems transformation are those of strategical and cultural change requirements.

STRATEGICAL 
METHODS

CULTURAL 
METHODS

OPERATIONAL 
METHODS ,

Figure 3.3: Conceptual integration ofMBIMs
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This top level integration was expanded further to demonstrate detailed integration. This 

displayed the specific strengths and benefits of lean thinking as well as how aspects of 

other MBIM would fill the 'gap' of the limitations identified in lean manufacturing 

tools. Figure 3.4 created by the author shows how these concepts have been expanded 

to demonstrate the strengths and abilities of each MBIM listed. It also highlights the 

impact of the use of these concepts on each other and what the benefits of integrating 

these are, as shown in the diagram. This diagram is an overview of many MBIMs and 

engages many tools and aligns them together. The literature review discussed the 

strongly proven concept of lean manufacturing. It also demonstrated how this is a 

concept best applied in a low variety, high volume production environment. The lean 

approach requires a stable environment and creates standardisation through continuous 

flow and pull systems. It has been argued that lean may not necessarily be the best 

technique to use in an environment such as the aerospace industry, which is a lower 

volume producing bespoke environment (Phillips, 1999).

However, the principles can be applied and adapted to improve a system. VSM is a 

micro-mapping tool used in lean thinking that has transformed many systems (Rother 

and Shook, 1999). However the aerospace business requires greater flexibility and agile 

production creates this flexibility (Maskell, 1994).

These micro-mapping tools provide the in depth improvements usually associated with a 

production line or departments units within a site (Rother and Shook, 1999). In some 

instances, to provide improvements across the whole company a holistic approach would 

be required to not only link together the smaller micro-mapping projects (Scholtes, 

1998), but to understand the logistics including the movement of material either 

throughout a plant or among the external supply chain (Womack and Jones, 2002). A 

holistic approach would also consider the business as a whole and not just individual 

efforts. Supply chain management techniques help focus and provide an initial starting 

point for change within large complex organisations.
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By introducing a holistic approach for micro-mapped systems, creates an optimum 

future state 'blue sky vision'. To implement this theoretical system straight into a real 

environment could have disadvantageous affects in a large complex business. 

Operational optimisation tools can be applied before actual implementation. These 

optimisation tools will provide project definition and will highlight areas that may cause 

concern before implementation, but can also aid in the verification of concerning areas 

highlighted from the operational analysis tools. Six sigma is an example of this. Six 

sigma is a methodology of quality improvement tools which can aid the mapped project 

and improve the future state (Pande, 2000). Likewise, discrete event simulation can be 

used in a specific area of the proposed system. One particular disadvantage of discrete 

event simulation is the time taken to create the model as well as it being costly. If 

discrete event simulation is seen as a tool that could be used to assist the proposed 

system either through validation, verification or justification of a particular area, defined 

by applying the operational analysis tools, then this would reduce the modelling time 

and cost.

Discrete event simulation can also introduce the factors associated with human 

variability which will enhance the proposed system before implementation. This will 

potentially reduce implementation lead time as well as increasing employee acceptance 

through a smoother implementation process and introducing employee empowerment. 

By using these operational optimisation tools, important factors such as quality and time 

are not normally considered in operational analysis tools. VSM has no consideration for 

real time and assumes that the quality of the system is of a high standard. All of this 

analysis is represented in figure 3.4.

The design of the proposed methodology consists of a structured roadmap to ensure that 

all concepts are suitably assessed before application. This works against the principles 

of lean thinking and the concepts of kaizen, however a deeper understanding is required 

for such a corporate complex industry as systems thinking concepts are required to 

create an enterprise view. Without a structured framework the application becomes 

dysfunctional and creates 'pockets' of improvement initiatives in isolation (Scholtes, 

1998) through the structured design.
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The proposed methodology has been created for a large worldwide aerospace company 

and therefore requires an in depth change analysis system utilising many techniques and 

concepts, in an effort to justify change by financial gain and employee acceptance. A 

methodology of this complexity is required to create an enterprise view through systems 

thinking and so requires a high level of analysis. Without detailed analysis of the 

concept, design and implementation of any change improvement project, the effects 

could be costly and create a negative impact. An environment such as the aerospace 

industry experiences long manufacturing lead times due to the use of high technology in 

the product design, as well as issues related to customer requirements such as high 

product quality, product traceability and limited supplier sourcing among other factors. 

The aerospace industry in comparison to the automotive industry is an environment that 

is considered to have a low product volume along with a high product variety (Philips, 

1999). Products designed and manufactured in this environment tend to be specialist in 

nature with bespoke design for a number of reasons, requiring a large expert supplier 

base, with holding stock, planning and purchasing of obsolete items and long life cycles, 

which can all be costly. These are the main considerations when creating the proposed 

methodology as well as filling in the gaps that currently exist. Having a complex 

industry requires a structured and well defined methodology. The proposed 

methodology is a roadmap and allows the user to tailor the framework to the project 

requirements, giving a clear path of direction. It has been colour coded throughout to 

highlight the difference between the concepts, so it is possible to eliminate certain 

aspects of the proposed methodology depending upon the improvement project 

requirement. Therefore, the roadmap is scaled down as the project progresses and 

becomes more defined and simpler, thus highlighting the pathway of change.

The literature review highlighted the requirement for a structured change program. This 

proposed methodology has accommodated all of the restrictions of lean thinking 

stipulated in the literature review and achieved this hypothesis of conceptual integration, 

from design to implementation of an improvement project.
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3.3 Proposed methodology development

All businesses undertake improvement projects to remain in an ever changing and 

competitive market. Businesses wishing to make changes require a roadmap of business 

improvement tools which provides them with a structured guide, thus eliminating the 

need for expert advice or theoretical misuse and attaining the skill base within the 

organisation. From undertaking the research demonstrated in the literature review, it 

was concluded that an integrated business improvement methodology was required that 

incorporates tools of lean thinking and eliminates the restrictions identified, as well as 

providing conceptual integration of all researched MBEVIs. Figure 3.5 developed by the 

author highlights the stages of change necessary: planning, creating, data collection, 

analysis and strategic implementation. The initial development of the proposed 

methodology was based upon Deming's Plan, Do, Check, Act, cycle along with the six 

sigma DMAIC process..

The three main concepts of strategy, operations and cultural management (figure 3.2, 

page 78), integrated along with these cyclic processes can be applied to all improvement 

projects at all levels of the supply chain. This concept integrates continuous 

improvements holistically as well as detailed improvements internally.

The overall framework was generated from the six sigma DMAIC procedure; Stage 1 

being the 'define' process. Stages 2 and 3 utilising the 'measure' function, however 

integrating the current state benchmarking facilities of lean thinking and VSM as an 

outcome. Stages 4 and 5 are the use of 'analyse' section of the DMAIC process to 

generate the future state of the VSM tool of lean thinking. In more detail these stages 

would use operational analysis tools to create the stages outcomes. Thus integrating 

discrete event simulation and six sigma within lean thinking tools within the DMAIC 

cycle (as outlined in figure 2.19, page 53) and thus creating the design of the proposed 

system.
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Figure 3.5: A structured framework of the conceptual integration ofMBIMs 

(Berkhauer-Smith and Bhatti, 2007b)

Throughout these initial stages the cultural change has been benchmarked in Stage 3 and 
6 for analysis, as without technical and physical changes the cultural transformation is 
negligible. However, between the design and implementation the cultural effects have to 
be addressed. At this point cultural behaviour is analysed and controlled in the similar 
form of the 'analysis' and 'control' stages in the DMAIC cycle, as well as consulting 
the plan, do, act and check cycle of TQM (Liker, 2004). Furthermore the TQM cycle 
requires the improvement program to 'check' the design. This is done by 'defining' a 
strategic plan and so the DMAIC cycle is an initiative again through the design of the
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implementation. Stage 7 introduces the definitions design of the implementation and so 

aspects of strategic management are integrated with TQM and six sigma to create the 

strategic implementation plan. Implementing the system integrates the use of cultural 

management with strategy management alongside six sigma and TQM.

Stage 8 takes the strategic plan developed in Stage 7 and works through implementing 

this plan. This stage considers a number of cultural aspects that have been analysed 

throughout the methodology and this is highlighted more significantly in Stages 3 and 6.

Stage 9 similarly 'acts' upon the implementation of the system by 'analysing' the 

progression and measurement of metrics. Finally Stage 10 'controls' the system by 

introducing continuous improvement for the project to sustain, thus using elements of 

lean thinking through kaizen bursts of continuous improvement as well as strategy 

management tools such as project management including change management.

Figure 3.5 displays the process flow and shows how to achieve the best outcome. The 

feedback into the system is also visible thus demonstrating its importance at each stage 

and this will ensure the project definition remains true to the project brief. These stages 

have been developed further to create a number of sections to enable ease of use. Each 

stage is designed so that there are a number of sections to follow and then within these 

sections there are guidelines on how to best achieve the requirements. It is important to 

understand that the guidelines within each section are to be carried out simultaneously 

and that the order stipulated in each section has no regard to order or importance. 

Within each stage the conceptual integration continues and provides depth and 

justification to the proposed methodology.

The proposed methodology has been created in a flow chart form which is not only user 

friendly but also enables the user to tailor it to the particular project. It also allows the 

user to use it as a checklist facility to make decisions whether to proceed or whether to 

investigate specifics further. Figure 3.6 highlights the feedback and communication key 

that has been created and is continually referenced at every stage in the proposed 

methodology and this has been extracted from the flowchart to reduce the visual 

complexity. The key mainly asks the user to understand issues related to cultural
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management and include project management attributes. The key in figure 3.6 is 
developed to understand the current culture and perception of change at the point in time 
and it also considers the completion of the guidelines as well as the project timescale. 
However, the management of cultural change is assessed overall in Stage 6 of the 
proposed methodology, taking into consideration the cultural information gathered 
within the communication key.

The flow diagram of the integrated proposed methodology is shown in figures 3.7 - 
3.16. The design of the flow chart methodology has been created in a generic format. 
Throughout, there is direction from project inputs and outputs within the stages, 
including what the stage aims to achieve. Generic feedback loops have been included 
that allow the user to feedback into the system as necessary within any stage. The 
feedback and communication key is considered at every stage to encourage change. The 
proposed methodology also allows flexibility by enabling the user to make the decisions 
concerning the completion of each stage, again allowing the proposed methodology to 
be tailored to the project requirements.

The initial stages were created to guide the proposed methodology through the design of 
the project. This included the true interpretation of the project, the desired outcome of 
the project and the key metrics required for the transformation of the project. These 
stages were also derived to highlight the importance of an integrated approach and how 
different scenarios require different aspects of the concepts. In a large organisation it 
cannot be assumed that one technique is applicable to all systems and so the purpose of 
this proposed methodology is to select what is suitable, given the users specific 
knowledge of the system.
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Figure 3.6: The feedback and communication key used in the proposed methodology
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3.3.1 Stage 1 - Project Alignment

The first stage of the proposed methodology uses the 'Define' stage in the six sigma 

DMAIC process. The main objective of this stage is to investigate why the project is 

needed as well as the scope of the project. This stage will identify who the customer is 

and will create a well defined project plan. It also aims to strategically align the project 

between the company's strategic goals, its customer whilst aligning these objectives with 

the operational strategic goals. These strategic alignment techniques are fundamental 

structures to project improvements programs, figure 3.7. It was highlighted in the 

literature review that a restriction of lean thinking hindered tools associated with 

implementation management (Karlsson and Ahlstrom, 1996) and thus project definition. 

Here, strategy management and six sigma tools will be integrated to eliminate the 

limitations (De Toni and Tonchia, 2002).
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(. F^IU iJi ,1- ( >! llu i nil 111.il iiinvni -.UK ilimuuh 0, knnm;mh. ol (.ompjm '• tulmn.

- Understand the current procedures and flow of the business.

I
SECTION VI UNDERSTAND THE FEEDBACK AND COMMUNICATION

YES

NO

OUTPUT = AN UNDERSTANDING OF THE CURRENT STATE FLOW

NO Are the answers sufficient, 
can the output be created?

YES

Figure 3.7: Stage 1 of the proposed methodology

The first feature of this stage is to understand the project requirements in greater detail. 
Objectives as to why the project is needed will be clarified through Strengths, 
Weaknesses, Opportunities and Threats (SWOT) analysis which in turn will define the 
project position within the business. Using these guidelines will highlight why the 
project is needed and why it is required now. This section is based on strategic 
management techniques (Finlay, 2000) as indicated by the corresponding colour (Blue). 
It is also necessary to understand the project strategy. However, here principles of lean 
thinking are also applied by defining the customer, who they are and what their needs 
are, which are all fundamental characteristics of lean thinking (Womack and Jones, 

1996)
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Defining the project strategy would necessitate to the user to investigate the options and 

pathways of the project, along with gain retention and appropriateness. These facets of 

project strategy creation are defined as strategy management concepts. However, 

sustainability is a concept associated to lean thinking and the application of 5S (Bicheno,

2004). This part in Stage 1 also considers the future market and studies the future 

through forecasting as both measurements are considered to be associated with the 

integration of strategic concepts (Slack et al, 2007) along with operational analysis ideas 

through agile production (Maskell, 1994).

The future state definition is probably best associated with lean thinking (Field, 2001) 
which executes VSM and similarly simulation modelling can be carried out for scenario 

testing (Lian and Van Landeghem, 2007). It is anticipated at this stage in the project 
creation, the content through mapping and modelling will be of very little detail. Project 

management theories are practised alongside cultural and operation strategies such as six 
sigma and supply chain management. This part of the methodology defines the scope of 
the project by creating deliverables, defining milestones and due dates. It is also 
necessary to understand the external constraints and the influences impacting the project 

and how this will affect the transition. Understanding the project acceptance is an 
important factor of effective cultural management (Bolstorff and Rosenbaum, 2003). 
Within Stage 1, Section II, aspects of the 'measure' function of the six sigma DMAIC 

process, are used along with environment assessment related to culture change 
management (Paton and McCalman, 2003). When assessing the tangible deliverables a 
holistic view is required so that improvement projects are not isolated and this involves 

theories behind supply chain management (Handfield and Ernest, 1999). The plans of 
the deliverables need to be benchmarked to monitor progression which again uses lean 

thinking principles.

Another part within this stage assess the project approval and ownership, which uses the 
features of strategy management (Finlay, 2000), however it integrates with six sigma 

initiatives which heavily rely on champions to oversee greenbelt projects (Coulter,

2005). At this point in the proposed methodology there is a feedback loop incorporated 

to enable further gathering of information as project acceptance by all stakeholders is the 

key to moving forward.
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From the knowledge gained in this initial stage, the current process flows of the business 
can be determined and benchmarked through lean thinking methods of VSM. However, 
it is also important to create ideas and benchmark the current culture to enable a 
continuation of benchmarking to measure the cultural changes through strategical and 
operational changes (figure 3.2, page 78).

It is at this stage that the feedback and communication key (figure 3.6, page 87) is 
consulted as well as incorporating another feedback loop into the system. The key 
works through typical questions that are required within every stage, the feedback and 
communication key assess the cultural changes as well as project management style 
guidelines. As a feedback loop into the system it is essential to ensure that the project 
remains true to the brief (Scholtes, 1998). It also ensures that the stakeholders are in 
agreement with the monitored progress. It is at this point that the user can make the 
decision that the guidelines have been used efficiently depending on the project 
requirements. It is extremely important to ensure that the progress of the project is 
measured at every stage in the proposed methodology, to ensure that the features of lean 
thinking are adhered through benchmarking.

This loop will ensure that the selected project is within the time frame, but more 
importantly the project will be reassessed for changes that will be documented and thus 
ensure the project will meet the initial definition and strategy. The output of this stage is 
the project definition and this is so that throughout the stages it can be compared to the 
original brief. The ultimate outcome from Stage 1 is an understanding of the current 
state flow in the form of a VSM with strategic opinion as well as cultural current state 
analysis. Once the output has been created and all of the stage requirements are met the 
flow chart moves through into Stage 2 of the proposed methodology.

3.3.2 Stage 2 - Planning the Measurements

The second stage of the improvement process is to plan the measurements that will be 
required for the project transition. Similar to the 'measure' function of the DMAIC 
process, it is this stage in the proposed methodology that is of significant size as the 
planning of a project is the key to better implementation accuracy, figure 3.8. As the 
project is aligned and the scope of the project analysed, a plan of the data to be measured
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is devised. This should include the method of collection, by whom and in what format, 

so that the results can easily be analysed. An important factor of this stage is the 

integration of the operational techniques used in many businesses and that the concepts 

will be evaluated for their suitability to the project. It is expected that in most cases not 

all techniques will be applicable. However, it is necessary to understand what theories 

are available to create the transition. Within this proposed methodology the roadmap of 

transition is created and it consults a number of currently researched MBIM's. This 

research eliminates any issues related to needing prior knowledge of the techniques.

— *-

t
f "\

C STAGE 2 -PLANNING THE MEASUREMENTS "^

1 To understand the full implications of the data necessary and how they will be obtained. To plan the key metrics required for | 
1 the project, discussing how these measurements are required and the use of these metrics 1

C INPUT = AN UNDERSTANDING OF THE CURRENT STATE FLOW ")
V ——————————————————————————————————————————————————————— 'J1

SECTION I

• What are the key metrics for this project?

- Identih the t\pe of djtd required \\ilh the deportments 

- Identify the actual data to complete the technical current state map 

- Inelude iiitornution tlnu thnuiuli ,ind m-helueen department

i
SECTION]]

• What initial detailed metrics are required according to business improvement methodologies?
Menlilx the pn>duu dcm.iiul v,in.ibilil\ 

- Investigate the market need lor the product 
- Bcnclimjrk iho uinvnl i ulniu 

- Take a snapshot of the processes

- Collect c\c c / process times (actmh times) 
- Collect data on change oxer times and set up times 

- Understand machine a\ailabilit>
1 •>(_»[. ,H UK' \ K-IJ-- iioi HIM MK fust link 1 ^ IL!I)

•i .! | • • .'1 1 ' ' • • .: 1- III ,l|l Jtp.lltni'.'Ml-

- Look at batch quantiUcs 

- Look at the imcnlon. lc^cls 

- Understand the information flou - the orders 
itiiniKLtii^ 

- Look at the s\ stem schedule 
1 ndersiand ihe prtniiiLi \ jnei\ 

- Sec the shipments to and from the s\ stem 

- Understand the use of computers in the s\ stem & the paper flow 

- Understand the relationship of the support staff to production 

- Look at the mo\cmcnt ofopcralors processes & product

1

•^ —
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SECTION III

What further metrics arc required according to business improvement methodologies on reflection of that planned above?
IdcnlilX Ilic poml of differentiation

Look at placing ihc decoupling poml neaiol lu ilic iLisitmia as (Mssibk 

Investigate in suitable methodologies into standardising products 

Stud) ihc standardisation of the product

• luJ- ili, ,|n,i!i!N -i ill, 'iip r >'i |>.i|M and iom|inK-i ^laii^

- Research into the departmental flow

- LiK>k at UK m.iierials supplied

iir.'l MKMsmcinuiK » IKK neies^iin

- kno\\ ihc supplier base 

I ook Jl lead-time requirements

- Make measurements through the SCOR nicthodoloiiv (drill do\\nl
- Look at ihe dislrihulion of products 

Imesligale through llie people m\ol\ ed - llic stakeholder- 

Document I he current slate culture through classific.'iliun

- Look at the associated costs- the costs of change

- Create risk anal) sis reports for change
- Document an\ changes to Uie plan

- Adapt the main protect plan b\ drilling down and expanding

SECTION IV

What holistic metrics are required according to business improvement methodologies?
- C reate a regimented plan to collect the planned measurements

- \dapt Uie lean and agile ideas into all department not just specificall) into Production

- Look at achie\ ing a leagile svsteni across the departments in the suppl) chain not |ust in sub groups 

Uikkrsiand lunv L haii LIL is ctK'cnnii Uie eulture

- Investigate the organisation structure 

( ontiiHialK m\ol\f the stakeholders

- Understand die supplier logistics

- Stud) the relationship between the business and the producl suppliers

- Refer back to the project plan.

- Reassess the time scale

I
SECTION V

• Are the metrics valid and reliable?
, collection to \nlidak the JaLT

- Measure the material value added to non value added activit) through the processes

- Understand the processes of the project to full) understand which improvement techniques maybe applicable in the anaKsc stage

• Is there adequate data on this project?

YES

SECTION VI

• What resources maybe required for data collection?
- Stud\ the scale of the project

- Understand the timings

- Expand the project plan in greater detail to understand resource requirements throughout the recording data stage

• Do the resources need training?

i
SECTION VII

• Have all company rules and regulations been adhered to (unions)?

SECTION Mil | UNDERSTAND THE FEEDBACK AND COMMUNICATION
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YES

OUTPUT = A STRUCTURED DATA COLLECTION PLAN

NO Are the answers sufficient, 
can the output be created?

YES

Figure 3.8: Stage 2 of the proposed methodology.

This stage integrates all concepts and provides a systematic approach to supply chain 
analysis. The stage starts by defining the overall key metrics required to complete the 
benchmarking process through the current state maps. Key metrics are a major aspect of 
six sigma methodology (Bicheno, 2004). This however is integrating lean thinking tools 
to benchmark the current state and allows the use of six sigma concepts through the 
collection of the key metrics. This integration also allows the analysis of a given 
situation at any point in the form of a 'snapshot'. This section (Section II) requires 
integrating a number of operational methods through agile production, lean thinking and 
six sigma as well as cultural concepts. It is anticipated that a set of captured data could 
fulfil a number of the required metrics.

Integrating lean and sigma was investigated in the literature review. It was highlighted 
how tools associated with quality improvement would enhance lean thinking methods 
(Markarian, 2004). The second part of Stage 2 is integrating a number of techniques 
from agile production, six sigma, supply chain management, strategy management to 
culture management. At this point more detailed planning measurements are created to 
give clearer definition of the measurements required. Typical elements that are 
necessary are assessing system dynamics throughout a supply chain (Scholtes, 1998). 
As the user moves through supply chain dynamics not only are agile production aspects 
considered to record the customer/market demand, but also measure the material and 
information flow around the system. This is based upon the guidelines of the 'learning 
to see tool' associated with lean thinking (Rother and Shook, 1999).
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It was discussed within the literature review that lean thinking concepts could restrict the 

system, should it not be standardised. It was concluded that flexibility would be 

provided by agile production tools to reduce this limitation (Cox and Chicksand, 2005). 

The following part of the proposed methodology defines the need for further 

requirements and initiates a second phase of data collection given that the results of the 

previous 'measure' are limited to project specific requirements. An enterprise approach 
is considered in the next section (Section IV), outlining how to expand the micro mapped 

system to other departments. This requires investigating the logistics functions as well 
as the suppliers and aims to improve them.

This stage of the proposed methodology assesses the realism of the project through the 

collection of metrics for validity and reliability. These specifics are centred more on 
external supply chain topics to create the holistic view identified in the literature review. 

This part of the proposed methodology takes the fundamentals of the operational 
methods and measures the requirements amongst the external supply chain, to elevate 
issues considered with isolated improvement projects (Scholtes, 1998). This was 
another aspect that was studied within the literature review. Lean thinking methods are 
best applied to plant level implementation, by introducing supply chain management 
with tools lean thinking concepts these restrictions would be reduced (Cagliano et al, 

2006).

The planned measures are considered for validity and accuracy, as inaccurate 
information is of little value. Strategy management tools are used to assess the 
requirement alongside lean thinking and six sigma tools such as Process Activity 
Mapping (Bicheno, 2000) to measure the value added activity to non-value added 

activity. A feedback loop has been incorporated to assess the need for further 
information before proceeding onto the next stage since a great deal of decision making 

has already been made up to this stage.

By planning the metrics, it is not just the numeric, technical and physical data that is 
required but also the capacity and resources required need to be taken into account. 

Capacity and resource planning are attributes of strategy and project management 
(Russell and Taylor, 2000). However, the roadmap also considers any training that may 

possibly be required. This identifies cultural methods as there is the need for knowledge
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sharing and creating employee empowerment (Paton and McCalmon, 2003 and Scholtes, 

1998). Other cultural aspects considered are in the consultations with the employee 

unions. Again acceptance to change is better received if the correct procedures are 

implemented. In the same method as Stage 1 the feedback and communication key are 

considered in conjunction with the checklist method at the end for decision analysis by 

the user.

From this stage, a detailed data collection plan will be created. It is here that the 

proposed methodology will be tailored to the scope of the user's project, as the project 

definition is analysed and the metrics considered. Not all attributes of the proposed 

methodology will be used, and it is here that the transition pathway will be derived from 

the roadmap proposed methodology.

3.3.3 Stage 3 - Recording the Information and Defining the Current State

This stage is when the planned data is collected and recorded through the structured data 

collection plan that was derived from Stage 2 of the proposed methodology. This 

information will be benchmarked through VSM the current state. However, unlike lean 

thinking both technical and cultural analysis will be made to ensure better 

implementation success. Figure 3.9 outlines Stage 3.

— >-

1
( s —————————————————————————————————————————————— O

f STAGE 3 - RECORDING THE INFORMATION > 
1 (Defining the Current State) )

1 To understand the full implications of the data necessary and how they will be obtained To plan the key metrics required for 1 
1 the project, discussing how these measurements are required and the use of these metrics 1

( INPUT = A STRUCTURED DATA COLLECTION PLAN *\

1
SECTION 1

< \RRN Ol I III! I)VI \ ( OI.LEC TIO". - RK( OKD U 1 .Or 1 HK INFORM \TION RKOl IRH)

*
SECTION II

• Benchmark the technical current state
- Take the data of ihc current slate llo\\ and add all of the technical data 
- Complete ihc technical current stale map 
- Document other data through a process acliutv map v\ uh all process, producl and operator flo\\ including the \aluc added and non \ alue 

added actn u\ 
- ( urnpilc A diabase spreadsheet ol further information of nolcs and comments lor jnal\ sis 

• Benchmark the current state culture 
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SECTION III

• Create a simulation model of the current state
- Create the icons in the facton lavout \ ie\\ 
- Insert parts into the model 
- Create the routings around the model 
- Introduce labour icons 
- Create a shift pattern 
- Vcnf\ the model 
- Validate the model according!) to die real s\stem 
- State the model results

\
SECTION IV

r

• Has all of the data been collated?
- Is there am other data required' 1 
- Assess \\hat further data \\ould be needed 
- Having seen the process create a list of other measurement requirements.

- Plan hou the data uill be collected 
- Feed back into to the methodologN 

• Is all of the data correct and reliable?

-^~~~~^*^ ^^^^^--^ YES 
^^^^^"^ Is more information ^""---^^^ _
""--**BB^^ required? ^ -"-" ^

SECTION V | UNDERSTAND THE FEEDBA

<^"' Is more dat 

NO

CK AND COMMUNICATION

r
^""~"----^_^ YES

r
1 ( OUTPUT = THE BENCHMARKED OVERALL CURRENT STATE J ]

NO ^-— -^"""""'^ ^^^^^^ 
^ j^---"1^ Are the answers sufficient, ^---^
^ ~^~^^car\ the output be created?^ -^

Figure 3.9: Stage 3 of the proposed methodology

Once all of the planned data is recorded, the benchmarking of the current state can be 

completed. Current state mapping through the lean thinking method of learning to see is 

used for the technical data, as well as PAM which is a tool associated with lean thinking 

(Rother and Harris, 2001). PAM is particularly useful as the information recorded is 

detailed but is also transferable into other tools, such as VSM simulation models and 

quality analysis. However, the cultural current state data will be defined through 

questionnaires and surveys adopted from strategy management styles (Finlay, 2000).
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Here (Stage 3, Section III) discrete event simulation can be used to highlight obvious 
issues related to the project. It is most likely that these will be current problems that are 
obvious without any analysis, that requires immediate attention by validating, verify or 
justifying the concerns. Such issues are likely to highlight bottlenecks. These models 
are needed to confirm initial suspicions, and are used as a tool to demonstrate the 
importance of these problems to others.

Demonstrated here is the benefit of tailoring an improvement program through a number 
of methods and the use of discrete event simulation to highlight issues, which in turn 
will improve the acceptance of the project through reassurance. A conscious decision 
was made by the author, to only highlight the use of discrete event simulation with the 
physical system. If the cultural model was created the research parameters would 
increase and this would extend the project timescale. This methodology does not use 
discrete event simulation to model the current state culture and is seen as extended 
research work beyond this study and it is felt that there is little benefit to be gained with 
the length of time spent. Extensive knowledge is required about the system as well as 
the modelling techniques to model cultural transitions. When creating the physical 
current state simulation model the data collected for the PAM is used to define the 
model. If further information is required beyond that of the PAM the factors of time 
versus benefit have to be considered. Typical steps of simulation modelling creation are 
used within the proposed design methodology (Banks et al, 1994).

The current state culture will be analysed through a matrix (Finlay, 2000). As the 
project changes, so will the culture content within this matrix thus enabling the user to 
monitor the change throughout and before the overall culture analysis in Stage 6. As the 
data is being collected and recorded, it will be evident whether any further information is 
required and if this is so, what this it is. Depending on the scale of further information 
the user can use the feedback loop to feedback into Stage 2 and redefine all of the 

necessary measurements to be taken.

At this juncture of the methodology, the accuracy and reliability of the data can be 
assessed as this may be a point of returning back to Stage 2 if quality of data is deemed 
to be poor. These are typical aspects of project management (Slack et al, 1998) and six 
sigma methods through the DMAIC function (Pandes, 2000). Again the feedback and
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communication key is consulted to measure the cultural gains and to ensure correct 

completion of all of the guidelines. This key gives a general overall understanding of 

the project methodology. This stage introduces queries to instigate feedback, promotes 

the correct analysis and enhances the project direction.

The outcome from this third stage will be the overall current state of the organisation. It 

is here that the proposed methodology prioritises the design and physical changes over 

the cultural changes. The cultural issues are enhanced with the technical changes taking 

form. In the proposed methodology the technical advances will be documented 

theoretically and then analysed first. However, the cultural issues will be monitored 

throughout via the feedback loop and communication key. Allowing these technical 

aspects to be involved when deriving the cultural future state allows greater change of 

successful implementation (Chu, 2003). After technical issues have been assessed, the 

concepts that influence the cultural changes are required. Both features are then united 

and will be introduced as one structure when transforming the system from current to 

future state if all requirements are achieved and set. The user can then move onto the 

fourth stage.

3.3.4 Stage 4 - Analysing the Technical Data and Defining the Technical Future 

State

The fourth stage uses only the technical data for analysis, by collecting and analysing the 

data as planned and required in Stage 2 and thus recorded in Stage 3. Initially the 

current state of the technical data is benchmarked theoretically, the techniques described 

are applied and this current state is re-evaluated, analysed and transformed. The first 

section within this stage, figure 3.10, looks at the operational micro-mapping concepts 

defined in figure 3.4 (page 80) and are referred to as 'operational analysis tools'. All of 

the concepts are evaluated by departmental level in this first Stage (Stage 4, Section I).

1
X" "N

( STAGE 4 - ANALYSING THE TECHNICAL DATA (Defining the Technical Future State) J

I To look at the Quality, Material and Information Flow, Operator Flow, Process Flow, the Layout, Structures of hierarchy. | 
1 Delay Periods, Departmental Relationships through the Supply Chain, including the Ratio of Support to Manual Staff. 1

C INPUT = THE BENCHMARKED OVERALL CURRENT STATE ") 
^V ————————————————————————————————————————————————————————————————————————————— S J

1
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SECTION I |

• Analyse the detailed technical current stale data through micro mapping concepts at department |c \cl.
\nal) sc Ihc need lot UK product and tlic dcmjiui 

Introduce a decoupling pnnil if necessary

- Standardise the s> slcm prc\ lous lo this point

- Stud> the v aluc added and non-v aluc added flow including Ihe flow of ihc product, process and operator

- Create continuous flow where appropriate

- Reduce the batch quantiH 

Reduce ihc inventory IcuK

- Reduce the set up and change o\cr tunes

- Introduce k an ban and supermarket pull sv stems

- Rc-schcdulc the process to pull the products through the s> stem

- Rc> ond the- dccouplmi1 poml mcel UK aislomer demands \\ ilh j more ouile nature

- Anal\ sc the s\ stem a\ ailabilit> for the specific chosen product / product family

- Analv sc the information flow

- Increase shipments to and from the s\ stem

- Anal> sc the paper flow and support lo Ihe sv stem

- Slud> the results of the required work

,\ ;rc,iu pn»K,^ i,. mipiou

- Target initial areas

- Create a list of improvements that are harder to achieve - kai/cn improvements

- Anal) sc these improvements to create individual projects

SECTION II |

• Analyse the holistic technical data.
- \n.il\st c.kh dep.iriinenl lo create the improvement of Ihe suppK chain

- Re-assess issues such as ihc flow . quality . tunes elc through the sv slcm lo reduce the distortion ol mlcuratnm suburoups

- Anal> sc the suppliers of materials

- Understand Ihc supplier base and look to reduce

- Improve ihc supplicr-buvcr relationship

- AnaK se ihc data tor possible integration cither v crticaltv or hon/ontalh

- Understand Ihc relationship of the logistics with Ihc product life cvclc

- Ma\bc rcslnicltirc the svslem lo improve the logistics

- Also include transportation logistics

- Mav he introduce the concept of v irlua! warehousing 

\n,ih -^ l IK supporicd dcpartniL-nts In -.(vd\ mu l IK laiio ol in ami a I staff lo support cmpku ccs

NOAre other sub departments 
required to be analysed?

SECTION III |

• Analyse the technical current state through different management ideas.
- Crcalc risk and cosl anaksis documentation

- Look at the costs and risks associated w ilh restructuring the s\ stem due lo the ph\ sical changes

- Crcalc improved strategics

- Create new work and organisational breakdown structures

SECTION IV |

• Is the technical current state as good as the process can do?
- Understand where the current stale can improve

- Feedback into the mcthodolog>

I

YES

( KKATK I UK TK< HNK Al KUTI'KK SI A I I-

T
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SECTION VI

• What arc Ihc significant technical changes?

- Highlight the reduced lead-time and the reduced ration of process lead-time to process acti\ ih lime

- Sho\s how the material and information flow has improve, lo reduce associated costs reduce the associated space has effected the lead- 

time

SECTION VII |

Is the data validated arc the sources reliable?
- \\IKK |mv.!hk L oik».i in* u.im m.miuil'

YES

SECTION VIII UNDERSTAND THE FEEDBACK AND COMMUNICATION

YES

OUTPUT = THE TECHNICAL FUTURE STATE

NO

YES

Figure 3.10: Stage 4 of the proposed methodology

This stage uses lean thinking tools such as the eight guidelines for transition. Rother and 

Shook, 1999, Rother and Harris, 2001, Harris, Harris and Wilson, 2003, Smalley, 2004 

and Liker, 2004 all use methods associated with lean thinking mainly at plant and 

production process level. Agile production methods as well as six sigma methods are 

used to create flexibility into a system to increase quality. All issues raised within the 

literature review assessed the limitations of lean thinking and discussed the lack of 

flexibility in the systems thinking, as well as the assumption of high quality 

manufacture. This stage moves through the guidelines allowing the transition to develop 

according to the relevance of the concept to the project. By assessing at this level the 

results will produce a more achievable outcome since the actual people of the system are 

involved and their view, opinions and experience are also used to help gain insight into 

the project (Paton and McCalman, 2003).
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The following stage takes a holistic approach and assesses the project requirements for 

overall measurements. From the project definition the proposed design methodology 

will be simpler to implement, due to scaling down the roadmap depending on the project 

needs as not all sections or guidelines will be necessary. This stage also considers 

logistics as well as departmental integration.

As the scale of the project could be reasonably quite large, it is felt that at this point in 

the project it may be necessary to reduce it into sub groups and the proposed 
methodology allows for this decision making process. This then guarantees that the 

project remains united between the departments/factories and that projects are not 
carried out in isolation. The supply chain will be analysed to reassess issues such as 

material and information flow, quality and lead times. The overall picture can be fused 

together through systems thinking methods (Scholtes, 1998), ensuring that the 
information in the lower levels is accurate and reliable. At this point in the stage, 

feedback is sought regarding the need for the decision of the project into sub-groups. 
This allows the integration of sub groups or departmental projects to be fed back into the 
proposed methodology to create a top level and holistic view of the business.

It is important to remember that the project also requires a degree of management skills 

to stabilise the system through the management of other projects and assess the overall 
project with regard to cost and risk. There may possibly also be a need for structural 

changes to the company as well as new organisational and work breakdown structures. 
As another feedback loop, the proposed methodology realises that it is important to 
consider the situation further and assess whether technical current state is as good as the 
process can do. This can be achieved through implementing lean thinking through 

kaizen events, six sigma through data analysis and strategy management through project 
management. So, this stage of the proposed methodology provides an understanding not 

only where the process can be improved through theory but also through experience.

If only operational tools are used to change the project then the success will not be very 

high (Reijers and Liman Mansar, 2005). Therefore, strategy management tools also 
need to be considered (Knowles et al, 2005) to manage the transition either through cost 

analysis organisational structural changes, communication plans, resource planes, 

timescales and objectives to name a few. Lean thinking alone does not consider the
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planning and management involved with the implementation of a system. It was 

necessary at this stage to question the results produced, as a great deal of information has 

been addressed and processed and it was felt that it was essential to question what has 

been achieved thus far. Should any faults or mistakes occur the project could feedback 

into the system.

From this it is then expected that the technical future state can be generated. In turn 

these technical changes should be documented for investigation, by highlighting the 

significant technical changes and this benchmarking processes allows the user to 

consider concepts of lean thinking and six sigma through mapping and data analysis.

By analysing the significant differences between the current and future states, the 

documentation can be referred back to highlight the milestones and transitional 

accomplishments. This strategy complies with continuous improvement initiates 

associated with lean thinking and six sigma. These considerable changes should 

measure lead times and the reduction in inventory through waste elimination as well as 

strategy management issues such as costs and quality. Like the previous stages the data 

is assessed for reliability as well as the feedback and communication key. The final 

outcome from the fourth stage is the technical future state. Within the literature review 

it was highlighted that one particular limitation of lean thinking was the consideration of 

'real time' events. It was thought within the literature review that simulation modelling 

could benefit 'operational analysis tools' by testing in a simulated system of the 

theoretical model. Stage 5 takes the data analysis and evaluates the limitation 

highlighted within the literature review.

3.3.5 Stage 5 - Improving the Results and Defining the Optimum Technical 

Future State

The fifth stage takes the results from the previous stage, the technical future state and 

investigates the need for further improvement. This stage identifies how the technical 

future state can be improved through simulation modelling including verification and 

that the suggested improvements from the technical future state are achievable. This 

stage satisfies the lean thinking limitation of implementing a theoretical future state
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design into a real system with figure 3.11 showing Stage 5 of the proposed design 

methodology.

STAGE 5 - IMPROVING THE RESULTS (Defining the Optimum Technical Future State)

c To understand how the results from the Technical Future State can be improved through Simulation Modelling as well as 
verified that the suggested improved from the Technical Future State are achievable.

INPUT = THE TECHNICAL FUTURE STATE

T
SECTION I

Assess whether the suggested improvements are realistic and achievable?
- Create simulation model of the technical future stale
- Check the model for validity to the real system
- Ensure the model is random like the real system
- Ensure the routings on the model are correct as well as the logic

YES

SECTION II

Use the model for further analyse.
- Assess the model for the machine and labour utilisation
- Look at the use of shift patterns
- Highlight the bottlenecks
- Document the results found
- Suggest improvements to make to the model from the analysis.

SECTION III |

Use the model to optimise the system.
- Alter the model accordingly to remove the problems that occur when analysing the technical future state through modelling.
- Reanalyse the model and record the data
- Document the changes to be made

SECTION IV
I

CREATE THE OPTIMUM TECHNICAL FUTURE STATE

I
UNDERSTAND THE FEEDBACK AND COMMUNICATION

YES

OUTPUT = THE OVERALL TECHNICAL FUTURE STATE

NO Are the answers sufficient, 
can the output be created?

Figure 3.11: Stage 5 of the proposed methodology
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From previous research these technical results can be evaluated further to check the 

validity in a real system. To do this the proposed methodology creates questions to be 

answered about the reliability and achievability of the results produced from the 

technical theory. The approach that the proposed methodology uses is through computer 

simulation modelling. This then allows the results of the system to be tested on a model 

before making these changes in the real system. The approach taken here to define the 

future state model is adopted from Banks et al, 1994 from which aspects of simulation 

model building were used from the 'steps in a model'. The information derived for the 

technical future state is used. Once more these results are likely to produce further 

questions that may have to be considered by feeding back into the system through the 

feedback loops.

This model can then be used to simulate other aspects that may not have been studied in 

the operational analysis tools, thus improving and justifying the results of the change 

process to make more realistic and achievable. 'Operational analysis tools' do not assess 

the effects of shift patterns and the concept of time (Worley and Doolen, 2006). Also 

resource and capacity planning are also not utilised in these tools (operational analysis 

tools) and hence this is where the use of discrete event simulation is important. 

It will be necessary to investigate the project to ensure that it is meeting the initial 

requirements that were set and that all stakeholders involved are satisfied with the 

progress the project is making. As with the current state simulation model the 

operational analysis tool will tailor and give direction of where to apply discrete event 

simulation. This stage will use discrete event simulation to understand other factors 

where these operational analysis tools do not consider, for example machine and labour 

utilisation, the aspect of time to include shift patterns, to highlight bottlenecks and other 

related factors.

3.3.6 Stage 6 - Analysing the Cultural Data and Defining the Overall Future State

Stage 6 analyses the cultural data, shown in figure 3.12. The reasoning behind this stage 

is to reassess the overall technical future state to include the influences of the changing 

culture. A major concern that was discovered within the literature research study was 

the integration of technical data with cultural data. 'Operational analysis tools' such as 

lean thinking only analyse the technical information of a system (Fearne and Fowler,
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2006). To ensure implementation success cultural aspect also need to be considered, 
which are harder to achieve (Proudlove et al, 2008). The literature review highlighted 
this particular aspect being a limitation of lean thinking methods. All previous cultural 
data collected throughout the previous stages is collated together to analyse the changing 
cultural environment.

rx ——————————————————————————————————————————— ——————— x^
( STAGE 6 - ANALYSING THE CULTURAL DATA (Defining the Overall Future State) J

| By analysing the Cultural Data the Future State that has been created Technically ca 
1 Data. Therefore increasing the Rate of Success

i again be reassessed to include this |

^ INPUT = THE OVERALL TECHNICAL FUTURE STATE ^

|
SECTION 1 rOI.I.AIF. Al.l.n RBF-N1 f 1 1 II Rk 1)4 1 4 ffll 1 H fHI 1

S

HRO(i(,HOlT

1
SECTION II

• Analyse the current state culture.

- I nderstand through the data collected and Uie classifications made about the current business culture 
- -\nalvsc the culture on business improvements and change 

- Investigate the thoughts and emotions of the people the change effects 

- Introduce eniplcn ec empowerment and self motiv alion

- Stud\ win Uie people have reacted the ua\ the\ have 

- Mav be the reasons are though sccurih . patterns or commands, status authont\ . power or relationships 
- Need to consider what things are said and how th \ are said 

- Investigate the cause and e fleet on emplov ees re lions- to certain change 
- Understand and appK concepts on the behaviour if people through transact lonal anal\ sis to miprov e the qualm of communication 

- Explore multiple possibilities and approaches ins cad ol pursuing a single approach 
- Expect ilia! Uie techniques used for changing eon epts and perceptions can yenerale new ones 
- Help people to change their thinking m order to s pporl changes 

'•I-'- .• the feedback daia from the operators and i MIT pare rluM- •'• , mem feedback

^-----***^*^ Is more information ^""""---^,
"^--^^^ required? ^^***^'

NO jT^

SECTION III | uf vll Mll ,, M (;| vr llt , , , ,, ,.,

YES

|
SECTION IV

• How does this effect the technical future state?
- Docs the technical future slate need adapting ' 
- Feedback into the s\slcm where appropriate

^^^— -*"^"^ Is more information ^"""'— -^^ 
^"^-^^^^ required? ^-B-^-~"~""

YES

SECTION V TRFATF THF OVERALL OPTIMUM FUTURE STATE

|

1
ITION
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YES

OUTPUT = THE OVERALL THEORY OF THE OPTIMUM FUTURE STATE

NO

Figure 3.12: Stage 6 of the proposed methodology

The proposed methodology analyses the current state culture, by taking the current 
cultural classifications and the evolving changing matrices as shown in the literature 
review in Section 2.4.6. This stage evaluates how change and business improvements 
affect the business as well as the success of the project. This section will cover a 
number of different aspects through investigating the thoughts and opinions of those 
involved and how they think these changes will affect the business (Kotter, 1996). The 
proposed methodology will explore the different ideas and the possible multiple 
approaches instead of pursuing a single approach (Scholtes, 1998). This stage also 
recognises and investigates the use of employee relations as well as empowerment and 
company ethics. This stage is used to understand the reaction to change including the 
willingness to change of the work force. It can be assessed through surveys of all 
stakeholders and also the perception between the operators and the management can be 
studied.

This different approach tests the hypothesis to establish how to actually take the 
technical processed theoretical data and use that information to also consider and 
investigate the cultural aspects (Paton and McCalman, 2003). It is this feature that is 
very often forgotten when transforming a system through a change process (Reijers and 
Liman Mansar, 2005). Should further cultural information be needed to be measured, 
recorded or analysed the proposed methodology utilises a feedback loop to allow the 
user to back into the previous steps. These loops are important to create project structure 

and justification.
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At this point in the proposed methodology the ideal future state culture is documented. 

It is also important to bear in mind that, should there be any significant differences 

between what has been achieved at this stage to any previous 'creating future state' 

stages, the future state should move back through Stages 4, 5 and 6 to be reassessed via 

feedback loops. There are a number of feedback loops at this stage due to the high 

uncertainty of cultural change management and how this affects the physical system. It 

is also necessary to specify any further significant change between the technical future 

state and the future state culture. To continue with standardisation the feedback and 

communication key is evaluated, and the output created.

3.3.7 Stage 7 - Create a Strategic Plan

Stage 7 starts by re-visiting the project definition outlined within Stage 1. This is so that 

changes in the project strategy as defined in Stage 1 (which have been fully documented) 

as well as the mission statements and visions may have altered. It is from here that the 

creation of the strategic plan can be initiated. As highlighted in the literature review a 

limitation of lean thinking is the knowledge of a structured implementation plan. This 

stage aims to create this plan through the use of strategy management techniques, such 

as project planning through Gantt charts (Russell and Taylor, 1999) but also using the 

model of the system created from the operational techniques. An important factor of the 

proposed methodology is that those affected by the changes are involved at every stage 

of the plan. Also as discussed in the literature review the lack of cultural analysis in lean 

thinking methods (Thomas et al, 2003) is overcome in this stage by considering the 

'people' aspect in the plan definition. This stage is an example of the parallel continuum 

of operational, cultural and strategical management methods, shown figure 3.2, page 78. 

The flow chart of Stage 7 in the proposed methodology is shown in figure 3.13.

— >*

I
S~ "N

C STAGE 7 - CREATE A STRATEGIC PLAN )

| A Strategic Plan of all of the new concept to aid with the Implementation Procedure. The Plans will be structured to involve j 
1 all affected by the Project and milestones are to be created for small achievable goals. 1

( INPUT = THE OVERALL THEORY OF THE OPTIMUM FUTURE STATE J
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Refer back to the project definition.
- How lias the project changed' 1

- Document these changes

- Define the mission statement

- Define the \ ision

Have an input from the internal stakeholders.
- Mctl these those involved.

- Make changes if ncccssan

- Create the strategic plan of implementation with the si.ikdioldcrs

What is the relationship with the external stakeholders (in the improvements.
- Assess llit fmana.il relationships

- W-ssiht Kljlion-hips with I!K supplier .ind the uisloincrs 

Highlight the goals and objectives of the strategy.
- Take the thcorv and div idc into manageable si/cs

- Create loops in the theon - sections

- For each section list the improvements required

- Place a goal objective for that improvement

- Put a tune lonsirami 10 iht objectives

YES

NO

SECTION II IKK I'MKM IHE StRATECIC PLAN.

Analyse the plan.
- Assess the risk factors on each improvement

- Calculate the associated cost

- Assess the factors of cost compared to the effect of the impact of die implementation and the benefits

- Create a work breakdown structure
- Inlomi iiK:i..amM>l UK impkmcnuUon ol UK \,oi k hrciikjovvn sinn.lurt

- Also create (he organisation breakdown structure

- DI-OIV, who Mill IK UK Jungv agent- - people » ho uill duxe MIL Jiiingc

- Can Uic business profit from these project improvements''

- Assess the durability of the improv cmcnt

- ^nal\ sc Ihe transparcncv and repliL.ibiliiv

-Can ihtst improvements be generic and applied in other areas.

YES

SECTION rv I
What is the feasibility of the project?

\\ iM I IK , nliiiK HI.4.'. I!K niipK'.v cniciiK piohltill

- What is the financial feasibility' 1

- What is the fcasibilih of obtaining the resources'

I
DOCl MENT THE IMPROVED STRATEGIC IMPROVEMENT PUN

I
UNDERSTAND THE FEEDBACK AND COMMUNICATION

YES

YES
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OUTPUT = THE STRATEGIC IMPROVEMENT PLAN

NO

Figure 3.13: Stage 7 of the proposed methodology

Internal stakeholders have an input into the creation of the strategic plan by discussing 

the success of the design, whether it has met the needs of the company and whether 

further adjustments are to be made. Here it can be seen the integration of a number of 

concepts. The flowchart of Stage 7 demonstrates the use of strategy management, six 

sigma, culture management, supply chain management and lean thinking tools to define 

the plan. Concepts of lean thinking are used to break the plan into manageable size 

through implementation loops as demonstrated in the learning to see analysis (Rother 

and Shock, 1999). These manageable loops have goals and objectives assigned which 

uses concepts of six sigma in the define stage of the DMAIC process (Pande, 2000). 

Stakeholders are involved at the onset which elevates cultural issues related to project 

involvement and communication (Kotter, 1996). Similarly logistics planning is 

measured and defined, so supply chain management ideas are established to ensure a 

total project overview (Bolstorff and Rosenbaum, 2003).

Once these initiating steps are complete the strategic plan will be created and 

documented. The next step is to analyse this plan to assess the financial situation of the 

change as it will be necessary to understand the associated financial risks involved and 

the associated costs. These are measures of strategy management and this is an example 

of concepts and considerations that lean thinking does not evaluate as shown in the 

literature review. The relationships of the suppliers will also have to be investigated to 

ensure successful implementation of the methodology. In this step of the proposed 

methodology theories of strategy management, supply chain management and cultural 

management are being used simultaneously to improve the plan and implementation. As 

with all stages of the proposed methodology feedback loops are present and so further 

information can be collected and analysed to allow continuous improvement on the 

project design and implementation plans.

110.



Goals and targets are set within the proposed methodology to guarantee that all aspects 

of the theoretical design are met, by creating feedback loops to verify that the 

implementation design is in line with the theoretical design of the future state. Most 

importantly time constraints are added to these objectives to ensure the sustainability 

whereas lean thinking tools place very generic time restraints on the implementation of 

the design as discussed in the literature review. It is intended that in this proposed 

methodology structured and achievable time constraints will be set to ensure greater 

implementation success through strategic management tools such as project 

management. The strategic plan will then be documented ready for analysis. The 

strategic implementation plan will be the most customised part of the proposed 

methodology while the other stages are however tailored and will still remain very 

generic.

Once the strategic plan has been documented it is analysed on topics such as costs, 

profits, durability, work breakdown structures and organisational work breakdown 

structures. The change agents, those people directly linked to the project and drive the 

changes will be involved in the plan. The transparency and reliability of the project will 

also be considered to ensure that the improvements are generic for other areas. At this 

point in the stage the feasibility of the project is questioned in terms of financial, 

resource and structural. These are all areas of implementation management that lean 

thinking does not consider when transforming a system. The feedback and 

communication key is analysed and a number of questions are placed before the output 

to ensure that all aspects are considered. The output from this stage will be an improved 

strategic plan.

3.3.8 Stage 8 - Implement the Strategy

Figure 3.14 displays the steps of Stage 8 of the proposed methodology, which is to 

"Implement the Strategy". This module will concentrate more on the monitoring of the 

cultural environment the physical changes as these have been defined and are less fluid 

then cultural issues and constraints. It is this stage that is the most significant with 

regard to the success of the project implementation. This stage is based upon the 'Do' 

function of the TQM cycle previously discussed as the Plan, Do, Check, Act (PDCA) 

cycle (Liker, 2004).
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STAGE 8 - IMPLEMENT THE STRATEGY

Using the Strategic Plan the theory of the Future State will be implemented, assessing the Cultural Behaviour throughout the ) 
Implementation Phase. The Changes as with all Stages will be studied & documented. I

INPUT = THE STRATEGIC IMPROVEMENT PLAN ^

i
SECTION I |

IMPI KMFNT THE CHANCES IN IMCREMFMS AC( OHUINCI.l TO THE SIRA I'ECIC IMIM EMtMAIION I'l \\

SECTION ll |

Consider the following points when Implementing the Improvements.

•ed- tor the change to sustain uiihoui nn.Ti.roii mental model-* ha\e to t

- Thus creating knowledge ;md a purpose

- Reiterate I he purpose of change

- t m path ise w i(h people and assist to man.iye llieir self-esteem through the implementation process

- People w ill defend ihcmseKfS

- Hum self esteem and skills will suffer

- I ndcrsland people 1 "; reauion lo change - denial, defence discarding adaptation and niK-niali^inj.1

- Explain llit need for ehanye and us fcasihilih

- HigliliLihl how these impro\emcnls need a new nielhdd ofihinkim:

- Sho\\ hou ihcse improxemeius are linked lo goals find obiecincs

- Hi^lilighiilK' "psvclioloeicalsafch''-^ need fin i:\ei\oiu. HU!K Jiangc

- Hiuhligln ho\s .1 new fonn of knowledge will be created

- 1 he people creating I his know ledyc ho\vc\cr musi have a puipose - ilns purpose has lo be Inghlidilcd \er\

- Be aware ilial people \vill be in denial and will dem ihc \alidn> of new ideas

- Consider the magnitude ol'lhe change

- Assess ihe l\ pc of change - incremental or Iransaclional

- Understand the lime a\ailable on ihe project as well as ihc discussion nine

- Tlic suppon for change within the organisation

- Discuss the outcomes and select a change management sl\ Ic

- -X t\pical sh Ic would be 'forced e\olulion' - this would he introduced in UK

-The Shktould change ihioin-tioiil UK mink nu ni.in.xi oir. .s- . IKITIK mat. 

dicuiional iransfoini.ni"ii

mental ?iicps but the ia|oru> of people oppose the

Does the strategic plan need 
adapting?

YES

Ensure that the change agent performs certain roks,
- I hat [lie change agciil rdulcs IO the obieclnus

- Is aware of the politics throughout change

- Is sensitive to those imoKcd
- Carries out continual communication and negotiation

- Has ihe abilih to build learns and lakes a leadership role

- Understands lacucs for and against change

Involve both the internal and external stakeholders.

- Document this data.

Are changes required in the strategic implementation plan.

- Does the plan gne ihe desired effect' 1

- Gather the information from the teams m\ol\cd in ihc plan

- Gather the data documented from the stakeholders

Does the strategic plan need 
adapting?

YES

SECTION V UNDERSTAND THE FEEDBACK AND COMMUNICATION

YES
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Does the strategic plan 
need adapting?

YES

OUTPUT = THE PROJECT IMPLEMENTED

NO

YES

Figure 3.14: Stage 8 of the proposed methodology

At this stage the concept displayed in figure 3.6 (page 87) is utilised the most. This 
stage involved using all previous cultural data collected through the transition either 
from the feedback and communication key, the documented changes, Stage 6 and the 
implementation plan. This stage aims at not only using the cultural unfreezing process 
achieved throughout the previous stages and implements the planned improvements but 
also considers the culture management points in the first section in Stage 8.

Ideas such as considering the types of change management styles and ensuring that the 
change agents perform certain roles are also necessary to consider here. The proposed 
methodology concurrently uses aspects of culture management through people 
management, but uses six sigma tools to manage the data analysis that is produced from 
implementing the improvements. The information analysed in this section highlight 
attributes of soft systems through the uses of cultural, strategical and people 
management. All of these aspects are restricted in lean thinking tools. Soft systems 
thinking results with less distinct answers (Fullan, 2004) and at this point in the 
proposed methodology the implementation approach could be dramatically changed and 
so a feedback loop has been identified to allow changes to the implementation and plan.

Whilst the implementation process is taking place there are certain aspects that need to 
be monitored throughout. Clear roles, responsibilities and change agents should be 
defined so that the transformation needs are promoted and that any concerns and issues 
by any stakeholders are addressed. These again involve all stakeholders, internal and 
external, possible changes that may be required to the plan and creating a progress report 
detailing how this is monitored. This can be taught through strategy management tools
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(Coulter, 2005) and lean thinking tools through benchmarking (Feld, 2001). This stage 

also allows adaptations to the plan due to real life implementation and using the 

feedback and communication key. The final outcome of the eighth stage, feeding into 

the next stage, is the project implementation. The main usage of this stage is to follow 

the structured operational changes and to monitor the cultural changes simultaneously.

3.3.9 Stage 9 - Measure the Results of the Progress

In this stage Deming's Plan, Do, Check and Act cycle is reiterated further. This stage is 

a formation of this cycle and is based on the analysis of the actual results against the 

planned and estimated results. Stage 9 is seen as a revision section, figure 3.15, and it 

was felt that this stage should analyse the results from the implementation phase. The 

main achievement from Stage 9 would be to highlight the documented results and how 

these answers compare against the project requirements to indicate any differences. 

Initially all results from the implementation of the design would be acknowledged and 

analysed using techniques from strategy management by project documentation and six 

sigma through the 'measure' and 'analyse' function of the DMAIC process. From this 

all previous documented stages in the proposed methodology will be referred to. By 

referencing the current state (technical and cultural) the user can use six sigma through 

data analysis (Pande, 2000) and lean thinking by benchmarking the change. VSM 

(Rother and Shook, 1999) can be applied to understand the accuracy of the 

measurements taken to investigate discrepancies. These issues can be used for 

continuous improvement with the use of the planned future state.

I
X" "X

f STAGE 9 - MEASURE THE RESULTS OF THE PROGRESS )

| This will highlight how the Results of the Project will be documented, how these Results will be measured against the Project j
1 requirements to indicate any differences. The involvement of the Stakeholders is essential in this part of the Methodology. 1

C INPUT = THE PROJECT IMPLEMENTED ")v" ——————————————————————————————————————— J

1
SECTION 1 |

• Analyse the the results.
- Dummcm all ol (he end results

- ( oninicnt on ihe changes - technical and cultural

1

™
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SECTION II

• Reference the current stale - technical and cultural.

- Measure the results throughout the whole change process b> benchmarking the actual future stale against the old bcnchmarkcd current 

stale 
- Highlight this b> creating the ncu current stale.

. .... ....... . . ill.. .IMktuiu <• 

- >\nal\se how llu- v iillmal em iiuiimeiH has Jumped
K. , 1 I,,.., Iv ill, . nlhit.il .j.n,

1
SECTION III

• Reference the planned future state - technical and cultural.
M.Ik .lIHl -vkll ua-, .Klll.llh .KllIC' Lfl

- Understand these results as a method of conlmual improvement

1
SECTION IV

• Reference the strategic plan.

- Use the strategic plan as a method ol benchmarking 

- How is the actual future slate difference from the strategic plan 

- Was the implementation earned out 10 the plan

1
SECTION V

• Reference the project plan.

- Was the deadline ol the projccl met'' 

- What were the dela\ s in the project'* 

- Hou was the project plan changed throughoul the life c\ Je' 1 

- Document these findings

1
SECTION VI

* Involve the stakeholders.
- ni^u^ iheM. result \\uli iltt ^ijkdiokJu^ 

- Do the changes produce the desired effect' 1

- Make changes if nccessan, and document

*
SECTION VII nori'MFNT THF OVERALL RESULTS IN THE FORM OF REPORTS

1

-- — — ^^~^^"^^ YES _^-*"""^ Is more Information ^^^^^^
^~-— ̂_____^ required? ^_^_--~^ 

NO J|

-^^^"^ ^~~~~~~— --^ YES 
^**^"^ Does the strategic plan need ^"^—^

~~~~— ̂ __^ adapting? ^^^-*~'^ 

NO j|

[ OUTPUT = THE RESULTS DOCUMENTED FROM THE PROJECT )L^ ———————————————————————— ̂i
™" __^—-^^Are the answers sufficient/""""""—-— _^

^^-^-^^can the output be created?^^^--^ 

YES J|

—— *•

— >•

Figure 3.15: Stage 9 of the proposed methodology

By using theories of strategy management, as a form of benchmarking, the user can 

analyse any future state differences between the strategic improvement plan and what
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was actually carried out. Finally the initial project plan can be assessed to investigate 

the project as a whole and to challenge any discrepancies with regard to meeting the 

goals and objectives as well as the timescales. These issues should be kept to a 

minimum due to the continual assessment carried out throughout the proposed 

methodology via the feedback loops, including the feedback and communication key. 

All of these sections will involve the input from the stakeholders by incorporating 

theories from culture management. This is through discussions and communication 

plans, as well as strategy management by questioning the actual results.

From the analysis in these steps within Stage 9 will be documented in the form of reports 

and it is here that the proposed methodology has further feedback loops for 

improvement. This stage will also calculate the usual measurements, for example 

looking at the progress measured throughout the project as well as the views and culture 

barriers that may have occurred. The outcome for Stage 9 will be the overall 

investigated and assessed results from the entire project which will be fully documented.

3.3.10 Stage 10 - Control the Project to Sustain

The final Stage 10 is considered to be the most important as this will determine the 

success of the whole project. This stage is concerned with finalising the continuum of 

the operations, strategy and culture cycle. This stage is about controlling the project to 

sustain the improvements made, as utilised by the 'control' function of the DMAIC six 

sigma process. Figure 3.16 shows the flow diagram of Stage 10 of the proposed 

methodology. The first point is to understand how to control the physical system, 

ensuring that the designed system remains within it limits and constraints. This can be 

achieved through six sigma tools. However, the system is also required to be reactive to 

the customer demand as well control of the structure is also necessary. Therefore the 

proposed methodology needs to be cautiously balanced. Variances in this system need 

to be understood and so the actual to required measurements of the improved system 

have also to be monitored and adjusted accordingly.
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STAGE 10 - CONTROL THE PROJECT TO SUSTAIN

[ To uiinderstand how the Control the Project past the Stage of Imple 
to feedback Into the System for Quality Control r

ge of Implementation. This will require in certain areas of the Stage | 
reasons and also to allow the Project to Continually Improve. I

INPUT = THE RESULTS DOCUMENTED FROM THE PROJECT

Him will the ph\*ical syalcim be controlled?

I
How will the organisation culture be controlled?

Lit.tU ..I'lixiiw.. ,in,l ,t,(k lliun jHtvi^K

- ! lH>k al ltlLllll|lk nblL-tJlV^ ,is \\^l >\: |XTS,i|l,]| diul

- Include financial undnon financial objectives.

J
How will the physical and organisational objectives be measured?

* How will this variance be fed back into the system.

• How Will the cultural climate be controlled?
I cfdhack In UK- jx'uplc d'liMcd h\ ihc cluing

YES

NO

SECTION VI UNDERSTAND THE FEEDBACK AND COMMUNICATION

YES

YES

OUTPUT = AN IMPROVED MORE EFFICIENT 
SYSTEM BOTH PHYSICALLY & SOCIALLY

NO
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SECTION VII

Figure 3.16: Stage 10 of the proposed methodology

Not only does the physical system need to be controlled but the cultural system needs to 

also be carefully observed. This will be carried out by creating objectives to control the 

cultural environment. These objectives need to be created by all of the stakeholders 

directly involved in the project. These objectives may contain sub categories, but need 

to include financial and non-financial gains (Finlay, 2000) and then they need to be 

combined through similarity; these are concepts of project management. This will then 

create objectives that are more pro-active that have a set of control limits within the 

physical process. In this stage of the proposed methodology the use of all three 

classifications of operational, strategical and cultural methods have been highlighted.

Once the physical and organisational systems have processes in control through the use 

of statistical process control methods and the limitations are set, the next step is to 

understand how these controlled systems can be measured through six sigma tools. This 

will be undertaken by making the objectives created quantifiable using strategy 

management methods (Scholtes, 1999). It will be important to guarantee that only those 

measurements that are important to the controlled system are considered. Once again, 

any variance will have to be measured and reduced.

Measuring variance is only useful if the information is fed back into the system and this 

is determined by the type of control the system has, that is whether it is open or closed 

loop control. By feeding the variance back into the system the improvements that have 

been strategically controlled and measured will be sustained. For example this could be 

changes within the customer demand or variance within the supply of products to the 

controlled system.

The last step in Stage 10 is to discuss with the stakeholders how the change has affected 

those involved and how the new system is different from what was expected. Again 

these variances need to be fed back into the system to highlight the need for changes to 

be continually fed into a structure to ensure absolute success and the feedback and 

communication key is finally used to highlight any differences. Then the entire project
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needs to be periodically restarted as a form of continuous improvement and to 

emphasize sustainability and control. Creating the output of an improved more efficient 

system physically and socially.

3.4 Research Justification

Particular frameworks that are associated with MBIM's are shown in figure 3.17. This 

diagram highlights existing improvement concepts that have been utilised within this 

research study and where they have been integrated within the proposed methodology. 
The figure highlights the features of the tools and their association with the proposed 

methodology. It can be seen how the features of these existing frameworks only 
consider certain aspects of the integrated from this research.

When analysing the diagram it can be seen that lean manufacturing tools focus 
particularly at recording data and analysing the technical information. Lean thinking 
tools are also associated with continuous improvement by measuring the progress and 

sustaining the improvements. Agile production tools concentrate on planning, recording 
and analysing a system to synchronise the project, which are different attributes to lean 
thinking. The figure shows many tools of supply chain management, which have a 
range of features. Whilst some specialise in project design through measurement 
planning data recording and analysis, other tools feature aspects of implementation tools, 
such as implementation strategy plans as well as progress measurement and sustainment.

Discrete event simulation tools have purely been executed to optimise a given system. 
These tools also have methods to plan the measurements requirements, however the 
primary functions is to verify and validate the system in a real time form. Tools that 

have broad aspects which fit closest to this proposed methodology are features of six 
sigma methods. The diagram shows how six sigma and quality associated tools have 

functions across all aspects of the proposed methodology apart from cultural techniques. 
The DMAIC cycle is very versatile and can be applied in any given system, however the 

PDCA cycle can be reiterated through project design as well as project implementation.
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V Integrated 
\ Methodology

Existing \ 
Methodologies \
^| Lean Thinking
^1 Learning to See - VSM Tool
^1 Policy Deployment
^1 Benchmarking Flow

• 7W

B PAM

^H. Agile Production
•1 System Synchronisation 
H AVE Reference Model
^•/^ Supply Chain
HJ Macro Mapping
^B Bull Whip Analysis
H SIPOC Model
H SCOR Model
HI Transaction Management 
^B Balance Storecard
H Logistics Management
HM Discrete Event Simulation
•• Real Time Testing 
HI System Optimisation Tools
^H Six Sigma
HI OMAIC process
^1 PDCA Cycle
H TOM
HB Strategy Management
HI Project Alignment
^1 SWOT Analysis
HI Project Management
HI Leadership Manaqement
HI Systems Thinking
HI Culture Management
•1 People Management 
HI Training and Education
^H Relationship Building
HI Knowledge Sharing

Stage 1 Project Alignment

X

X

X

X
X

X

X
X

X
X
X
X
X

X
X

Stage 2 

Planning the Measurement

X
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X
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X

X
X
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Stage 3 

Recording the Information

X

X

X

X 
X

X

X
X

X

X 
X

X
X

X

X

Stage 4 

Analysing the Technical Data

X

X
X 
X
X

X 
X

X
X
X
X
X 
X
X

X
X
X

X

Stage 5 
Improving the Results

X

-

X

X 
X

X
X

X

Stage 6 

Analysing the Cultural Data

-— -

---

X

X
X

Stage 7 
Create a Strategic Plan

X

-

X

X

X
X
X

X
X
X

Stage 8 

Implementing the Strategy

X

X

X

X
X

X

X
X

Stage 9 

Measure the Results of the Progress

X

X

X

———

X
X

X
X
X

X

X
X

Stage 10 

Control the Project to Sustain

X

X
X 
X

X

X
X
X

X
X
X

X

X
X

Figure 3.17: Matrix of existing frameworks against the design proposed methodology

Strategy management tools that are utilised are kept to a minimum to reduce the 
proposed methodology complexity. The existing frameworks applied are associated 
with project alignment and planning techniques but also strategic planning and data 
analysis. The tools researched to assist system transitions specialise in cultural analysis 

one particular feature utilised, is people management including training and education 

tools.
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What is apparent from this diagram is that no existing framework considers all three 

main strategies of operations, strategy and cultural, unlike the proposed methodology 
created within this research study.

This unified approach created in the proposed design methodology has ensured that a 

number of strategies that are not currently synchronised can be implemented 

successfully. The literature review also highlights that the failure rate of improvement 

initiative programs is quite high, due to the lack of planning of the cultural aspects and 
because technical issues are easier to implement. This methodology satisfies two main 

objectives (Berkhauer-Smith and Spedding, 2007);

1) An Integrated Business Improvement system that analyses many improvement 
concepts.

2) Implementing this theoretical design through analysing and evolving cultural aspects.

The main significant advantage gained from the methodology is the development of a 
specific development path to follow. This automatically reduces factors associated with 
cost, time, resources and increases success rates. Having this path of transformation 
alleviates cultural issues and resistance to change, it gives the project team assurance 
that the right changes are being made in the most efficient manner, therefore allowing a 
smoother acceptance of a change initiative program. This time can be better spent on 
training and culture programs to ensure greater implementation success. All of these 
factors will aid the reduction of the lead-time of a traditional change improvement 

program.

3.5 Proposed methodology Summary

Having identified the limitations of lean manufacturing within the literature review, it 
was also highlighted how other MBIM's could be integrated to elevate these restrictions. 

The literature review also identified the need for a structured design and implementation 

guide for business improvements.
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This chapter has discussed how the overall design of the proposed methodology was 

created by outlining 10 stages through quality initiatives. The chapter has also explained 

in detail the content of each stage and how the MBIM's are used and the reasoning 

behind the structure. The scope has moved through all three main concepts of business 

improvements and has allowed concepts of each method to create movement through the 

proposed methodology. The main focus of the integrated techniques were around the 

limitations of lean manufacturing.

The specific beneficial and most influential factors of these theories have been defined 

in figure 3.2 (page 78), along with impacting issues from one concept to another. This 

chapter has also described in detail the proposed methodology structure providing 

profound knowledge of this conceptual integration through the use of simultaneous 

guidelines within sections of a flow chart.

Existing frameworks that have been researched and studied within this research work 

have been represented in a table figure 3.17 (page 120). The aspects of these 

frameworks have been discussed and compared to the proposed methodology created 

within this investigation. This justified the proposed methodology against currently 

practised methods and demonstrated that there does not existence a methodology that 

integrates main MBIMs through classifications of operations, strategy and cultural 

methods. The proposed methodology considers many theories and concepts, as well as 

allowing the user to tailor the proposed methodology to the suitability of the project.

3.6 Chapter Summary

This chapter presented a comprehensive proposed methodology for continual transition 

from design to the implementation of business improvement techniques for the 

aerospace industry. The proposed methodology is presented in 10 stages that consider 

and integrate a number of operational theories along with strategy concepts, including 

cultural investigation. The results of the literature review have been accomplished 

within the methodology proving the research justification and contribution to 

knowledge. Having created a unified concept the next phase is to test the proposed 

methodology by applying to case studies within the aerospace industry.
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CHAPTER 4 : CASE STUDY 1

APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO 

IMPROVE SUPPLIER - BUYER COMMUNICATION

4.1 Chapter Introduction

The application of the proposed methodology is demonstrated within this chapter. This 

first case study aims to improve the communication between the supplier and buyer. 

This proposed methodology application is seen as a top level study. It is anticipated that 

this study will generate internal sub projects with each discussed company, with the 

foresight to reduce the product lead time throughout the supply chain.

4.2 Methodology Approach

The flow diagram highlighted in Chapter 3 (figure 3.7 - 3.16, pages 89 to 118) was used 

and applied to a top level improvement program. This project was initiated by the buyer 

to improve the relationship and communication with the supplier. By working with their 

suppliers and initiating lower level improvement programs, the two companies could 

work together to create a number of product supply chain improvements such as:

• Better quality products

• Shorter lead-times

• Improved transit times

• Better designed products

• Reduce inventory

• Lower costs

The aim of this case study is to work with the company to find appropriate ways to 

quantity these measures. All of these benefits would be passed onto the end customer; 

making both companies more competitive. It is thought that this first case study will be 

used to guide the lower level internal case studies within each company, thus ensuring
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continuity and communication between the companies. The methodology is applied 

through the use of the flow diagram (figure 3.7 - 3.16, pages 89 to 118); the sections are 

applied sequentially however the guidelines are applied as required. This chapter 

discusses how the proposed methodology has been applied, as well as a reasoned 

explanation to justify the tailoring of the design methodology to the project.

4.3 Company Overview

4.3.1 The supplier - Amphenol UK Operations,

Amphenol are a world-wide company and has a seventy year history and are global 

leaders in inter-connector technology. They have been present in the UK since 1957 and 

the UK plant at Whitstable produces connectors, as well as inter-connector systems. 

Amphenol UK have a manufacturing plant covering 14,000 m2 and use a range of 

technologies and processes of connector and cable assembly manufacture. The company 

has £30 million in revenue and 366 employees (June 2006). Their complete product 

ranges are used within the military/aerospace sector as well as broadband, mobile and 

wireless communications. Amphenol UK are a typical manufacturing company that has 

tried many improvement programs with little success. The company has realised that 

improvements and changes need to take place and in 2003 the company implemented 

aspects of lean manufacture by understanding the flow and kanban initiatives.

4.3.2 The buyer - BAE Systems, Rochester

BAE systems are the world's third largest defence contractor, the largest in Europe and a 

commercial aerospace manufacturer. BAE Systems is the premier global defence and 

aerospace company delivering a full range of products and services for air, land and 

naval forces, as well as advanced electronics, information technology solutions and 

customer support services. Annual sales exceed £15bn and overall they employ 96,000 

highly skilled people (June 2006). Like Amphenol, BAE Systems, have also 

implemented many improvement initiatives with limited success due to the lack of an 

enterprise view and lack of supply chain integration. The company has carried out many 

training programs with a high percentage of the employees being trained in varying six 

sigma levels. Many awards have been won due to the success of their improvement
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projects. The company now want to roll some of these ideas among their suppliers to 
gain further competitive advantage.

4.4 Methodology Application 

4.4.1 Stage 1 - Project Alignment

+ ( STAGE 1 - PROJECT ALIGNMENT r
I To investigate why the project is needed as well as the scope of the project. This stage shall identify who the customer is I 
I and will create a well defined project plan I

f INPUT = THE PROJECT REQUIREMENTS

\^

1

J
*+ — |

Figure 4.1: Stage 1 heading of the proposed methodology

The main project requirement is to understand and improve the communication between 

the buyer, BAE Systems and the supplier, Amphenol Operations UK. This is to enable 

the two companies to work together better within the supply chain to compete for future 

business. The buyer has identified future business and believes that the chosen supplier 

can assist and work with them; however improvements will be required internally.

The objectives to be achieved are to:

• Improve the communication and relationship between the supplier and buyer

• Reduce product lead time and cost by improving communication

• Increase the product quality and productivity

• Pass the advantages gained through these improvements onto the end 

customer

The aim is that by improving throughout the supply chain and by creating agreements 
between the two businesses, both companies can work better together and pass these 
benefits on to the end customer. This particular supplier was chosen as the main case 
study for a number of reasons: one due to previous history such as quality and On Time 
Delivery (OTD) issues that have arisen, as well as the physical site locations. The 
supplier site is 30 miles from the buyer location with all other suppliers being either
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located in other parts of the UK or abroad. It was thought that the ease of access to the 
site creates better communication and enhances the customer/supplier relationship.

+
SECTION 1

• \Vh> is the project needed?

• Wh> is the project required now?

• Who is the customer?
- 1 nden,lund \\ho the customer is <nid then needs 
- <Mn>n llic strategic goals ol'llic com pain \\illi Us cuxioruer

I
Figure 4.2: Stage I, Section I of the proposed methodology

Taking the project requirements a SWOT analysis was used to initiate the project. 
Figure 4.3 highlights the results of this analysis and it shows that there are many future 
opportunities that apply to both companies. Likewise, there are many current 
weaknesses that need to be improved upon such as, OTD quality issues, process flows 
and lack of communication. This analysis enables the creation of the project objectives.

The strategic goals of the companies have been discussed and the objectives highlighted. 
These will be addressed by creating further lower level and more detailed internal case 
studies. These case studies within each company will deal with the operational strategic 
goals and will carry out more detailed analysis. These will also address how the 
individual operational goals will align with the strategic goals and objectives.

The scope of the project is to understand the current supplier-buyer relationship and how 
to physically improve this supply chain across two companies. The options are to 
instigate improvements within the end of the supplier's internal supply chain and at the 
beginning of the buyers internal supply chain. The scope of the project is to create a top 
level guide between the two companies to ensure communication through the individual 
project improvements. This overarching project will ensure alignment between the two 
companies as well as alignment with the overall end customer.
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Strengths Weaknesses

• Leading edge manufacturers

• High technology products

• Specialist market

• OTD

• Product quality

• Material and process flow

• Long lead times

• Lack of communication

• Difference in business sizes

Opportunities Threats

• To expand the business

• To generate new products

• To improve the supplier - buyer 

relationship

• To reduce cost, lead times, inventory etc

• Increase communication

• Increase knowledge

• Competitors

• Losing the anticipated business

• Trust between companies

• The hold the buyer has on the supplier

Figure 4.3: SWOT analysis for case study 1

SECTION II
i

What is the scope of the project?
- Sclcci a siratci;\

- 1,'ndersland the options and choices of ihc project

- Look at the sustamabilil) and appropnabiliK of the project

- Look at the options and path\\a>s ofllic projcel

- AImn the comp,in\ slralcgic goals \\ilh the operational strategic goals 

What will be the future state?

IJitunmii. .1 mission siaknicnt and vision

I ndcrsiand the future market share

- Stud\ the future bv forecasting

- Look mlo l\pical examples build scenarios

Figure 4.4: Stage 1, Section II of the proposed methodology

The mission statement and vision is to promote better communication between the 

supplier and buyer. This in turn will create better production lead-times as well as 

purchasing lead-times, thus reducing cost which will be passed onto the customer. This 

relationship will also increase product quality as well as product transition times. By
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improving their relationship through better communication, the businesses can compete 

to a better degree with rivals. Minimal information has been collected and analysed 

regarding the forecasted future, however for this project the actual details are irrelevant 

as forecasting examples and scenarios are not required in this top level case study.

SECTION 111

I
• When is (he due date?

'• u*l ihi.HiHiiiii|.-si,in,^.iiu|,Jii. ,1.11.. 

• What are the tangible del ive rabies?
HII; ciu m turnouts 

MKiuiK Hi, i.m.'U > IP IIKIIUU in In iinJasliiiutiML1. I)K L.IUSCS uT Jijriij.f 

- Look at ihc c flee Is of international and ylobiilisation

- \lso understand the \aluo chain outside the immali.ile o|vr,iluiL' eiiuronmenl 

- Create the planned outcomes ofe.ich ^tocc

1
Figure 4.5: Stage 1, Section III of the proposed methodology

It is felt that only an estimated project plan can be created, because all of the case studies 

will instigate, overlap and begin at different stages.

A strategic project plan is shown in figure 4.6. This plan is however limited and 

demonstrates how the other case studies will unfold from this one and the interactions 

between them. The project plan shows the timescales allowed for all of the case studies. 

It was felt that the first methodology application would work through the first three 

stages independently. This project definition of case study 1 will instigate further 

applications. So project specification for this first application (created in Stage 3) will 

continue for a longer period of time than those subsequent applications. Figure 4.6 

highlights the proposed structure of the methodology application. This shows the more 

in depth applications of case studies 2 and 3. It also demonstrates how case study 1 

instigates the creation of applications 2 and 3 but is also the bridging application 

between the two.
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Case Study 1:- Extended Supply Chain
Supplier/Buyer Relationship Improvement

Case Study 2:- 
Amphenol

Manufacturing Line 
Redesign

Case Study 3:- 
BAE Systems

Receiving Process 
Redesign

Figure 4.6: The assumed proposed methodology structure

It was estimated that both the internal case study projects (applications 2 and 3) would 

follow a similar timescale pattern. It was felt that the second case study would be 

instigated in the third stage of the first application, as the recording stage of the first 

methodology application would involve the designing of the second and third case 

studies. It would be too complex to start both the second and third studies at the same 

time, so the decision was made to start the third after the design of the second. From this 

time plan it can also be seen that all of the studies have Stage 7 overlapping as this is the 

planning of the implementation of the designed improvement. The planning of the 

implementation and the actual implementation itself are more time consuming stages. It 

was hard to define a timescale for these stages as they are project specific and dependent 

upon the project requirements. Figure 4.7 highlights the case study set up.

i
SECTION IV

• Has the project been approved?
Imolw the .stakeholders 

- Involve Ihosc alTcclcd h\ ihc pioic

YES

Figure 4.7: Stage I, Section IV of the proposed methodology
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This top level project is to guide and understand the creation of the further two case 

studies to ensure the continuity of communication. All stakeholders are management 

teams in both companies and are aware of the projects. As the project becomes better 

defined and the more people are involved, they will be informed through meetings, 

awareness sessions, training, surveys and questionnaires. As no further information is 

required the application continues to the next section.

i
What is the current state?
- Benchmark ihc currcnl stale of ihc project specific suppK chain for c\ aluation purposes

- Create rough sketches of ihc information and material flou of the projecl in a technical current slalc through learning to sec mapping

- Undcrsland the currcnl procedures and flo\v of the business

Figure 4.9: Stage 1, Section V of the proposed methodology

Due to the nature of this case study being created as a driver for more detailed analysis 

as well as a 'bridging' method to ensure standardisation across case studies 2 and 3, 

detailed information is not required. Detailed analysis through lean thinking methods 

have been eliminated as here the analysis is on the cultural aspects through 

communication and current relationships.

The current culture is based upon the idea that the buyer is instigating this project. It has 

been noticed that this puts considerable pressure on the supplier to comply with these 

requirements as the future business with the buyer and end customer is at risk. Cultural, 

operational and strategic changes are required internally within the supplier to the 

anticipated level expected by the buyer, which were seen as a threat within the SWOT 

analysis.

SECTION VI UNDERSTAND THE FEEDBACK AND COMMUNICATION

T
Figure 4.10: Stage 1, Section VI of the proposed methodology
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Due to the early progression of the application a lot of guidelines are not necessary. 

Most of the cultural guidelines are based on the need of acceptance for change 

throughout the work force. This case study involves the management teams that are 

initiating the change projects and so issues related to acceptance of change are minimal 

at this point of the improvement project.

(C

YES

OUTPUT = AN UNDERSTANDING OF THE CURRENT STATE FLOW

NO Are the answers sufficient, 
can the output be created'

YES

Figure 4.11: Stage 1 output of the proposed methodology.

The output can be created based on the current information and so further information is 

not required. The supply chain lead time can be estimated, however the true value added 

to non value added will be derived in case studies 2 and 3. In this first methodology 

application the internal non value added activity is not being established due to the 

holistic approach being driven.

4.4.2 Stage 2 - Planning the Measurements

s f

STAGE 2 - PLANNING THE MEASUREMENTS
)

( To understand the full implications of the data necessary and how they will be obtained. To plan the key metrics required for | 
the project, discussing how these measurements are required and the use of these metrics 1

INPUT = AN UNDERSTANDING OF THE CURRENT STATE FLOW

1

————— J

Figure 4.12: Stage 2 heading of the proposed methodology

The second stage was to understand what measurements were required as well as the 

type of measurements. From the previous stage the project requirements and scope are 

fully understood, including an understanding of the current state flow. The current state
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is of a supply chain of two world-wide companies requiring internal improvements, to 
increase operational continuity as well as better communication.

SECTION 1
*

• What are the key metrics for this project?
- Identih ihe l\pc of data required \\ith the department*. 
- ldentif\ the actual data to complete the technical current state map

1
Figure 4.13: Stage 2, Section I of the proposed methodology

The key metrics for this project are top level and departmental understanding will be 
carried out in studies 2 and 3. The main key metrics to define here is the project 
requirements for studies 2 and 3. It has been decided that the case study in Amphenol 
will undertake and investigate the final stages internally. Case study 2 will research the 
final manufacturing production lines particularly focusing on a product manufactured for 
BAE Systems. In this study improvements can be made with the production lines and 
the dispatching departments.

The third case study will follow the products manufactured and supplied by Amphenol 
into BAE Systems. This study will investigate and carry out improvements within the 
receiving of these products. These studies will then create the detailed information 
required within this study to improve the relationship through better communication and 
logistics.

The guidelines covered in this Section II and III understand and define the requirements 
for detailed metrics. These are irrelevant for this study as the detailed information 
required here will be highlighted in studies 2 and 3. Operational micro mapped tools are 
not needed in this study; however the current culture can be classified through analysing 
the stakeholders involved. Within Stage 3 cultural classifications related to the 
relationship between the supplier and the buyer will be determined. The associated risks 
and costs will be assessed independently within each company. It is possible that the 
associated risks within each company will have an effect on the other; however this will 
have to be assessed after the in depth independent applications of case studies 2 and 3.
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SECTION [I

What initial detailed metrics are required according to business improvement methodologies?
.;. mil- .1,. 1.1..-I,: ,|,.,,..!,.i .in il .Li-

- Investigate the market need loi ihc produtl

- Take a snapshot of the processes

- Collect c\ clc / process limes (aclmU limes)

- Collect data on change over times and set up limes

- Understand machine availabihh
I 0,4- ;il UK' sieKK n<»l iu-i llu- ln>i inn. * i- M

! .-I ,i il.. / - 1,1 . ' • • 1 MI .ilKK'i'HUM, MI

- Look al batch quantities
- Look al ihc imcnton levels
- I'ndcrsland the information flow - the orders

- Look at ihc system schedule
- I ndersuind the produil * ;ineh

- Sec the shipments to and from the s> stem
- Understand the use of computers in the svstcm & the paper flow
- Understand the relationship of the support staff to production
- Look at the movement of operator'; processes A product

SECTION 111

What further metrics are required according to business improvement methodologies on reflection of that planned above?
- idumh UK. |Hum ul JiJkKiLli.iliuii

- Look al placmy ihc decoupling point nearesl to the customer as possible
- ln\ estimate in suilablc methodologies into standardising products
- Stud) the standardisation of the product

- Rese.in.ri into UK- dep.mmenul How. 

pplied

- knou the Mipjilier base 
I ook at lead-time requirements

- Make measurements through the Sf OR mclln>di'lntn (drill dimni

- Look al the distribution of producls
- InvestiyjU- Dirouyh the peuple involved - the stakeholders

- Docimiail I!K UIITCIII sl.ilc tiilliiK ihroiidi Llassififation

- Look at the associated costs- the costs of change.
- Create risk anal\ sis reports for change
- Document an\ changes to the plan
- Adapt the main project plan h\ drilling down and expanding

Figure 4.14: Stage 2, Sections II and III of the proposed methodology

The project plan that was created in figure 4.6 (page 129) highlighted how the key 
metrics will be collected through the timescale defined within the other studies. It was 
decided that is was at this point in the methodology that the detailed information 
generated from the other case studies would be required to continue this top level 

application.
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SECTION IV

• What holistic metrics are required according to business improvement methodologies?

- Create a regimented plan to collect the planned measurements 

• Adapt llic lean and agile dcas into all department noijusl special ,ill> intu hudiiUHni 

- Look at achieving a Icagi c sxstcin across the deportments in the suppK di;nn nut just m sub groups 

i iidei-.l.md how Lh;niL;e s i/Hcilim.' llic t ulluic

• Investigate the orgamsat on structure
i .'iilmiullv imolu' ilie .lU-li.'Ulei- 

- Understand the supplier ogistics 
- Stud1! the relationship K. \\een the business and ilic piudiKi suppliers 

- Refer back to the project plan 

- Reassess the lime scale

*
SECTION V

• Are the metrics valid and reliable?
.1^:1:. _!i. .::'!- ..!'.!'•', .1 V , .IK I ll'T ll< '.llllklU lllr ll.ll.l

lalu.ik ll os^niilh.ul- lui iJi.ihilnv 

- Measure the material value added to non \ alue added acli\ it\ through the processes 

- UndcrsUind the prtKCsbCs olllic proictl lo luU\ understand ninth inipro\cnicnl techniques ni.i\hc iipplnahlc m Ihc anal\ sc slayc 

• Is there adequate data on this project?

^^-— -^^""^ ^~~~~~~~-~^ YES 
^*^^ Is more information ^ —

~~~—-^__^^ required? ^ ̂* 

NO |T

—— >

Figure 4.15: Stage 2, Sections IV and V of the proposed methodology

4.5 Methodology Application Discussion

The outcome from this initial application was that in order to proceed, the detailed 

information that would be created from the two internal case studies was required. This 

study was required to improve the communication and relationships between a supplier 

(case study 2) and buyer (case study 3) as well as act as a 'bridging' application (figure 

4.7, page 130) to ensure continuity and communication. The communication and 

relationship cannot be improved without either businesses assessing their own company 

individually and addressing any issues that the other may have. This therefore requires 

an analysis of the internal supply chains.

Once the application of the proposed methodology is complete for case studies 2 and 3 

and the future states are designed. The baseline improvements can be fed back into this 

first application. It is impossible to improve the objectives set without obtaining more 

detailed information on the internal analysis, in this instance it is operational
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information. The cultural nature of this project is not only to monitor and guide the 

change but to ensure continuity and communication through these operational changes.

4.6 Methodology Justification through Application

The proposed methodology has been justified through the completion of the guidelines 

within the sections of the stages created in the methodology. This example has been 

used to highlight the application of a strategic and cultural based improvement project. 

Factors due to environmental changes and the relevance of communication and 

continuity should be monitored to achieve sustainability within lower level projects, as 

well as creating strategic direction for internal improvement analysis. This application 

example has allowed methodology justification by highlighting differing objectives and 

achievements that can be obtained through this versatile integrated methodology.

4.7 Chapter Summary

This chapter has discussed the initial use of the methodology within a top level 

improvement project. This case study example was created to ensure that the internal 

operational studies were continually monitored and that the initial objectives were met. 

In order for this methodology application to be completed, studies 2 and 3 need to be 

started and the methodology applied. This will provide the detail for this cultural 

change. Within the next two chapters these studies will be discussed and the 

methodology application will be demonstrated allowing the completion of case study 1.
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CHAPTER 5 I CASE STUDY 2

APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO 

IMPROVE THE SUPPLIER'S MANUFACTURING PROCESS

5.1 Chapter Introduction

This chapter uses the design methodology and applies the theory to a supplier of BAE 

Systems. This case study uses the proposed methodology and tailors the design to a 

production line to improve the internal processes with the ultimate aim of improving the 

efficiency of manufacturing processes to make the company more competitive.

5.2 Methodology Approach

As with the previous methodology application, the flow chart of the design methodology 

(figure 3.7 - 3.16, pages 89 to 118) is applied to Amphenol UK. This proposed 

methodology application investigates a production process at the end of the supplier's 

internal supply chain. It was felt that this methodology application would enable a third 

methodology application to follow the product through into the initial processes of the 

buyer's internal supply chain.

The goals and objectives were to meet the overall requirements outlined in the first 

methodology application (Chapter 4), which were;

• Better quality products

• Shorter lead-times

• Improved transit times

• Better designed products

• Reduce inventory

• Lower costs
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The aim of this study was to carry out a more detailed improvement project and so there 

were other specific objectives within this application. They were to investigate the 

production line, understand how the company planned to relocate this line to encourage 

process flow and to apply the methodology to improve the processes within this line. 

This was so that the production line would function more effectively by reducing the 

lead time and become more responsive to the customer demand.

5.3 Company Overview

The company used in this second application is referred to as the supplier, Amphenol 

UK Operations. The company background was given in Chapter 4.

5.4 Methodology Application 

5.4.1 Stage 1 - Project Alignment

»- C STAGE 1 -PROJECT ALIGNMENT ")

[ To investigate why the project is needed as well as the scope of the project. This stage shall identify who the customer is I 
and will create a well defined project plan I

f INPUT = THE PROJECT REQUIREMENTS ")
V —————————————————————————————————————————————————————————————— ' J

1

Figure 5.1: Stage 1 heading of the proposed methodology

Within this initial stage a basic knowledge of the company background was gathered and 
information of other business improvement programs that had previously been tried and 
tested was understood. The project requirements were to improve the manufacturing 

process within the supplier, in line with the buyer's requirements.

Previously to this project a presentation was made by the Managing Director (carried out 
in the first quarter of 2006) to the workforce to encourage business improvements, 

continuous improvements and change (appendix 5.1 - 5.10 (on CD)). The presentation 

spoke about the current positioning of the company globally as well as the product range 
that is manufactured. The presentation also highlighted the problems related to change,
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*
SECTION 1

* Why s the project needed?
- lind rsUnd I he proiccl reqmraiicnls ihrouiili S\\()l .uiuKsis 

• Why s the project required now?

• Who s the customer?
- I 'nd iM.md \\hoiliccustomcr is and their needs

1
Figure 5.2: Stage 1, Section I of the proposed methodology.

...."We have in the last 10 years tried almost every continuous improvements 
initiative going without any of them sticking. We had a dept dedicated to the 
subject." (appendix 5.6 (on CD))

The presentation also highlighted how concepts of lean thinking and process orientated 
flow have been applied and that "the results were stunning" (appendix 5.6 (on CD)). It 
was chosen by the company to roll out these ideas across the site.

These slides highlighted the need for business improvement initiatives within the 
company to gain competitive advantage amongst the company's competitors. It 
demonstrated how over previous years, a number of techniques and strategies have been 
applied without any sustaining. Recently, the company have initiated improvement 
programs centred around the concepts of lean thinking; however this now needs to be 
readdressed to understand how to achieve sustainability (appendix 5.9 (on CD)).

The presentation also mentioned issues related to the acceptance of change and 
improvement programs, it also discussed the issues related to employee resistance to 
change. These are again typical issues which are also assessed within the design 

methodology.

Further work from this had not been sustained and so it was felt that this was a typical 
manufacturing company and the methodology needed to be applied to this example. The 
company had initiated aspects of lean thinking and implemented line side stock; 
however, the concept was not discussed any further. This level of commitment of 
MBIM implementation is a typical example of lean implementation of a current
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practising manufacturing company. It was realised that the application of this 

methodology would enable such a company to assess their current situation and to 

instigate the process of continuous improvement. This methodology allows the 

company to create a pathway of improvement from a given roadmap, which will 

encourage the changes and allow continuous improvement initiatives, sustaining in a 

user friendly and simple flow chart format.

The information in (appendix 5.1 - 5.10 (on CD)) was used to create the SWOT 

analysis table (figure 5.3) to gain project definition and to understand which areas to 

target within the company. This SWOT analysis table was also created to confirm some 

thoughts on initial visits to the company. The weaknesses outlined in the main project 

objectives were set; this highlighted the first areas for improvement. These weaknesses 

would be improved through the methodology application. The strengths were created 

from the presentation given by the managing director. The opportunities for the 

company were to expand the business and this was established from meetings between 

the two companies initiating the change of this improvement program.

Strengths

• Leading edge manufacturer for 

connectors and inter-connector systems 

• High technology process lines

Opportunities

• To expand business with BAE Systems 

• To generate new products

Weaknesses

• OTD

• Product quality 

• Material and process flow

Threats

• Competitors 

• Losing the anticipated business 

• The influence the buyer has on the 

improvements made

Figure 5.3: The SWOT analysis ofAmphenol, UK

From the initial visits to the site and previous meetings prior to this project held, it was 

noted that the manufacturing assembly consists of three production groups that are 

independent. The company originally thought to integrate the management of these 

groups, however it was thought that it was physically unfeasible to merge the three
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production lines together due their differing nature in volume, process flow and 

requirement machinery. The aim of this project was to study one particular production 

line that produces some products for BAE Systems. The aim was to reduce product lead 

time and increase product quality as well as achieve better OTD.

It was seen that both companies were strategically aligning their goals to achieve similar 

outcomes. Both companies are assisting each other through communication to improve 

the assembly manufacture within Amphenol and to build a better supplier-buyer 

relationship. This is seen as an opportunity to improve the quality of the products as 

well as to improve the OTD, enabling the supplier to be more receptive to the customer's 

requirements.

1
SECTION II |

• What is the scope of the project?

- Understand the options and choices of 'the project 
- Look at the sustainabihl\ and appro pnabilily of" the project 

- Look at the options and palrma\s of the project 
- Ahyn the compam strategic goals uith the operational strategic goals 

• What will be the future state? 
[X:kTmirk ,) mission suicmenl jnd \ision 
(understand the future m.irkci share 

- Stud> the future by forecasting 

- Look into l\pical examples, build scenarios

1
Figure 5.4: Stage 1, Section II of the proposed methodology

It was thought that this specific project will assist with this relocation plan the company 

had already defined through introducing process improvements within the chosen 

production line. The project scope was to understand the production line and include 

this within the relocation project timescale including the project feasibility.

The sustainability of the project was a major concern; this was because of the limited 

timescale of this research project. However, as the structure of the methodology became 

more defined, it improved the project sustainability. Concurrent to the application of 

this methodology a re-layout of the production floor was being carried out. The 

employees were acceptable of change as all were aware of the layout relocation project; 

this made the acceptance of this process improvement project easier. The suitability of 

this project was dependent upon the suitability of the techniques; the approach of how to
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design and apply them was demonstrated through the integrated methodology. The 

selected production line was the '62 series' of connectors which is high volume and low 

variety production mix and so there were a number of business improvement 

opportunities due to the nature of the line. This particular line was chosen as this is the 

first to move within the relocation project and consisted of BAE products.

The aim of the company is to improve OTD, quality and achieve better process flow, 

which can be created by relocating the factory equipment. Justification of this layout 

will be through process improvements guided by the integrated methodology. It is 

thought that the expansion of the customer into other related fields will introduce further 

demand into the supplying company. This is an opportunity for them to expand their 

business; by improving the current system this will ensure that the production lines can 

withhold the extra capacity.

The operational goals of the company were aligned with the strategic goals, by 

investigating the production line and improving the current system in line to the 

customer demands to be more reactive to planned and forecasted business. The scope of 

this methodology application does not include initiating improvements within the 

company forecasting, due to the timeframe set.

The process improvement plan of this project (figure 4.2, page 126) fits into the scope 

of the relocation project plan defined by the company and it has been ensured that the 

measurement of progression is monitored through milestones and due dates. The effects 

of globalisation are not necessary, the company are a worldwide manufacturer but the 

main area of focus for this project is the UK plant.

I
SECTION III |

• When is the due date?

- Create a realistic proieel plan \\ilh small achic\ able yoals 

•>n ',M|! U- Mi<>mi<>u\l I In. -null nuK-Mtnv- ,in,l .luc J.tks 

• What are the tangible deliverables?

I nderuaiid Uie Cortex ol'tlK existing eri\ ironmenls

- Look at the effects of international and ylobahsaiion

- -\lso understand the \aluc chain outside ihc immediate operalmt: em ironmcnt 

- Create the planned outcome;, of each staye

i
Figure 5.5: Stage 1, Section III of the proposed methodology
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The value chain outside the immediate operating environment was assessed by 

analysing; (appendix 5.11 - 5.23 (on CD)). Appendix 5.11 - 5.23 (on CD) contains 

information about improvement work that has already been carried out by the company. 

VSM has been undertaken at the company and this was used to assess the immediate 

operating environment. This figure shows how improvements have been made within 

areas such as logistics; production and quality and current states have been benchmarked 

to enable true figures.

These slides gave the specifics of actual improvement projects; they identified problem 

areas and ways in which to improve these issues. Many advantages were gained from 

this exercise; mainly understanding that focusing on specific issues gave results rather 

than physically intervening and investing money.

This project aimed to roll out the exercise across many departments including external 

customers. These figures gave background knowledge on what continuous improvement 

projects had been previously tried and tested, as well as to understand how to further this 

work through this methodology application.

SECTION IV

* Has the project been approved?
ll'.ul* . |I K .1.1^ ,I,,,|,L

Inuilvc [liost alkxncd h\ UK pn'K 

tlKnd ,-iccordniylv 07 kvd Kkk I

YES

Figure 5.6: Stage 1, Section IV of the proposed methodology

The major stakeholders in this project are the management and all stakeholders were 

aware of the project; however those that were more directly affected by the changes 

were informed more on actual details through meetings. Those directly affected 

approved the project through carrying out questionnaires and surveys. All project ideas 

and determinates were agreed by Amphenol and it was thought that more information 

was not required at this stage of the application as the project was still being outlined 

and so feeding back into the methodology is not necessary.
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i
SECTION V

• What is the current state?
- Benchmark the current stale of the project specific supph chain for evaluation purposes 
- Create rough sketches of the information and material flow of the project in a technical currcni siaic through learning to sec mapping

- 1 Understand the current procedures and flow of the business

;
Figure 5.7: Stage 1, Section V of the proposed methodology

The supply chain of the assembly manufacture has been discussed with the company, 
due to the timescale and the previous research the decision was made by the company to 
only carry out the relocation plan of the assembly manufacture at this stage. This 
application was seen as the next level of mapping as it was a process improvement study 
within the production line. Rough sketches of the information and material flow of the 
current state (figure 5.8) were generated from the data given from previous mapping 
activities the company had carried out. Due to the small amount of data and information 
collected at this point in the application, the current state was benchmarked on the 
mapping that the company had carried out.

Figure 5.8 displays the current state map of the production line as seen by the company. 
Numeric data were not collected due to the small amount of data already obtained; 
however it enables an understanding of the production flow and created an initial 
baseline for improvement.

It was noticed that there are many processes that are in parallel and that further 
investigation was required to understand the process flow. The cultural current state was 
determined by defining the culture into four aspects, relationships to other people, 
attitude to the environment and to time, power and control and finally to innovation and 
learning. The cultural current state is defined below in figure 5.9, it was decided by the 
author to use the findings of Trompennaars and Hampden-Turner's to assist with the 
definition of the cultural current state.

The company was assessed with a holistic view across the company to highlight the 
employee relationships across the site. This current state culture was based on the 
author's view from brief initial visits.

144.



62 Series Current State Map Flow
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Figure 5.8: The current state flow of the '62 Series'
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Relationships to other 

people

There appears to be a good relationship between the 

management and the production line workers. The line 

seems to be very dependent upon the production line 

manager and so a lot of the decision making is made by the 

operators. The production line workers physically work 

independently; on operations throughout the production line. 

However they work as a team to produce the end product, by 

being multi skilled the team work together to meet deadlines.

Attitude to the 

environment and to time

The environment is sufficiently controlled but can also be 

adapted to new systems as the company appear to focus on 

the future plans. The company's instructions initiate from 

the top of the hierarchy and work down. The planned 

Material Requirements Planning (MRP) system is adapted to 

meet the customer's requirements; the company appear to be 

particularly busy at the end of each month trying to make the 

shipping requests, which highlights the need to be more 

responsive to change.

Power and control The company has many levels of hierarchy and recently these 

have been reduced within the manufacturing departments. 

Improvements are agreed by management and a budget set to 

improve the layout of the production department.

Innovation and learning It is believed that learning programs for individuals are 

existent; however it is thought that this facility is not used. A 

company social club is also present and again this is not 

used. The attitude to risk is dissimilar on different levels of 

the hierarchy scale; production workers generally oppose a 

change in the system as this could mean changing their 

lifestyle. However these people are very proactive regarding 

the data collection program. It is thought that management 

are agreeing to the change.

Figure 5.9: The cultural current state at Amphenol
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Figures 5.8 and 5.9 created the benchmark for the current state of the site allowing a 

baseline to measure improvements upon.

i
SECTION VI

UNDERSTAND THE FEEDBACK AND COMMUNICATION

Figure 5.10: Stage 1, Section VI of the proposed methodology

At this initial stage of the methodology the feedback and communication key was not 

used in full detail. All of the necessary guidelines were met within the stage and the 

progression was discussed with the stakeholders and so no changes were made to the 
project definition. It was thought that due to the early progression of the project, 

unfreezing the current culture was a little premature within the application, all 
stakeholders were notified of the ideas and cultural issues had not arisen due to the 

insufficient involvement with the production line to date.

YES

NO

OUTPUT = AN UNDERSTANDING OF THE CURRENT STATE FLOW

NO Are the answers sufficient 
can the output be created?

Figure 5.11: Stage 1 output of the proposed methodology

The output created from this stage can be seen in figures 5.8 and figure 5.9 and so 
further information was not required as the answers were sufficient. Therefore it was 

acceptable to move onto the application of Stage 2.
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5.4.2 Stage 2 - Planning the Measurements

r ———————————————————————————————— — .A
( STAGE 2 - PLANNING THE MEASUREMENTS J

| To understand the full implications of the data necessary and how they will be obtained. To plan the key metncs required for | 
1 the project, discussing how these measurements are required and the use of these metrics 1

( INPUT = AN UNDERSTANDING OF THE CURRENT STATE FLOW ") 
i^V ———————————————————————————————————————————————————————————————————————————— t J

Figure 5.12: Stage 2 heading of the proposed methodology

With the current state flow defined in Stage 1 the definition of the measurements that are 
to be created are defined in Stage 2. The operational (figure 5.8) and cultural (figure 
5.9) current state information will be used as the input for Stage 2.

The improvements within the company at the time of this project were referred to as the 
'relocation layout'. The initial production line being relocated was the '62 series' of the 
product variety, this line shared some equipment with another line but the process flows 
were dissimilar and so it was thought the two lines would not be amalgamated. The 
current state flow produced in Stage 1 is that of the '62 series' production line. It was 
thought that in order to complete the technical current state, detailed information was 
required to gain knowledge of lead times, inventory quantities, and activity times to give 
a true interpretation of the actual current state.

i
SECTION I

What are the key metrics for this project?
- Idcnlif) die l\pc ol data required uith the departments

- Idcntif\ the actual data to complete the technical current slate map
- liukuk inrormnUon llo\\ throuvili .inJ in-hcl\M.'cn ilcp.mmcnl^

Figure 5. 13: Stage 2, Section I of the proposed methodology.

Due to the project scale the decision was made that the key metrics required were to be 
production process level specific and metrics involving departmental level or plant level 
were not required. The following three sections were used as a checklist to define the 
particular areas that were applicable to the project.
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SECTION II

What initial detailed metrics are required according to business improvement methodologies?
Klailitv UK pmJiKi Jcm.iiKl > ,m;ihilih 
Irnesligale the market need fur the product

- Take a snapshot of the processes

- Collect cycle / process limes (acliv il> limes)
- Collect daia on change o\cr limes and sci up limes
- Understand machine a\ailahilit\

- Look al batch quantiiies
- Look al the imcnion. le\cls
- Undcrsiand the in formation flou - ihc orders

- Look al die s\ stem schedule

- See the shipments to and from the s\ stem
- Understand ihc use of computers in the ^ slcm & ihc paper flow
- Undcrsiand Ihe relationship of the support siaff lo produclion
- L ook al ihe mo\ cmcni of operators, processes & product

Figure 5. 14: Stage 2, Section II of the proposed methodology

This first section was to define the extent of the application of the operational analysis 

methods for this study; figure 5.15 displays the table created to decide the suitability of 

the techniques for the project. Justifications for these ideas were made at the point of 

application. From the table it was concluded that the use of detailed metrics were 

required in order to meet the project specification. Areas that were not required were 

holistic techniques that were to determine metrics outside of the production line.

- Identify the product demand variability.

- Investigate the market need for the product

- Benchmark the current culture.

- Take a snapshot of the processes.

- Create surveys and opinions.

- Study the quality of the process.

- Collect cycle / process times (activity times)

- Collect data on change over times and set up times.

- Understand machine availability.

- Look at the yields not just the first time yield.

- Look at the percentage of rework in all departments.

- Look at batch quantities.
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- Look at the inventory levels.

- Understand the information flow - the orders.

- Study delay periods - the flow of work between departments.

- Look at the system schedule.

- Understand the product variety.

- See the shipments to and from the system.

- Understand the use of computers in the system and the paper flow.

- Understand the relationship of the support staff to production.

- Look at the movement of operators, processes and product.

Figure 5. 15: The checklist of the applicability of the initial detailed metric requirements

SECTION 111

What further metrics are required according to business improvement methodologies on reflection of that planned abo\t?

Idcnlih the point of differentiation

- Look at placing the decoupling pom! unrest to the cuslomei as possibL 

Inxesligatc in suitable methodologies into standardising products 

Sindv the standardisation of the product

- Research into the departmental flo\\

>ok at llic materials supplied

- know the s-uppliei base 
Look at lead-time requirements

- Make measurements through the S( OR mclhodologv (drill doun i

- Look al the distribution of products

Im.Miij.ik llmniyh lh«. p^opk invoh,,! . ihL stakeholder!, 

Do.miiLui MK ciirn.nl Mak ,nlli,a through ,-lassiri L ;i(ion

- Look at the associated costs- the costs of change.

- Create risk anal> sis reports for change

- Document am changes to the plan

- Adapt the main project plan b\ drilling down and c\pandnm

Figure 5. 16: Stage 2, Section III of the proposed methodology

This section aimed to clarify any further measurements that are required upon reflection 

of the previous section, figure 5.17 displays the table created from and shows the 

measurements that were applicable to this project.

It was planned that all detailed measurements were required, however due to the project 

scale, understanding departmental flow was not necessary along with theories designed 

to understand the distribution of the products. The risk and cost associated with this
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project were minimal as the planned changes were to be made with the existing system, 

but with a better process, product and operator flow.

This final section was created to understand the holistic metrics required for the project. 

It was expected that many aspects would not be applicable as the main objective of this 

particular project was to improve within a production line, investigating the process flow 

for improvement within the lead time, inventory quantities and quality.

- Identify the point of differentiation.

- Look at placing the decoupling point nearest to the customer as possible.

- Investigate in suitable methodologies into standardising products.

- Study the standardisation of the product.

- Study the quality of the support - paper and computer systems.

- Research into the departmental flow.

- Understand the quality of the flow.

- Look at the materials supplied.

- Carry out statistical process control measurements where necessary.

- Know the supplier base.

- Look at lead-time requirements.

- Make measurements through the SCOR methodology (drill down)

- Look at the distribution of products.

- Investigate through the people involved - the Stakeholders.

- Document the current state culture through classification.

- Look at the associated costs- the costs of change.

- Create risk analysis reports for change.

- Document any changes to the plan.

- Adapt the main project plan by drilling down and expanding.

Figure 5. 17: The checklist of the applicability of the further detailed metric

requirements
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i
What holistic metrics are required according to business impnncmenl methmlologie!
- ( reale a reymieiilcd )lan to collect Ik pl.inneil mc.ismemciiK

.Ic ideas into all duu.lmem iml nisi spculu.ilh ml., hodml,,.,,

- Look at dclneMiiy a

• Investigate (he organ

agile s\ stem across the tkp.irliii

sation slruclurc

- L'ndcisland the supp er logistics

- Slud\ I he relationship between ik IMIMIKSS .itul the piodu

- Refer hack lo Ihc project plan

- Reassess the lime scale

Figure 5. 18: Stage 2, Section IV of the proposed methodology

Figure 5.19 displays the decisions made on the applicability of the holistic metrics that 

would be suitable for this project.

- Create a regimented plan to collect the planned measurements.

- Adapt the lean and agile ideas into all departments not just specifically 

into production.

- Look at achieving a leagile system across the departments in the supply 

chain not just in sub groups.

- Understand how change is affecting the culture.

- Investigate the organisation structure

- Continually involve the stakeholders.

- Understand the supplier logistics.

- Study the relationship between the business and the product suppliers.

- Refer back to the project plan.

- Reassess the time scale.

Figure 5. 19: The checklist of the applicability of the holistic metric requirements

All aspects concerning departmental data collection were not applicable as the project 
specification was to improve the finalising areas within the supplier, not across the 
company. It was felt that a detailed data collection plan would not be necessary as the 
project scope was minimal and a large comprehensive data collection plan would impede 
upon the progression of the project. As the project was investigating a production, the
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need for investigating the organisation structure was also too great a task for a project of 

this scale.

Other aspects such as 'understanding supplier logistics' and 'studying the relationship 

between the business and the product suppliers' were not within the scope of the project 

assuming that the 'supplier' was the process upstream from the production line being 

investigated. In the case of this project, the process upstream would be the main stores 

area supplying the material to the line. Initiative within the main stores area could be 

carried out but not within this project scope.

For this project, the data were initially collected through questionnaires; appendix 5.26 

(on CD) gives a general overall questionnaire given to the management as well as the 

results to gain background knowledge to initiate the application. However the main 

questionnaire carried out by the production line team is exhibited in appendix 5.27 (on 

CD). It was only possible to measure the value added to non value added activity 

through the processes once all of the data were collected.

i
SECTION V

. Are the metrics valid and reliable?

- Measure the material \ aluc added to non \ alue added acti\ it> through the processes

- I ndcrsland the processes of UK project lo fitll\ understand ulnth impro\cmcni techniques ma\bi; applicable in the anahsc stage 

• Is there adequate data on this project?

< 'IU( IncdalaiiMii.. .1' . . 

I),nk ink. Ik

YES

Figure 5.20: Stage 2, Section V of the proposed methodology

The decision was made to ask the team to carry out the completion of the questionnaire 

instead of the author collecting the data, to eliminate detailed analysis of each process 

and product flow. The questionnaire was used because the data required were not easily 

collectable, as the systems were not in place to collect the type of information that was 

required. It was thought that the time taken to collate this information might possibly
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take longer than to collect the information manually through the questionnaires and 

observations. This method created a degree of trust within the team, as when the data 

were gathered, it was noticed that this method allowed a wider scope of data collection 

and that the method was easily accepted, amongst the employees. It was also thought 

that it would be more beneficial to have slightly less specific information, in return for 

data with greater variation and randomness.

This survey also allowed for comments from each team member, it allowed each 

member to anonymously discuss issues or concerns within the processes, products, tools 

and machinery. Generally the results were very informative, however it highlighted that 

there were issues related to the availability of the coding machine. The availability of 

the coding machine was particularly limited and the process had to be scheduled around 

it's availability as it was shared with other production lines. Other issues were related to 

jig changes for ease of use. The survey also highlighted the culture within the team and 

concerns were raised as required by part of the questionnaire. It was noticed that the 

same issues were raised in the final sections of the survey and that after the initial 

completion these sections were left blank on the survey.

It was found that is was harder to clarify the production process from the survey and so 

the decision was made to observe the processes as well, by working within the team it 

helped to clarify the numeric data collected. This helped to understand the production 

processes but also to observe the tools and equipment that were used as well as any 

issues that may have arisen.

It was thought that as the project scale was small this manual method of data collection 

was preferred as it was less time consuming. It was a respective method that did not rely 

on other people to analyse the previous information or collect it. It was thought that as a 

method of precaution the product would be tagged as well to confirm and verify the 

information collected manually.
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SECTION VI
i

• What resources maybe require*! for data collection?
- Stud) the scale of (he project
- Understand the innings

- Expand the proieet pi .in in greater detail to understand resource requirements throughout the recording data stage
• Do the resources need training?

SECTION VII
I

• Ha»e all company rules and regulations been adhered to (unions)?

Figure 5.21: Stage 2, Sections VI and VII of the proposed methodology

The people that carry out the processes were needed for answering the questions and 
observations, however meeting times and data collection were verbally agreed with the 
team due to the project scale. It was decided that other resources were not required for 
data collection as the resources needed were the people within the team. It was the 
knowledge of the team that was required, therefore, assessment of the skills and whether 
the resources needed training were not applicable, likewise understanding company rules 
and regulations were not applicable to this project as there were minimal resources.

i
SECTION VIII UNDERSTAND THE FEEDBACK AND COMMUNICATION

Figure 5.22: Stage 2, Section VIII of the proposed methodology

Here the feedback and communication key was used, all of the necessary guidelines 
were met and reasons were given to the extent of the application for this project. The 
measurements that were planned to be collected within this stage are in line with the 
project requirements and so no changes were made. The project progression was 
verified against the original project plan (figure 4.5, page 128) and according to the 
plan; this project was to be in the second month. This project was still within these 

requirements.

At this stage, no further contact was made with other people from the company as the 
design of the project was still being defined, due to this, there were no changes in the 
current state culture. Unfreezing the culture was not necessary as the project was not
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clearly defined and so it was difficult to work on changing a system when the definition 

of this system was not clear.

The magnitude and scale of acceptance was considered when creating the surveys and 

questionnaires, these were created in a user friendly format for ease of use and so that a 

high percentage would be completed. The thoughts and emotions of the employees 

including the measurements of the perception of change was planned to be monitored 

through the use of the observations and surveys. All of the reactive guidelines suggested 

in this key would be considered once the data had been collected.

No further information was required as all of the applicable guidelines were fulfilled and 

the feedback and communication key had been considered. From this, all of the answers 

created in Stage 2 were sufficient and so the output of a structured data collection plan 
was created.

YES

OUTPUT = A STRUCTURED DATA COLLECTION PLAN

NO

Figure 5.23: Stage 2 output of the proposed methodology

This data collection plan can be seen in figure 5.24. The surveys created were the main 

source of data collection. This method relied upon the operators to complete the surveys 

so there was an element of trust with them to complete them accurately and it was 
thought that this method would gain acceptance. A more accurate method of data 

collection would be for the author to time the processes individually, however the 
reception given by the team would be more hostile and the project and author acceptance 

would be less successful. It was felt that data collection by the operators through 

surveys would build employee trust and that the accuracy was sufficient.
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Figure 5.24 highlights the project plan and also demonstrates the focus carried out with 

the data collection process. The lighter shaded area shows the overall general time 

dedicated to the data collection process. The darker shaded area within shows the 

specific times dedicated to each task.

To justify the data collected through surveys, less structure methods were used to collect 

data through observations. Observations were carried out to understand a number of 

areas;

• The process

• The process flows

• The material supply

• The operator skills

• The team culture

• The production scheduling system

• The team leader involvement

• To justify the core data collected in the surveys

5.4.3 Stage 3 - Recording the Information and Defining the Current State

L_
T

>
STAGE 3 - RECORDING THE INFORMATION ^ 

(Defining the Current State) )

I To understand the full implications of the data necessary and how they will be obtained. To plan the key metrics required for |

^
the project, discussing how these measurements are required and the use of these metrics 1

(
INPUT = A STRUCTURED DATA COLLECTION PLAN ~\ 

—————————————————————————————————————————————————————————————————————— J

X

Figure 5. 25: Stage 3 heading of the proposed methodology

The plan created in Stage 2 (figure 5.24) was used to conduct the recording of the data 

collection.

i
SECTION I

C ARR\ 01 T THE DAT \ C Ol LECTION - RECORD All OF THE INFORMATION KK)\ IRED

Figure 5. 26: Stage 3, Section I of the proposed methodology
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Prior to working with the team directly involved, a survey was created for the 
management to enable an understanding of the process without involving the operational 
team members (appendix 5.26 (on CD)). This was to ensure a basic understanding of 
technical and information flow of the system. The results from this highlighted not only 
the complex structure of the production line but also demonstrated the possible reaction 
of the members involved in the production process. Queries regarding the previous 
improvement initiatives were also answered, including information about worksheets, 
production aids and materials ordering systems. This included answers to the timeframe 
and the presentations that were given by management. Cultural issues were also 
mentioned with regard to direct employee perception and employee incentive schemes.

I
SECTION II

• Benchmark the technical current state
- Take ihc dala of the current slale flou and add all ol the technical dala 
- Complete the technical current stale map 
- Document other dala through a process acln ih map \\ilh all process produci and opcralor flow including Ihc \ alue added and non \ alue 
added acti\it> 
- ( ompile a dalahase ' spreadsheet ol further mlormalion of notes and (.ommenis. lor anaK bis 

• Benchmark the current state culture

1
Figure 5. 27: Stage 3, Section II of the proposed methodology

As defined previously, it was decided to work with the team and collect the information 
through surveys and observations. All of the data were collected over the timescale 
planned and this information can be seen in appendix 5.28 (on CD). The most effective 
method was through the operator surveys, this allowed the data to be collected over a 
longer period without the need for micro managing the process. The trust was placed 
with the operator which resulted in successful data collection. This method also enabled 
many calculations for one operation but with different operators and different variants of 
the product, which would give a truer interpretation of the operation. This methodical 
system also meant that the data collection process was self sufficient, however would 
have not been as possible without co-operative of the team members. The information 

collected from this questionnaire to date can be seen in appendix 5.28 (on CD).
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From all of the further information that was collected, the current state mapping adjusted 
and a true current state map of the process was created. It was discovered that the initial 
current state map (figure 5.8, page 145) was not a true interpretation; this map was 
based upon the physical and documented product flow and not based upon the process 
flow. Figure 5.28 displays the process orientated current state map. This information 
was then validated by observing the team and asking further questions when observing 
the individual operations.

As the questionnaires were issued prior to the observation, the team members were 
aware of the type of information that was required and that judgements were not made 
about the individual team member but about the operation. All observation data were 
collected and written in a log book which assisted in the understanding of the processes.

Some observation data were written up as PAMs and stored electronically, however it 
was decided that this was very time consuming and as long as the information collected 
in the surveys was verified, it was unnecessary to process all of the observation data. 
The observation data that were written were analysed and the two following examples of 
the processes (figures 5.29 and 5.30) of the production line highlight this information

Figure 5.29 displays one operation completed but with one set of data (therefore without 
variation) which was the 'Coding' operation. It became apparent that although the 
process are seen as independent by the company, the 'Coding', 'Oven Cure' and 'Air 
Cure' operations were seen as one operation through mapping techniques. The figure 
shows the PAM that was created for this operation and how the value added and non 
value added activity was assessed. This information is represented graphically (figure 
5.29). General notes were also mentioned as well as possible simple process 
improvements. It was thought that all the information gathered about an operation 
would be processed in a similar manner so that all of the information gathered would be 
easily visible. The same information is held for the 'Staking' operation and this can be 
seen in figure 5.30.
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GENERIC ROUTING
SCHEDULED DATE

DATE
Degreasing

vQ, x 1 B = 47
C/T 
S/T
Avail
Relia
Op No

0.39
4.5
480

100%
Misc

Air Cure
Min C/T I 10

»>
1.36
Davs

Op No | Misc

Banding

£>, x 1 B - 47
C/T
S/T
Avail
Relia
Op No

3.12
3.64
480

100%
Misc

Oven Cure

v.Q/ x 1 B - 47
C/T
S/T
Avail
Relia
Op No

23.68
0

480
100%
Misc

Air Cure
Min C/T

• */]

20

!\.^
0.60
Days

Op No Misc

Coding

vQ, x 1 B = 47
C/T
S/T
Avail
Relia
Op No

3.00
8.64
480

Misc

Oven Cure

vO, x 1 B - 47
cn
S/T
Avail
Relia
Op No

20.33
0

480
100%
Misc

Air Cure
MinC/T

• "/j

20

L\^
1.75
Days

Op No MiSC

Bayonet Pin

•Q, x 1 B = 47
C/T
S/T
Avail
Relia
Op No

480
100%
Misc

••A<
1.14
Days

>

Pull Test

(Q, X 1 B - 47
C/T 
S/T
Avail
Relia
Op No

480
100%
Misc

3.053 Days 1.357 Days 0.602 Days

0.0065 Hours 0.052 Hours 0.394667 Hours 0.050017 Hours 0.338833 Hours

1.75 Days 1.136 Days

0 Hours 0 Hours

1

••A*
Days

0 Davs

Staking

vQ, x1
C/T 
S/T
Avail
Relia
Op No

0.0261167

B = 47
1.57
4.79
480

100%
Misc

Hours

• m/i\^
^ —— ̂

0.48
Days 

0.479 Days

Potting

£>, x 1 B-47
C/T 
S/T
Avail
Relia
Op No

0.016467

0.99
1.5
480

100%
Misc

Hours

Air Cure
Min C/T | 10

' •/I\^'
^ ———— ̂

0.46
Days

Op No | Misc

0.456 Days

Fit Grounding Spring

<& x 1 B-47
C/T 
S/T
Avail
Relia
Op No

1.00
3.33
480

100%
Misc

0.03
Days

Assembly

vQ- x 1 B-47
C/T
S/T
Avail
Relia
Op No

3.80
3.23
480

100%
Misc

0.031 Days

0.016667 Hours 0.063367 Hours

••A*^ — -^
1.70
Days 

1 .696 Days

Bagging

v-Q, x 1 B-47
C/T
S/T
Avail
Relia
Op No

0

-
480

100%
Misc

Hours

••A*
9.25
Days

9.25 Days

>

Shipping

B-47

DUE DATE

1 O Q Davs Production 
1 Sll> Leadtime

1 .0 Hours Activity Time

13.1 Days Late

0.609% % of Value Added

Figure 5. 28: The current state map after some data has been collected
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Coding
Step

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

: 21
22

23

24

25

Description

STOCK

Collect from shelf

Look up item number to get the code
Adjust the Jig for the Product

Number doesn't exsist on the printer 
selection need to look the drawing up
Put the coding description into the 
computer system
Download code

Place the ring on the jig

Print the code

Check the code is correct

Check the alighnment of the code
Alter the alignment on the jig

Check the alignment on the coding 
again
Place the ring on the jig

Print the code on the ring

Place the ring on the tray

Repeat steps 14, 15 & 16 for another 
1 4 rings
Walk the tray to the oven

Place the rings in the oven

Rings are in the oven (Oven Cure)

STOCK

Take the rings out of the oven and leave 
to cool (Air Cure)
STOCK

Put to shelf

STOCK

Time 
(Mins)

5.00

0.08

0.25

4.00

6.00

1.00

0.08

0.08

0.08

0.08

' 0.17

0.08

0.08

0.08

0.08

2.00

1.00

0.08

20.00

20.00

20.00

20.00

87.00

Distance 
(Paces)

6

20

7

WIP

500

15

50

15

100

15

0

Batch 
Quantity

15

50

15

50

15

0

Notes

Pre-banded products from India

Sometimes left longer if the 
batch is bigger - Brass ring have 
to be 20 mins exactly

Already in the oven

Already cooling

On shelf

Symbol

•>

T
D
D
D

0

O
0
O
I
1
D

1

O
O
O
O
T
O

D

D

T

Procedure 
Breakdown

WIP

Set-Up

Coding
Operation

Oven Cure

WIP

Air Cure

WIP

Time 
Breakdown

16.92

3 T3

20

20

TOTAL 60.25 33 665 60.25

Symbol

Storage
Transportation

Delay
Operation
Inspection

Total

Time

127.00

6.00

44.50

9.50

0.25

60.25

Coding, Oven Cure & Air Cure

Operation
5%

Delay XA \ 
24% / \ \

Inspection 
0%

Storage 
68%

Improvement Notes
- To have a faster computer
- Drawings aren't always easy to find
- it is assumed that a new coding machine is being 

bought for the lire.

General Notes
- Previous process is Banding
- Sometimes they are bought in from India and so 

they do not need Banding.
- Process after is Baynot Pinning if required
- If not the process after is Skating

Figure 5. 29: The coding, oven cure and air cure processes analysed after observation
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Staking
Step

1

2
___

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Description

STOCK

Collect from shelf 

Collect other materials for the job

Check for special requirements

Put the required tooling into the 
machine
"ake the inserts from the packaging

Take the seals from the packaging

rake the stake rings from the 
packaging
Dip the seal into the methalated spirit

Put the seal into the connector

D lace the connector on the tray

Repeat steps 9, 1 0 & 11 for another 82 
rings
Degrease the socket

Put the socket in the machine

Locate the strip on the socket in the 
machine
_ocate the main keyway on the 
connector & place on socket
Check the air pressure on the machine

Arrange the tooling

Push the socket within the connector

Remove the connector

Pressure test the connector

Check that the socket does not fall out 
of the connector
Remove the connector

Walk the connector to the shadow 
graph machine
Check the alignment

Walk back

Place the connector on the tray

Repeat steps 13, 14, 15, 16, 19, 20 & 
27 for another 82 rings
Put to shelf

STOCK

Time 
(Mins)

3.00
___—

0.08

1.00

0.33

0.33

0.33

0.02

0.08

0.02
r^a57~

0.02

0.08
r^O25~

0.08

0.08

' 0.03

0.08

0.08

0.08

0.03

0.08

0.05

2.00

0.05

0.08

56.03

87.00

Distance 
(Paces)

10
___............

3

10

10

10

WIP

1000

83

83

99

Batch 
Quantity

83

83

33

Notes

Tiere is a iineside stcok that 
withholds the staking rings, 
seals & inserts

Certain air pressure for different 
size rings

On shelf

Symbol

_J __

T

1
D
D
D
D

|O_
LjoZ

o
o
o
o
0

o
1
D
O
O

1
1

O
T

1
T
D
O
T

Procedure 
Breakdown

WIP

Set-Up

Staking 
Operation

WIP

Time 
Breakdown

20.87

56.03

Symbol

Transportation

Delay

Operation
Inspection

Total

Time

87.00

6.03

2.12

66.40

2.28

76.83

Staking

hspection
1%

Storage
53%

Improvement Notes
- The new tooling could be improved - the old machine 

is better
- Could make the tooling better for shell plug size 11 - 

is too long and part of the jig has to be remold.

TOTAL 76.90 46 1235 76.90

General Notes
- Previous process is Coding / Baynet Pinning
- Process after is Fitting the Contacts (Pre - Potting)

Figure 5. 30: The staking process analysed after observation.
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The level of detail that was required within the PAM was unnecessary because it was too 
specific for a large production line producing a number of different products. The 
processes varied depending upon the product type, the batch quantity, the customer 
requirements and the skill of the operator. It was decided that as long as these specific 
limits of the variation were noted it was sufficient to proceed.

Other data that were collected from the observation, was the flow of the process (figure 
5.31), product (figure 5.32) and operator (figure 5.33). This enabled the creation of the 
spaghetti diagram to monitor this movement and act as a benchmark for future changes.

Figure 5. 31: The spaghetti diagram of the process flow.

164.



Figure 5. 32: The spaghetti diagram of the product flow.

Figure 5. 33: The spaghetti diagram of the operator flow.
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It can be seen how there are marginal differences between the three diagrams. What the 

diagrams do highlight is that the movement of the process, product and operator flow are 

unorganised around the cell.

Within this section the current state culture was determined, by scaling the questions in 

figure 5.34 and classifying the relevancy of the statements to the current state culture. 

Figure 5.34 displays this information and shows the company culture classification. 

This information was created mainly from surveys that the operators used to record 

process information and when making observations.

This table generally highlighted that the team operating this production line were within 

tight operational contracts due to customer requirements. The team were very group 

orientated and work well with the team leader. The operators also communicated 

amongst each other creating a more relaxed working environment. Furthermore, past 

achievement and record keeping were very important attributes of the operating 

environment.

With regard to the environment, the production was very linear and the team were solely 

concerned about this particular line; this was the company culture as a whole. It was 

thought that the company cultural environment needed to be considered as one entity 

instead of a number of production lines.

Current State Culture Definition

•t&M

Agree = 

Disagree

1 2 3

= 5 

= 1

4 5

- Relationships to Other People

- Rules versus relationships - The organisation uses 

tight contracts when engaged in business

- There is not only one right way; the person should act 

in a way that fits the particular requirement

- Group versus the individual - it would be expected 

that several people would attend meetings and make 

group decisions
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- Single decision makers are common and decision are 

made quickly

- Lack of emotion versus show of emotion - it is 

considered uncultured to show emotion

- Specific relationships versus diffuse relationships - 

Are relationships defined to fit a specific context

- All aspects of a relationship are discussed and 

intertwined

- Organisational status is according to past record 

achievement

- Organisational status is satisfied through ascription

- Attitude to the Environment and to Time
- The environment can be controlled and exploited

- The environment is something that can be adapted too

- The organisational focus is on the future and making 

future plans

- The organisation places importance on the history and 

the past

- Time is seen as a linear, sequence of events

- Time is seen as circular, linking the past, present and 

future

- The immediate future is achievable through personal 

effort

- Long term is not as achievable, as too many things can 

happen

- Individual - Organisational Relationships
- Individuals can come together in an organisation 

because it furthers their own ambitions

- Individuals have little loyalty to the organisation

- The organisation instructions initiate from the top and 

work down

- The role of every individual is well defined

- Members have come together due to shared values or

N/

s/
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goals 

- Power and Control
- The organisation has several levels of hierarchy and 

relies on a committee for decision making 

- The Organisation focuses on successfully completing 

well defined projects / tasks 

- Influence is based on expert power and is widely 

dispersed 

- Innovation and Learning

- The managers are experts in their organisations limited 

area of operation 

- Management tend not to search outside their current 

areas for new equipment 

- The company narrowly defines the market segments 

- The organisation continually searches the market 

opportunities 

- Regularly experiments with responses to 

environmental trends 

- Attitude to Risk 

- The organisation operators through the use of 

formalised structures and processes 

- Management are reluctant to change 

- Management only react when they are forced to do so

N/

<y

-s/

•y

>/

S/

>/

N/

•y

^

•y
v-

Figure 5. 34: The current state culture classification

Within the site there appeared to be little self ambition within the operations department, 

but essentially these team members were the most functional employees of the company. 

Due to the production line cultural environment, the members remained loyal to the team 

and the operation of the production line, as well as the team leader. Within this 

environment, direction is given from the top downwards and every individual has a 

defined role.
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With regard to power and control at the top level, the organisation has many levels of 
hierarchy and relies on a committee to make decisions. Within the production line, the 
control is with the team leader who is liked and respected within the team; hence the 
team operates successfully together.

Innovation and learning was considered across the company as it was hard to define 
classification to these statements at production line level. Innovation at production line 
level is non existent, however learning happens daily to acquire new skills, but this is 
only with new employees. Those individuals that have greater skills tend to stay with 
one or two processes and carry out the same operations and processes daily.

I
SECTION 111

• Create a simulation model of the current state
- Create the icons in the factor. la\oul \ieu

- Insert parts into the model

- Create the routings around the model

- Introduce labour icons

- Create a shift pattern

- VcnlX ihc model

- Validate ihc model accordingly to the real s>slem
• State the model results

1
Figure 5. 35: Stage 3, Section HI of the proposed methodology

It was decided to produce a current state simulation model to highlight immediate 
bottlenecks and to identify the need for greater availability of the coding machine. The 
icons and attributes were created within the software program and the model layout was 
created to represent the actual system. Figure 5.36 displays the model view; it also 
highlights the process flow and the products entering storage around the production line.

The decision was made to produce a rough interpretation of the actual system to justify 
the need of a new coding machine, as this was an issue highlighted by the team 
operators. A model of this standard allowed the justification to be made without 
consuming too much time and to highlight the major bottlenecks.
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Figure 5. 36: The screen of the simulation model

From the data the products were grouped into five variant types; these were grouped 

according to similarly process flows. These product types were colour coded to enable 

the visibility around the model and for highlighting variation in product routing. Due to 

the vast amounts of data collected, the decision was made to create distributions for the 

process cycle time and batch quantities depending upon the product type and routing. 

To simplify the model further the model machine cycle times (operation times) were a 

multiplication of varying the product type cycle time against the varying batch size and 

this information was referenced in the spreadsheet is shown in appendix 5.29 (on CD).

Labour was introduced and defined by setting up the individual skills used depending 

upon the operator and the process, this allowed the model to utilise the labour fully. It 

also allowed the simulation model to measure and investigates the labour capacity 

around the production line. Shift patterns were also introduced to allow the labour to 

operate within a normal working week but to also allow for overtime. Shift patterns also 

allowed the labour to operate according to the differing shift patterns per individual,
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some team members did regular overtime. All of the data gathered for this model 

creation can be seen in appendix 5.29 (on CD).

The model was verified and validated through comparison to the real system including 

the tagging of parts from the survey data, as well as calculating the Work In Process 

(WIP) through the system with regard to lead times. The model met these requirements 

and the simulation results were in line with the actual times recorded in the survey 

available for the analysis in Stage 4.

The data collected through the surveys appeared to be the best and simplest method of 

data collection. It was decided that whilst the information was being documented, the 

period for the survey completion could be extended, to ensure that a true understanding 

of the production was gathered as well as better sampling to produce the variation of the 

process times. It was thought no further information was required at this stage.

As previously mentioned, the data were verified for accuracy through different 

techniques, however they were mainly verified through surveys and observation of the 

production line processes, operations, system scheduling and discussion. A product was 

also tagged to justify the overall lead time.

i
SECTION IV

• Has all of the data been collated?
- Is there am other data required''
- Assess what further data would be needed
- Having seen the process create a list of other measurement requirements.
- ( 'ndcrstand oilier hiKine^ mipro\enienl techniques ilial uould aid UK change and add ihe measurement requirements to ihe lisi

- Plan how the data u ill be collected.
- Feed back into to the methodology.

• Is all of the data correct and reliable?

Mciisui'i. (lit. loutmy ol product UirougJi lagging
- Colled the data mamialK il necc^nrx

YES

NO

Figure 5. 37: Stage 3, Section IV of the proposed methodology
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*
1 —————————— 1 UNDERSTAND THE FEEDBACK AND COMMUNICATION

*

Figure 5. 38: Stage 3, Section V of the proposed methodology

All of the guidelines that were necessary were applied and justified. The data collection 

stage actually involved participation from the stakeholders and so communication was 

carried out throughout the team. This did not create any problems or delays within the 

project and remained true to the project brief and time scale. What was also observed 

whilst carrying out the data collection was the level of project acceptance. As time 

continued and data were still being collected, the culture was changing and the 

willingness to help increased.

No further data were required and the stage was completed. Figure 5.28 (page 161) 

displayed the current state map with the numeric data and demonstrated that production 

lead time was on average 19.8 days whilst the average activity time was only 1 hour. 

The results also highlighted that in some cases the products were up to thirteen days late, 

this confirmed ideas highlighted in the SWOT analysis table, figure 5.3 (page 140).

YES

NO

OUTPUT = THE BENCHMARKED OVERALL CURRENT STATE

Are the answers sufficient, 
can the output be created?

Figure 5. 39: Stage 3 output of the proposed methodology

The current state model operated in line with the actual system and highlighted that the 

coding machine was the main bottleneck in the system, this would then allow the system 

to be tested and analysed in Stage 4. The current state culture was benchmarked (figure 

5.34, page 168) this allowed measurement against subsequent states and thus concluded 

the application of Stage 3.
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5.4.4 Stage 4 - Analysing the Technical Data and Defining the Technical Future 

State

— *•

I
STAGE 4 - ANALYSING THE TECHNICAL DATA (Defining the Technical Future State) y

I To look at the quality, material and information now, operator now, process flow, the layout, structures of hierarchy, delay j 
1 periods, departmental relationships through the supply chain, including the ratio of support to manual staff 1

c INPUT = THE BENCHMARKED OVERALL CURRENT STATE

I

-).

Figure 5. 40: Stage 4 heading of the proposed methodology

The benchmarked overall current state was highlighted in figure 5.28 (page 161) 5.34 

(page 168) and extensively discussed in Section 5.4.3. This information was used and 

analysed with this stage.

________i________
SECTION I

Analyse the detailed technical current state data through micro mapping concepts at department le\el.
•\nal\sc ihc need lor the produci and ihc demand 

imroduic a diiuHiplmg point ifinxessan 

Standardise the s\ sicm prc\ lous 10 this point
- Siud) ihc \alue added and non-\aluc added flo\\ including the flow of the product process and operator

- Create continuous flou \\hcrc appropriate

- Reduce ihc batch quantit) 
RcduiA UK iinciiton lod-

- Reduce the sei up and change o\cr limes
- Introduce kanban and supermarket pull s> slems
- Re-schcdulc Ihc process to pull the products ihrough the s> stem 

Bc\ond I IK dixouplum point mod tin. tuslomci demands " itli a more agile nattiri

- Analyse the s> stem availabilin for the specific chosen product / product famil)

- AnaKsc the information flow
- Increase shipments 10 and from the s> slcm

- Anal) sc the paper flo\\ and support lo the s> slcm

- Stud> the results of the required work

- Target initial areas
- Create a list of impro\emcnts thai arc harder loachic\c - kai/cn impro\cmcnts

- AnaKsc these improvements to create mdixidual projects

Figure 5. 41: Stage 4, Section I of the proposed methodology
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i.
SECTION ll[ 

• Analyse the holistic technical data.
- Annl>sc each department loircaic the improvement of the supplv chain
- Rc-asscss issues such as (he flow, qualih tunes ele llirougli ihc s\slcm to reduce the distortion of integrating subgroups
- Ana!\se ihc suppliers ol materials
- Understand the supplier base ;md look lo reduce
- Improve ihc supplicr-buver relationship
- Ana)\ se (he data lor possible integration cither v erticalh or hon/onialh
- Understand the relationship ofll
- Ma> be restruelurc the s>sleni lo
- Also include transportation logis
- Ma\ be introduce the concept of

logistics with the product life cvclc 
11 prove the logistics

dual \\archousing

NOAre other sub departments 
required to be analysed?

Does the methodology need 
to be used in a sub project?

Figure 5. 42: Stage 4, Section II of the proposed methodology

When working through the methodology application it was discovered that further 
information was required with regard to analysing the details within the production line. 
Information such as the customer demand was not gathered as well as the sharing of 
other resources other than the coding machine. It was decided that by carrying out these 
sections in the methodology that more holistic data were required. It was decided that 
the feedback loop and feedback into Stage 3 would be used in order to determine what 
further information was required to enable the completion of Stage 4.

5.4.5 Stage 3 - Recording the Information and Defining the Current State
This stage was used to re-evaluate the data that were required in order to analyse the 
case study. To determine the specifics of this information, the feedback loop was used 
to move from Stage 4 and feed back into Stage 3 to determine what data are actually 
required.

It was decided that further information was required; these were in the form of questions 
to establish how this information would be gathered. The other information that was 
required was;
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SECTION IV
i

Has all of the data been collated?
- Is there an\ oilier data required' 1
- Assess what further data would be needed
- Having seen the process create a list of other measurement requirements. 

I ndLrsljmi Hi IK i IMI Miles'. impnM i UK ill kvlniK|iK^ 111 .11 uoukl ;ud I)K cli.mge .llld add MIL- n]L-;Miiai]UII icqiiiK'inuiK In lilt liM
- Plan how the data will be collected
- Feed back into to the methodology 
It all of the data correct and reliable?

\IC.IMIII UK i.mlmr ,>l (m.diui lliii'iiHi Lummy

- ( olivet the dalu m.liHinll> il nncwir>

YES

Figure 5. 43: Stage 3, Section IV of the proposed methodology

Customer demand
• For all of the products and for the BAE products define the percentage

split of the line. 

Customer deliveries
• How frequent are the deliveries from the production line?
• Does the line build in batches?
• What are the batches to the customer? 

Supplier deliveries
• How frequently are parts pushed onto the system?

• What are the batch sizes?
• How are the supplied to the line?

• Does the line build in batches? 

Information flow data
• The estimated time given to produce the products?
• How often orders are required from the customer? 

WIP on the shop floor
• Need to calculate the WIP at each production station for the mapping

purposes. 

OTD information
• How are the products fed off the production line?
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• What are the time scales?

• What is the OTD to the customer?

• Sharing of equipment

• What is the availability of the coding system?

• Are the ovens are shared?

• What is the percentage of the time usage?

• Material availability

• Is the material there when required?

• Operators

• What is the total number of operators?

• How are their skills shared among the production line?

• What are the dedicated shift patterns?

• Is the over time and when?

It was decided that the data collection process to obtain this information would be less 
formal. The information required is to enable the current state analysis to begin as well 
as to develop the current state simulation model. It was established that the information 
could be collected from the production line leader, the team members or the computer 
system.

i
SECTION V | UNDERSTAND THE FEEDBACK AND COMMUNICATION

Figure 5. 44: Stage 3, Section V of the proposed methodology

This stage was demonstrating a feedback loop and so the completion of this section was 
unnecessary as it was already addressed previously.
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YES

NO

OUTPUT = THE BENCHMARKED OVERALL CURRENT STATE

NO Are the answers sufficient, 
can the output be created?

5)

Figure 5. 45: Stage 3 output of the proposed methodology

The current state was still the same as that in figures 5.28 (page 161) and 5.34 (page 
168), however, further information was required. The specification as to what was 
required was determined including how it was to be collected. The actions now needed 
were to actually record the information and so the application was fed back into the 
beginning of Stage 3.

5.4.6 Stage 3 - Recording the Information and Defining the Current State
X-

C
f

>
STAGE 3 - RECORDING THE INFORMATION "N 

(Defining the Current State) J

| To undo

(

island the full implications of the data necessary and how they will be obtained. To plan the key metrics required for I 
the project, discussing how these measurements are required and the use of these metrics 1

INPUT = A STRUCTURED DATA COLLECTION PLAN ^ 
—————————————————————————————————————————————————————————— — ——————— ' J

1

Figure 5. 46: Stage 3 heading of the proposed methodology

In this instance, the data collection plan was less formal and so the data were planned to 

be collected through informal meetings and discussions.

"SECTION i [~
i

CARRY OUT THE DATA COLLECTION - RECORD ALL OF THE INFORMATION REQUIRED.——————————————————J 

Figure 5. 47: Stage 3, Section I of the proposed methodology
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Further information was collected over a session of visits which entailed speaking to the 

team leader, the team members and gathering numeric data whether from the computer 

system or observation. Within this period of time, the company had made some 

changes; the company had restructured the production line to a straight line production 

line.

The previous information still remained the same, however the 'Grounding Springs' 

assembly has moved further upstream due to financial reasons. This was the most costly 

process, as by moving the operation upstream to the customer meant that any quality 

errors would be noticed prior to the operation, therefore scrapping the product earlier. 

Not only did this mean allowing any quality issues to be resolved earlier, but also that 

prior to this operation, all products are standardised.

The WIP for the production remains the same; however the new racking system is more 

visual being directly behind the production line, with the most urgent work being at the 

top of the rack and other work on the middle or bottom shelf depending upon the due 

date. This enabled the team leader to allow the other teams members to understand the 

priority of work, therefore taking the scheduling pressure away from the team leader 

allowing the production line to self manage.

1
SECTION 11

• Benchmark the technical current state

- Take the daia of ihe current stale flow and add all of the technical data 

- Complete the technical current slalc map 
- Document other data through a process actn it\ map w ith all process, product and operator flow including the \ aluc added and non \ aluc 

added actu U\ 

- < onipile .1 database • spreadsheet of further information of notes and comments lor anal\ sis 

* Benchmark the current state culture

1

Figure 5. 48: Stage 3, Section II of the proposed methodology.

New information was gathered; figure 5.49 displays the new routing of the current state 

map taking into consideration the new layout. To give a more accurate interpretation of 

the system more data were collected on the OTD (see appendix 5.30 (on CD)). This 

information allowed the OTD of the cell to be assessed.
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It was felt that the data recorded on the OTD was misinterpreted as the production line 

collected data on the OTD, which on average was found to be thirteen days late. This 

information included the bagging process, which it was thought should have been seen 

as a separate process to the production line. The bagging department bagged all of the 

products on site and were not just dedicated to one production line. By reanalysing this 

information, it was found that the production lead time, without the bagging department 

considered, would be reduced by 55% to only 8.87 days late. This meant that the true 

OTD of the cell was 94%, as the team could complete a work order within the allotted 5 

days.

The production quantity was also researched as this would broaden the understanding of 

the customer demand and how the team meet this demand. Appendix 5.31 (on CD) 

displays this information. It was discovered that the team on average complete twenty- 

one work orders per shift, with an average of forty-five connectors per work order. This 

totalled that the team per shift produced on average 945 connectors per day.

Other information that was gathered was regarding the WIP inventory around the newly 

relocated line (appendix 5.32 (on CD)). This information displayed that at one point in 

time 3009 connectors were currently in the system, which totalled to just over 3 days 

inventory. From further information gathered, it was seen that the numeric data of the 

current state map were marginally different. The production lead time was previously 

based on the lead time of a work order and the activity time was based on the 

assumption of per connector. So, from revaluating the line, it was apparent that the 

production lead time equalled 10.55 days (eliminating the bagging process from the 

map). However, the average activity time per work order was 5.115 hours. The average 

number of days late was reduced to 8.87 days, so the percentage of value added time 

(based on an 8 hour day) was 6.1 % which was not ideal, but was an improvement and 

more realistic than previously determined. Figure 5.49 displays the updated current 

state map.
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GENERIC ROUTING
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Figure 5. 49: The updated current state map
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From the data collected a list of the production line specifics were created. The 
technical current state of the production line is that;

• There are 7 operators for 9 operations

• Most operators work beyond the core hours

• out of 7 operators worked weekends

• The operators are quite highly skilled within the line and are multi skilled so 
it would be easy to train all team members for all operations

• The products generally follow 5 different routing throughout the system

• There are many mixed models within the production line

• Customer demand is of a high volume

• Product quality is high within the production line. Quality issues are supplier 
related, and this is due to uncompleted plating from other on site company 
operations

• The production line is within a straight line arrangement

• The production line is highly dependant on the team leader for cell 
organisation and scheduling

• The production line is scheduled by due date

• The production line is allowed 5 working days lead time per product. This is 
met on average 94% of the time; however the real figure is lower due to 

external quality reasons

The current state culture remained the same as that created in figure 5.34 (page 168); 
this was due to the positive attitude of the team members. This cell was seen as the 

example of success that the other lines would follow.

The current state simulation model was reassessed to ensure that the further data 

collected were used within the model to create greater accuracy. As the production line 
had changed its layout in the time frame, the icons within the model were laid out in the 
same structure as the production line, however not to scale. Figure 5.51 displays the 

simulation model screen view.
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1
SECTION III

• Create a simulation model of the current state
- Creole Ihe icons in the factors la\oul siess 
- Insert parts into ihe model 
• Create die routings around the model 
• Introduce labour icons 
- Create a shift pattern 
- Venf\ the model 
• Validate the model accordingly lo ihe real SA sicm 
- State the model results

1

Figure 5. 50: Stage 3, Section III of the proposed methodology

The parts were designed as before and entered into the model; the model has five 
routings which are defined by the parts and were represented by differing colours in the 
model. Each part had an inter arrival time of (24 x 60) = 1440 minutes everyday, this 
was to ensure that each routing type had a number of parts arriving everyday. The 
model was designed so that the parts operated on a normal shift pattern without any over 
time. The lot sizes of the parts arriving to the simulation were determined by the 
number of actual work orders arriving to the cell and the part routing type. In the 
simulation model each part has a 'Name' attribute to act parts are pushed onto the real 
system.

The routings around the model can be seen in appendix 5.33 (on CD). All routing 
passed through the same first four processes: Degreasing, Banding, Oven Cure and Air 
Cure. From this point, all the routings are different through the line depending upon the 
product type. The process routings could be categorised in to five flows around the 
simulation model. For ease of use, the model was simplified by using this categorisation 
to reduce logic complexity within the model. This production line is also a mixture of 
high volume and high variation with the same production process. The most complex 
logic is centred on the oven process due to variations in the routings; this was 
accomplished by using the 'NameNo' attribute. Products were pushed around the 
system depending on the process it had just completed and the type of routing that the 
part was assigned too. Some buffers had delay periods; the buffer after the oven 
operation had a 20 minute delay to allow the parts to cool. The buffers after the 
degreasing, staking and potting operations had a 10 minute air cure delay. The model 
was designed so that the oven could hold 5 work orders worth of inventory at any one
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time to highlight the multi use of the oven in the production line with many shelves and 
trays.

Figure 5. 51: The simulation model screen of the current state

The labour was the main function in the simulation model; the processes would only be 
carried out if the appropriate labour was there to operate the process. This enabled full 
visualisation on the capacity of the labour and the model machines, which could not be 
tested using any other techniques. In the system there were seven operators, operating a 
nine process system. The system was set up so that there were two team members who 
were skilled to operate all processes of the production line; one team member was able 
to work on the production line from degreasing down to staking and could also 
undertake the assembly process. Another two team members could work within the 
staking process and sequent downstream processes. The last two team members were 
new to the production line and were only able to work within the assembly processes.
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Shift patterns were created to assign the labour to different shifts depending on the time 

that they worked. Furthermore, the parts and the processes had to be assigned shift 

patterns to give a true interpretation of the production line. Three different types of shifts 

were created; there is one shift for a normal working week with core hours between Sam 

and 4pm; however the production line work was generally between 6am and 5pm, 

enabling the team to meet the customer demand. The model assumed that there were 

rest periods for lunch and two 10 min breaks in the morning and afternoon and at peak 

times three team members work at the weekends. There are also designated shift 

patterns for the coding machine due to the limited availability of the machine. The 

model operates by assigning the machines to the labour and so seven operators are 

shared between nine production processes and so to cover the set up the labour was then 

assigned to the different shift patterns. The batch sizes of the work orders varied 

through distributions and were only used in the cycle times of the machines (production 

processes). All machine cycle times were varied by multiplying by the 'Batchsize' 

variable and all products regardless of their routing were moved through the booking 

system and onto bagging.

The system was verified whilst the model was being built. All routings were built one at 

time and the routings were verified by slowing the processes down, through colour, 

cycle counts within buffers and by changing certain factors to ensure the model was 

correct (see appendix 5.34 (on CD)). The model was also verified by using the 

reporting system within the software (see appendix 5.35 (on CD)).

The model was then validated against the real system WIP. A snapshot picture at this 

level of WIP was confirmed in the model, as well as the WIP levels recorded by the 

production team (see appendix 5.36 (on CD))

The simulation worked accordingly to the real system. After running the model with a 

warm up period and then a true production year, the model highlighted that the main 

bottlenecks were the banding and coding. Inventory previous to the banding operations 

was 601 products and before the coding operation the inventory quantity was 394. The 

highest utilised machine was the coding machine at 99.7% and the banding machine was 

also highly utilised at 96.7%, however the majority of the time (63.2%) was awaiting
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labour. The highest utilised labour was ToStakingAndAss' at 98.9%, whilst the oven 

operation had one of the lowest utilisations at 2.85%. From these results it was noted 

that the following action had to be taken, which was to increase the banding operation, 

however it was felt that by increasing the operation, the bottleneck would just move 

further downstream. The model therefore required analysing in Stage 4.

More general results were also highlighted, the model showed that it was very complex 

to organise seven operators between nine operations, due to the different routings and 

skills. As most of the team members were skilled of the downstream processes, the 

largest bottleneck was at the front of the production line. The upstream processes where 

the bottle neck was the greatest is around banding and coding, this is where the 

operations are also machine reliant. For the coding machine only having 50% 

availability is a large constraint on the system. The only concern was that if the 

bottleneck operations were relieved the bottlenecks would occur around the staking, 

potting and assembly processes because the cycle times are slightly longer than the 

upstream processes.

i
SECTION IV |

• Has all of the data been collated?
- Is there an> other data required''
- Assess what further data would be needed
- Having seen the process create a list of other measurement requirements.
- I ndersiand oilier business improvement let him] no ihat mm Id aid tlic change and add the measurement requirements to the list

- Plan how the data will be collected.

- Feed back into to the methodology

• Is all of the data correct and reliable?

Mer-tsiiK itu rouliiiL. ol product through laugin^- 

( nllcct the data m.'innaiK ifnccessar.

YES

Figure 5. 52: Stage 3, Section IV of the proposed methodology

All of the data that have been collected have been used within the PAMs, the VSM and 

the simulation models. It was thought that no further information would be required as 

the information was best analysed and the system transformed.
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SECTION V
i

UNDERSTAND THE FEEDBACK AND COMMUNICATION

Figure 5. 53: Stage 3, Section IV of the proposed methodology

The production line team and team leader were very accommodating and the data were 

easily collocated, again the information was collected manually through observations 

and meetings. However, this time the data collection process was more informal due to 

the familiarity and the understanding of the project requirements. All guidelines were 

completed, in some cases very detailed.

YES

OUTPUT = THE BENCHMARKED OVERALL CURRENT STATE

NO Are the answers sufficient, 
can the output be created?

YES

Figure 5. 54: Stage 3 output of the proposed methodology

No further information was required and the necessary outcomes were achieved, 

allowing the application to move onto Stage 4.

5.4.7 Stage 4 - Analysing the Technical Data and Defining the Technical Future 

State

— >•

. ———————— I ———————— .
C STAGE 4 - ANALYSING THE TECHNICAL DATA (Defining the Technical Future State) J

f To look at the quality, material and information flow, operator flow, process flow, the layout, structures of hierarchy, delay j 
1 periods, departmental relationships through the supply chain, including the ratio of support to manual staff. 1

C INPUT = THE BENCHMARKED OVERALL CURRENT STATE )

v ———————————————————————————————— , ——————————————————————————————— '

•^ —

Figure 5. 55: Stage 4 heading of the proposed methodology
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The newly benchmarked current state was mapped in figure 5.49 (page 180), the 
cultural classification remained the same as that in figure 5.34 (page 168) and the 
simulation model had been thoroughly validated. As second data collection took place, 
there was a great urgency to ensure that all of the information that was required for the 
analysis was obtained and this stage allows for this to take place.

I
SEC TION 1

• Analyse Ihe detailed technical current state data through micro mapping concept* »t depart men 1 level.
\iuK-a I!K Mud loi [hi |ir.>iliKl .mil ilk dun.iml 

liiltoJiki ,1 dcLOupline pouil il ncxessjrv 
- Standardise (he s\ stem previous to this point 

- Studv the value added and non-value added flow including the flow of ihc product process and operator 
- Create continuous flovs where appropriate 

- Reduce the batch quantity

- Reduce the set up and change oscr times 

- Introduce k an ban and supermarket pull sv stems 
- Rc-schcdule the process to pull the products through the system

- Analvse the svslem availabihlv for the specific chosen product / product familv 
- Analvse Ihc information flow 
- Increase sh pmcnts to and from the s> stem 
- Analvse the paper flow and support to the svslcin

i . A II lIlL ,-Ml^ -I r..(V.-U

- Stud\ the results of the required work

- Target initial areas 
- Create a list of improvements that arc harder to achieve - kai/cn improvements 
- Analvse these improvements to create individual projects

|

Figure 5. 56: Stage 4, Section I of the proposed methodology

The data collected on the customer demand of the production line across all products can 
be seen in appendix 5.31 (on CD). On average, the customer demand is 2\ work orders 
a day, which equates to an average of 945 connectors.

It is thought that the production line was standardised with regard to process flow and 
product routing, although there is a small routing variation, this really is negligible with 
regard to the product volume. The better improvement would be to rearrange the 
product and operator flow through the standardised production process and allow the 
production line manage itself with pull systems and more efficient line side stock. 
Standardising the system prior to this point would work within the existing standardised 
physical production procedure. The product flow would have small variation due to the 
existing product routing, however the process improvement would be mainly within the 

operator flow.
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The value added and non valued added flow was studied within the VSM and can be 

seen in figure 5.49 (page 180), this was created from the survey and observation data. 
The flow of the product around the production was discussed in Section 5.4.3 and can be 
seen in figures 5.31 (page 164), 5.32 (page 165) and 5.33 (page 165). This data 
collected confirmed that the process improvement would be best within the product and 
operator flow. There is little improvement to be made within the process flow and 
organisation as the company had undergone a relocation improvement plan, however, 
there remains room for improvement within the product and operator flow.

The takt time had been calculated for both a normal working week without any over 
time and a working week with some work on Saturdays (calculated from previous data 
appendix 5.31 (on CD)).

Takt Time 

(Normal working week)

Available work time / shift 

Customer demand rate / shift 

Sam till 4pm minus breaks per shift

21 w/o per shift 

(8x60) - (30+10+10) minutes per shift

21 w/o per shift 

430 minutes per shift

21 w/o per shift 

20.5 minutes a w/o is to be completed

Takt Time 

(Working week with overtime)

Available work time / shift 

Customer demand rate / shift 

6am till 5pm minus breaks per shift

25 w/o per shift 

(5x60) - (30+10+10) minutes per shift

25 w/o per shift 

610 minutes per shift

25 w/o per shift 

24.4 minutes a w/o is to be completed
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The cell already works directly to shipping onto the bagging process; however the 

bagging lead-time could be studied. The bagging process on average 9.25 days, which 

in turns equates to 46.7% of the whole overall production lead-time.

Eliminating bagging from the loop, the production lead-time = 19.8 - 9.25 = 10.55 days. 

The average number of hours activity time per w/o = 5.115 hrs. Currently with bagging 

included in the production line the % of value added;

= (5.115/60) x 100% = 0.08525 x 100% = 0.4287 % 
(5.115/60)+19.8 19.88525

0.4% of value added activity within the overall lead-time. With bagging not included in 

the production line the percentage of value added;

= (5.115/60) x 100% = 0.08525 x 100% = 0.8016 % 
(5.115/60)+10.55 10.63525

0.8% of value added activity; therefore there is still room for improvement.

In this case study, the production line has a high volume as well as high variety, it is 

thought that the production line could work on a continuous loop with little WIP apart 

from air cure times and cooling from the oven. First In First Out (FIFO) lanes can be 

used here. As the team members are highly skilled amongst the line and the training for 

the production line is inexpensive and not particularly time consuming, it was thought 
that the product can be produced with very little operator variation, if at all any. The 

line would be one continuous system with the operator following the product from the 

beginning to the end of the production line. The variations of size and consequently 

time would need to be considered to allow the products to flow easily down the 

production line, but this should not be much of an issue as the variation in cycle times of 

the individual connectors is minimal if non existent. The main consideration would have 

to be the splitting of batches, to reduce the batch size to a more average figure (ideally 

down to one). The routings, even though it is hard to analyse through this mapping 
method have been examined, the percentage of the products that flow through the
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process had been noted on the map, this information had then been used to analyse the 

continuous flow and the FIFO lanes through the line.

It was found in the data collection process that a number of customer's products are 

placed into one batch if the requirements are the same, thus also increasing the batch 

size. This project will reduce the batch size down to a more level loaded figure to 

reduce variation. Reducing this to zero to introduce one piece flow would be too 

unrealistic. Air curing times after degreasing and potting is a minimum of ten minutes, 

if we assume that on average it takes one minute at any point within the production line 

to manufacture a connector, we can assume a batch size of ten to compensate this drying 

time. This will then balance the line almost evenly along the process. This allows 

immediate flexibility to the customer and also levels the demand to the supplier, 

therefore keeping the cost of inventory to a minimum.

It is felt that some of the non valued activity could be reduced to zero; air cure times are 

part of the process and therefore are necessary. However in some processes where the 

items are air cured, the rest of the batch could be worked on whilst the items are drying. 

The batch size on the production line varies significantly as well as the item type. It was 

felt that this production line can be a continual pull system from start to finish as this is 

due to highly skilled staff, the ability to train staff easily, as well as a fast moving 

production line including the high standard of the product produced by the line. Team 

members can use their skills to be able to move through the system automatically and 

FIFO lanes are only necessary in this system (air cure times after the oven process).

All tooling that is required is close to the operation. However there are set up and 

change over times, they have been reduced to the minimum and do not affect the output 

of the line. This reduction of setup and changeover times could be a future improvement 

project; this is a lower priority. It is thought that a continuous system could be put in 

place as the cell quality is 94%, so that when the customer requires the product it will 

move through the production line when needed. A supermarket pull system will work at 

the beginning and end of the production line to allow safety stock and resolve issues 

elsewhere around the production line as an interim measure. This improvement will 

cause the finished goods supermarket to fluctuate, however the WIP and inventory store 

will level, causing less demand fluctuation to the suppliers.
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With regard to rescheduling the process and pulling, it is possible to pull the products 
through the system, using the straight production line, with minimal WIP.

As the system is to be considered as a continuous pull system, the production line will be 
scheduled at the most upstream process, which is degreasing. The pacemaker process 
will be degreasing as the production line. When the product is required, the signal will 
be sent to degreasing, the product will move non stop with the operator until the final 
process is complete. The production line is relying on skilled staff to move with the 
product down the production line. Utilising the production line capacity is the key to 
scheduling the system.

The line has been evenly balanced to incorporate the different labour skills as well as the 
batch size; the amount of labour at any given point in the production line has also been 
balanced accordingly to these requirements. The system will be one continual pulled 
loop, what is required by the customer is produced and can be completed in just over \ l/2 
hours including oven cure and air cure times within FIFO lanes. For the interim, it will 
be decided by the materials handler to level the products at the pacemaker process 
because the percentage split of the product variety is known.

When the system availability was analysed, it was found that the coding machine is 
shared within another production line and so the studied production line has an 
availability of 50% of the working time. This was been seen as the greatest bottleneck 
within the team and the simulation models also clarify this. An independent coding 
machine would be required to enable an improvement in the production flow.

The information flow around the system is scheduled through the company's scheduling 
system. The indication to the production line that work is required is from a 
combination of either when the materials appear from the stores or when the production 
schedules the requirement and the material is located. The production line team leader 
then schedules the line from the due date requirement, which is also a new system that 
has been put in place since the relocation. The older system allowed the production line 
to have 5 days to manufacture the item. The relocation project introduced the new 
racking system to identify the more urgent products. Material from stores is placed on a
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set of shelves at the beginning of the production line. When a team member walks past 

the shelves, the material is placed on the new racking system in order of urgency.

Shipments from the system are booked out of the production line as soon as the product 

is complete; however products then sitting within the bagging area and those products 

that are to be exported are held for specific shipment dates.

The system could be improved by moving the products straight from stores to the 

production line; however it then means that the people in stores have to be aware of 

which products are for what production line. Better still, the materials could be placed 

from the dock to the shop floor, eliminating the stores transactions completely. 

Shipments are made immediately from the cell however, there has to be consideration of 

exported products. The pitch, the increment of work released to the system has been 

calculated and as the production line produces directly to shipping the pitch time is 

actually zero, so in this case the pitch at which the work is released to the production line 

is according to the takt time. This is the responsibility of the material handler.

When analysing the information flow and support to the system, it was found that work 

orders are a paper system support the products within the production line. This allowed 

the team members to identify the stage of production, as there are other facets around 

information flow which are not scoped within this investigation. Further project work 

could include investigating the information around the production line. It is possible to 

initiate the work from triggering the consumption of finished goods; however this is 

dependent upon the planning system and the specific limits set around this. This 

investigation is also beyond the scope of this project.

The quality was studied within the production line (see appendix 5.28 (on CD)). It was 

found that the quality within the production cell is very close to 100%. The quality 

within the production cell is sufficient enough to implement process improvement tools 

and it is thought that improvements within the product flow and operator flow would 

have a greater impact on improving the lead time of the cell. There are many quality 

issues that are imposed upon the production line, these issues are mainly related to the 

plating of the components from the in house machine shop. The quality within the cell 

is to a high standard there would be greater gain by improving the flow of the product
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and operator. Improvements would include better scheduling within the cell, as this 

would make the cell is less reliant on the team leader. As the quality of the production 

line is of a high standard, it was discovered that the main reason for rejection came from 

the plating of the shells from the on site machine shop, but this problem is only noticed 

on the production line, it was therefore decided that it would be better to inspect the 

quality at the plating processes.

Occasionally products are sent back to the company from the customers; however this is 

not the fault of the production cell but is usually due to the manufacture of the 

components and is therefore a problem for the company's supplier.

The results of the investigation show that the main area of improvement is the flow of 

the product through the cell. This can be achieved by not only regulating the flow of the 

work throughout the cell by reducing the fluctuation of the arrival of products and 

levelling the demand, but also through the availability of the machinery. The 

organisation of the labour, introducing training of the whole assembly line to all team 

members would create flexibility within the cell by producing a skills matrix. This will 

allow the labour to move with the product, having a complete pull system throughout the 

cell and will relieve any WIP within the cell, reducing the lead time further.

Initial areas to target would be to train the staff over the whole production line as much 

as possible to enable process standardisation. As quality within the cell is high, the set 

up times and change over times are low and so these are seen as insignificant to the rest 

of the system. The materials handler will have the responsibility for scheduling the 

system daily and so this may require training and understanding of the new system. To 

ensure the levelling of the cell, 100% availability of the coding machine would be 

required and batch sizes would also need to be reduced again to level the production line 

better.

The production is one of three lines and so further initial projects would be to expand 

these ideas vertically through the company production lines, and integrate both the 

internal and external supply chain. This would include focusing on the customer 

demand but also understanding the supplier limitations. This project has involved 

investigating a small production line within a supplying company. The supplier to this
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production line is the main stores of the company and the customer is the bagging and 
dispatching processes. All of these areas would benefit from improvements, especially 
along the same guidelines and methodology presented in this project in order for this 
project to succeed overall.
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Figure 5. 57: Stage 4, Section II of the proposed methodology

With regard to creating improvements throughout the supply chain, the main focus in 
this study is the production line; another project could be to follow the products through 
to the customer production line. Reassessing issues such as the flow, quality and times 
through the system to reduce the distortion of integrated subgroups is a large task that is 
not required for this small project, an improvement can be made without working 
through the supply chain in this instance. Within another project, the supply chain could 
be assessed and the first initial stages could be to use the same theory and techniques 
through the company's supply chain and to understand the enterprise issues.

The supplier of the material in this case is the main stores on site, the system has been 
designed so that there are supermarket buffers before the production line to allow for 
flexibility between the push and pull systems. However, the methodology suggests the 
external material suppliers and this is out of the scope of this project. This first case 
study for this research work is to understand the supplier-buyer relationship and so this 
has been carried out externally to this case study application. This first case study
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application is measuring the relationship by initiating further projects to improve within 
both companies. The other guidelines in this methodology are to generate work within 
the departments of the company which is outside the scope of this project.

"SECTION ill ]~
• Analyse the technical current state through different management ideas.

- Create nsk and cosi anal) sis documentation
- Look at the cosls and risks associated \\ilh restructuring ihc s\slem due Lo ihc ph> steal changes
- Crcalc improved strategics
- Create nc\\ \\ork and organisational breakdown slruciurcs—————f—————

Figure 5. 58: Stage 4, Section III of the proposed methodology

Cost implications are minimal as the company are realigning the production area to 
improve the product and process flow throughout the site. This project is aimed to assist 
the production line through process improvements by assessing the product and operator 
flow. The results found from the theory need to be analysed further and justified before 
implications of cost are considered in detail. This project involves training the staff in 
all processes as well as to the new system; however the percentage of productivity can 
be increased by 102% of value added.

"SECTION iv \~
• Is the technical current state as good as the process can do?

- Understand where the current state can improve.
•ih ik-.lnlin-olkL

- Feedback into the mclhodo)og>

YES

Figure 5. 59: Stage 4, Section IV of the proposed methodology

Simulation modelling was used to analyse the current system, from these results 
(appendix 5.36 (on CD)) it was highlighted that by increasing the banding, the 
bottleneck moved onto the coding operation. The buffer before the coding process held 
554 products which was 57% of the total of the WIP in the model. The coding
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utilisation was also 98.98% so it was working at its highest capacity. The highest 

utilisation for the labour was "ToStakingAndAss" which is the labour that operates the 

coding process; the results also highlighted the start of a bottleneck at the staking 

operation.

It was decided that the coding machine limitations were to be removed and so the coding 

machine would have unlimited availability. This indicated the need for a dedicated 

machine and highlights the thoughts of the team. The overall results were (appendix 

5.37 (on CD));

• The cell output increased from 978 to 1025 products and so this was an 

increase of 4.8%

• The coding bottleneck had moved to the staking operation

• The staking operation results are that the simulation machine representing the 

operation is 100% busy, however 65% of this time the simulation machine 

has to wait for assigned labour

• The labour for the staking process, which used the "Everything" and 

"SteakingDown" employees in the simulation model, the utilisation was 70% 

and 81.7% respectively

From these results, it was decided that it would be cheaper for the company to introduce 

another staking operation as there is the potential for up to four staking operations. 

Another staking process was introduced into the line but with the same amount of 

labour. The results were that (see appendix 5.38 (on CD));

• The overall output increased a further 16.8% from 1025 to 1197

• The bottleneck had now moved further downstream and was now before the 

potting and assembly processes

• The utilisation of the assembly process was that the process was actually 

busy 99.9% of the time, however again there was a large amount of time 

(66/6%) that the machine was waiting for labour

• The potting process had similar figures, 99.8% of the time the process was 

busy but 69.2% of the time the process was awaiting labour
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• For the labour that operated these operations, "Everything" and 
"StakingDown" the percentage of utilisation was 95% and 97% respectively

Again from these results it was seen that the bottleneck was the availability of the 
operation, not the labour. The third analysis looked at increasing the assembly and 
potting operations from one operation station to two. The detailed results can be seen in 
appendix 5.39 (on CD), the overall results were;

• The overall output increased further by 27.3% from 1197 to 1524.
• So the overall output across all of the analysis had increased by 55.8% from 

978 to 1524.

• In this case there were not any bottlenecks; however the overall labour 
utilisation was high.

Everything = 95.5%
New = 66.8%
StakingDown = 95.5%
ToStakingAndAss = 98.2%

The cell met the requirements of the customer, however the utilisation was high. This 
required the output to be lower and the utilisation thus reducing.

From analysis of the current state using simulation modelling, the production could 
remain in the same environment with the same method of manufacture, on a normal shift 
pattern with the same scheduling system, with a dedicated coding machine, two staking 
operations, two potting processes and two assembly processes, with the same amount 
labour and same skills. However, with this system, there is little capacity to increase the 
workload to the system. With future business the system does not have any greater 
flexibility to meet customer requirements with a shorter lead time, even though greater 
output has been achieved.

The changes that have been used to transform the technical future state map are heavily 
reliant upon reorganising how the system operates through adding the process quantities
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and reorganising the labouring schedule to suit this, as well as to schedule material to 
and from the system. This requires the team to be trained within all production 
processes, so that the operator can move with the product. The improvements also 
require the system to reduce the batch size to ten. No further information was required 
and the technical future state map could be produced.

I
CKt'Alt INI- IFOINK \L Fl T( RF SI\Ih

Figure 5. 60: Stage 4, Section V of the proposed methodology

Figure 5.62 highlights the technical future state map.

i
SECTION VI

• What arc (he significant technical changes?

- Highlight the reduced lead-time and the reduced ration of process lead-time to process acti\it> time

- Shou hou the material and information llovs has improve, to reduce associated costs, reduce the associated space, has effected the leac

I
Figure 5. 61: Stage 4, Section VI of the proposed methodology

It can been seen from figure 5.62 that if a system such as this is created, the overall lead 
time has been significantly reduced from 10.6 days down to 4.2 days. This has increased 
the value added percentage figure from 2% to 44%, this is a 22 times increase or 2200%. 
It can be seen that the activity time has also reduced from just over 5 hours to just less 
than 1 hour; however this is mainly due to the reduction in batch size to compensate for 
the air cure times. Initially, the batch size was 47 with an activity time of 5.1 hours 
which was reduced to a batch size of 10 with an activity time of 57.2 minutes.
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Figure 5. 62: The technical future state map
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Quality issues have not been raised in the project, for previously explained reasons. 

There are quality issues surrounding the production which can be initiated in further 

projects and further research.

The material flow through the system will greatly improve as well as the material flow 

to and from the system. The information flow still has room for improvement, however 

there are many external forces that effect the information flow and so initiating change 

within the information flow including the production schedule, the ERP and MRP 

system would require further project work and research, which in turn will effect other 

production lines and processes that are yet to be studied and improved.

SECTION VII

• Is the data validated are the sources reliable?

YES

Figure 5. 63: Stage 4, Section VII of the proposed methodology

All information that was required was collected previously and the sources of data 

collection were assessed at that point in the application process.

________i________
SECTION VIII UNDERSTAND THE FEEDBACK AND COMMUNICATION
——————————————————J—————————————————— 

Figure 5. 64: Stage 4, Section VIII of the proposed methodology

All guidelines were met and justified at the time of application, no other changes have 

been made to the project and no further information is required. With regard to the 

project progression, due to the need to calculate some further information the project 

was a little behind the project plan, however it was felt that there was no need to make 

adjustments to the plan to compensate for this as it is felt that the project will still remain
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within the target time. As this stage involved analysing the data collected no external 

people were used to apply the theories and so the concepts of cultural management were 
not required.

No further information was required and the answers were sufficient in the stage to 

proceed to the methodology application. The technical future state was shown in figure 
5.62 (page 199) and the reasons and justification of this change was discussed. A 
comparison between the current state and future state was made and the differences 
benchmarked.

YES

NO

OUTPUT = THE TECHNICAL FUTURE STATE

NO Are the answers sufficient, 
can the output be created?

YES

Figure 5. 65: Stage 4 output of the proposed methodology

5.4.8 Stage 5 - Improving the Results and Defining the Optimum Technical 
Future State

STAGE 6 - IMPROVING THE RESULTS (Defining the Optimum Technical Future State)

To understand how the results from (tie technical future state can be improved through simulation modelling including 
verification and that the suggested improvements from the technical future state are achievable.

INPUT = THE TECHNICAL FUTURE STATE

Figure 5. 66: Stage 5 heading of the proposed methodology

Taking all previously collected current state data along with the analysis of these data, it 
was decided that the optimum could be achieved by analysing the future state through 

simulation modelling.
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Taking the results of the technical future state design, simulation modelling was used to 
analyse this further. The current simulation model was taken and adjustments and 
assumptions were made, these were;

i
SECTION I

Assess whether the suggested improvements are realistic and achievable?
- Create simulation model of the technical future stale
- Check the model for \ alidil> to the real s> stem
- Ensure the model is random like the real system.
- Ensure the routings on the model arc correct as \\cll as the logic

YES

NO

Figure 5. 67: Stage 5, Section I of the proposed methodology

• The process flow was levelled
• The shift pattern was reduced to a normal working week
• All operators were skilled in all areas
• The operating batch size for all products was reduced to 10, therefore the part 

inter arrival time was increased
• Re-analysis of the process times according to the future state map which 

required averaging the cycle times used as the batch sizes did not vary
• Created pull systems to limit the WIP around the oven operation and so FIFO 

lanes were used for air cure times
• All delay times were removed within the buffers except for after the oven 

process
• Staffing levels were not reduced, just re-evaluated; therefore there were no 

job losses

The new future state routing for the model can be seen in figure 5.68. This diagram 
highlighted the continuous flow around the production line as well as the FIFO lanes 
required around the oven process for air curing times. The model screen was not any 
different from the existing view; however the logic and routings were changed to 

produce the technical future state model.
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Figure 5. 68: The future state simulation mode routing

The variation and validity of the models were tested again, through the reporting 
function in the software. The results of this system can be seen in appendix 5.40 (on 
CD). It was noticed that with the processes on different shift patterns inaccurate times 
for the percentage of time that a process had to wait for labour were being given. The 
solution was to put the machines and labour on the same shift pattern, the results of these 
changes can be seen in appendix 5.41 (on CD). Parts were validated within the model 
by checking the routing through final buffer counts and queues as well as the logic 
around the model.

SECTION 11 |

• Use the model for further analyse.
- Assess the model Tor the machine and labour utilisation
- Look at the use of shift patterns.
- Highlight the bottlenecks.
- Document the results found.

- Suggest improvements to make to the model from the analysis.—————————J

Figure 5. 69: Stage 5, Section II of the proposed methodology
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The model was run for a year and the results produced highlighted that 2869 work orders 
were run through the system in comparison to the original current state model of 978 
work orders. This produced an increase of 193%. It was calculated that the model was 
still 341 work orders short of meeting the customer requirements. However there were 
another 920 within the system waiting to be processed and were caught within the 
bottlenecks of the system. It was also noticed within the results that the labour overall is 
only 45% busy which is better than the current analysed system; however there is still 
room for improvement. The largest bottle neck was the degreasing and banding 
operation, where the percentage of utilisation was 93%.

I
SECTION HI |

• Use the model to optimise the system.
- Alter ihc model accordingly to remove the problems that occur when analvsing the technical future stale through modelling 
- Rcanal\sc the model and record the data 
- Document the changes to be made

j

Figure 5. 70: Stage 5, Section III of the proposed methodology

The model was optimised through analysis, and the removal of any bottlenecks. To do 
this, the process capacity had to be increased and so another process was added for the 
degreasing and banding operation as well as for the coding machine. The results 
produced from the model having been run for a year and can be seen in appendix 5.42 

(on CD). It was discovered that;

• The output increased from 2869 to 3136
• The bottleneck previous to the degreasing and banding operation had reduced 

from 4140 to 3865
• The utilisation of the labour across the production line was only 49.3% busy

• There were large blockages around the oven, the processes before the oven 
had an average blockage of 49.3% and the processes after the oven had an 

average blockage of 61.3%

This resulted in requiring more capacity around the oven and it was thought that more 
trays could be used to utilise the capacity of the oven better or another oven would have 

to be purchased.
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The model was analysed with another oven, increasing the oven process to two 

machines. The results created from the modelling software package can be seen in 

appendix 5.43 (on CD), the overall results were that;

• The output increased from 3136 to 5235

• The blockage before the degreasing and banding operation had decreased 

from 3865 to 1762, with a maximum blockage of 1807 at any one time

• The labour utilisation had increased and everyone was better utilised at

82.2%

• There were still blockages in the system; however the line was producing 

more than the customer requirement

All of the extra capacity required is currently available to the system. The only 

investment from the company would be another coding machine so that the production 

line does not have limited availability. Another investment would be the oven as this 

becomes a bottleneck; however the production created with this extra oven exceeds the 

customer requirement.

SECTION IV | CREATE THE OPTIMtM TECHNICAL FITl RE STATE

Figure 5. 71: Stage 5, Section IV of the proposed methodology

The optimum future state visually looks exactly the same as the technical future state; 

however organisation of the line has been evaluated. Within this line, there is one 

coding machine, two combined degreasing and banding operations and either with one 

oven with more trays or two ovens. The labour is multi skilled and there is no over time 

required in the system.

SECTION V——| UNDERSTAND THE FEEDBACK AND COMMUNICATION

——————————————————J————————————————— 

Figure 5. 72: Stage 5, Section V of the proposed methodology
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No further information was required as all of the guidelines were met. What was 

thought to be necessary was a comparison of the changes throughout the application 
figure 5.74. Issues related to current state culture and cultural changes are recognised in 

the next stage and so it was thought appropriate to proceed.

YES

(c OUTPUT = THE OVERALL TECHNICAL FUTURE STATE

NO

YES

Figure 5. 73: Stage 5 output of the proposed methodology

No further information was required and figure 5.74 displays the benchmarked stages 
throughout the methodology application. The specifics in each milestone have been 
extensively discussed at the point of application, however it can be seen that the 
production output has increased by 81%. The labour utilisation has increased however 
at the lower utilisation levels; there are large amounts of inventory around the bottleneck 
processes. Overtime has been eliminated in the technical mapping analysis, however the 

same amount of staff are still required.

The number of processes has increased to two, however this is at no extra cost because 

the operations are manual; therefore, there is only need of extra capacity.
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No. of Degreasing
Operations Banding

Coding
Bayonet Pining

Pull Test
Grounding Spring

Staking
Potting

Assembly
No. of Machines Oven

Shift Type
Labour Skills

Statistical Output
Statistical Labour Utilisation

No. of Operators
Production Leadtime

Activity Time
Days Late

% of Value Added
Notes

^

Current System

1
1

6.5
1
1
1
1
1
1
1

Overtime
Different

978
65.3%

7
1 9.8 Days

1 hour / per connector
13

0.61%
Contains WIP

Contains bottlenecks

Current System Simulated

1
2
1
1
1
1
2
2
2
1

Overtime
Different

1524
89.7%

7
19.8 Days

1 hour / per connector
13

0.61%
Contains WIP

Technical Future State

1

1

1

1

2

1
2

Normal
Same
2869

45.0%
7

236.8 Mins
179.6Mins

0
75.8%

Continuous Flow
Contains bottlenecks

Technical Future State 
Simulated

2

1

1

1

2

2
2

Normal
Same
5235

82.2%
7

236.8 Mins
179.6 Mins

0
75.8%

Continuous Flow

Figure 5. 74: A table of the data benchmarked throughout the application
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5.4.9 Stage 6 - Analysing the cultural data and Defining the Overall Future State

I
( STAGE 6 -ANALYSING THE CULTURAL DATA (Defining the Overall Future State) ^

[ By analysing the cultural data the future state that has been created technically can again be reassessed to include this ^\ 
1 Data. Therefore increasing the rate of success. 1

C INPUT = THE OVERALL TECHNICAL FUTURE STATE ^)v ——————————————— - ——————— —————————— ————— J ,

1

Figure 5. 75: Stage 6 heading of the proposed methodology

All technical data that has been processed can be seen in figures 5.61 (page 199) and 

5.74 (page 207). It was noticed in the previous stage that many transformations have 

occurred, increasing the output and utilising the operations and labour more efficiently.

SECTION 1 | COLLATE ALL CURRENT CULTURE DA IA COLLECTED I HKOl'G HOIl

Figure 5. 76: Stage 6, Section I of the proposed methodology

The cultural data that has been collected throughout the methodology application and 

can be seen in figures 5.10 (page 147) and 5.34 (page 168). The communication and 

feedback key has been used to determine any changes in the cultural environment.

________I________
SECTION II

• Analyse the current state culture.
and Lhrougli ihc data collected and the classificauoi 

llit culture on business tiiipro\ emails and change
- Unders

- Ma\be

- hncsimalc the cause and c fleet on cmplo\ccs reactions to certain change

- Understand and appK concepts on the bcha\ icur of people through Iraiisnenona) aiialx

- Explore multiple possibilities and approaches mslead of pursuing a sinyle approach

- Expect thai the techniques used for changing concepts and perceptions can generate ne

- Help people to change their thinking in order to support changes
- \nal> sc llie fVo.lb;i>.r, da1;t from lh L Ojxr.ilor- .inJ compare lh:il from the nunm/eme-Ml f

j ihc iliouL,
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mpouenncnt and sell moluanon

of those efTcclcd. ic scH'estccm

lia\c reacted llic \\a> thc\ ha\c

c though sccunlv . pallems or corn

( things are said and lio\\ ihe\ .'in.

change elTccls

social needs as \\cll as s;ifcl> >md plnsicul

nands. stains atitlionK pcmcr or iclalions

said

YES

Figure 5. 77: Stage 6, Section II of the proposed methodology
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It was felt that there were little concerns related to the culture within the production line. 
The operators and team members were aware of the relocation project that the company 
were putting in place before the start of this application. So the usual obstacles such as 
resistance to change and issues associated with improvement projects were not present. 
The management team that were enforcing the change were respected and so there was 
no resistance to change. This methodology application was advertised as an 
improvement project within the relocation plan to highlight any related problems and 
future potential improvements.

The manner in which the data collection was carried out reduced factors of resistance. 
This method allowed the operators to calculate the operation times and complete the 
surveys independently of the author or team leader. These types of studies usually 
include measuring time throughout using stop watches, which tend to let the operators 
think that is a measurement of their capability and skill and not on their operation and 
process. This methodology enables a less formal approach which does not encroach 
upon personal achievement. Throughout this methodology application all employees of 
Amphenol remained anonymous.

Understanding the current culture was achieved through the completion of the survey 
data (appendix 5.28 (on CD)), and it was found that the team were satisfied with their 
jobs. The data highlighted the requirements for better tools and equipment to aid with 
the completion of the operations. However, this was seen as a technical point, the team 
were happy with the reliability of the equipment and with the quality of the products, 
except for the plating of the products.

Unlike the technical data that were collected, the cultural data did not vary between each 
product. The information was operator specific towards the end of the data collection 
period and this part of the survey was not being completed as it was repetitive 

information.

Outside of the company, the core team socialise with one another occasionally indicating 
the culture within the team. One concern is the turn over of agency staff within the 
production line, which causes issues regarding training and staff flexibility. The future
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culture will aim to reduce the issues related to agency staff and will encourage team 

building through work shops and learning.

The largest change that will affect the culture is by introducing more training to multi- 

skilled staff, thereby promoting cell flexibility. This will be achieved by carrying out 

learning work shops and awareness courses prior to the training. This also includes 

communicating and informing the team of the changes. Efforts will be made to 

encourage team building through social events and communication. The greatest 

resistance will be through the implementation period, the greater the awareness, training 

and communication the lower will be the resistance to change.

SECTION III

I 

Figure 5. 78: Stage 6, Section III of the proposed methodology

The future state culture will include integrating the small divide between core employees 

and agency team members. It will also encourage members to voice opinions on 

operational tool requirements in order to make the operations easier for the operator to 

carry out. Figure 5.79 displays the future culture classification; this will be the aim of 

the company.

Current State Culture Definition

- Relationships to Other People
- Rules versus relationships - The organisation uses tight 

contracts when engaged in business

- There is not only one right way; the person should act 

in a way that fits the particular requirement

- Group versus the individual - it would be expected that 

several people would attend meetings and make group 

decisions

The future aspirations 

of the company

-

N/

^H

v/ 

X

>/
^M

-+

+

-*>

210



- Single decision makers are common and decision are 

made quickly

- Lack of emotion versus show of emotion - it is 

considered uncultured to show emotion

- Specific relationships versus diffuse relationships - 

Are relationships defined to fit a specific context

- All aspects of a relationship are discussed and 

intertwined

- Organisational status is according to past record 

achievement

- Organisational status is satisfied through ascription

N/

X

N/

X

- Attitude to the Environment and to Time

- The environment can be controlled and exploited

- The environment is something that can be adapted too

- The organisational focus is on the future and making 

future plans

- The organisation places importance on the history and 

the past

- Time is seen as a linear, sequence of events

- Time is seen as circular, linking the past, present and 

future

- The immediate future is achievable through personal 

effort

- Long term is not as achievable, as too many things can 

happen

- Individual - Organisational Relationships

- Individuals can come together in an organisation 

because it furthers their own ambitions

N/

X
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- Individuals have little loyalty to the organisation

- The organisation instructions initiate from the top and 

work down

- The role of every individual is well defined

- Members have come together due to shared values or 

goals

- Power and Control
- The organisation has several levels of hierarchy and 

relies on a committee for decision making

- The Organisation focuses on successfully completing 

well defined projects / tasks

- Influence is based on expert power and is widely 

dispersed

- Innovation and Learning
- The managers are experts in their organisations limited 

area of operation

- Management tend not to search outside their current 

areas for new equipment

- The company narrowly defines the market segments

v/

N/

X

- The organisation continually searches the market 

opportunities

- Regularly experiments with responses to 

environmental trends

- Attitude to Risk

- The organisation operators through the use of 

formalised structures and processes

- Management are reluctant to change

N/ 

X

M'

X

- Management only react when they are forced to do so

212



Figure 5. 79: The current cultural environment and the future cultural aims

This figure indicates the current cultural classification and highlights what the company 

aim should be and what will be defined in the strategic plan. Within this figure, it can 

bee seen that the company needs to promote communication and group decision making 

to create constructive discussion to propose a number of solutions. It also highlights the 

need to support the ideas of an adapting environment responsive to change that focuses 

on making plans for the future, focusing on aspects and continuous improvement by 

linking past and present experiences.

The future culture aims to encourage learning and knowledge sharing to create a multi 

skilled environment, which will enable flexibility. It is also thought that the perception 

of management acceptance and approval are key to acceptance among the work force.

i
SECTION IV

• How docs this effect the technical future state?
- Docs the technical future stale need adapting' 1 

- Feedback into the s\slcm \\hcrc appropriate

YES

NO

Figure 5. 80: Stage 6, Section IV of the proposed methodology

The technical future state does not need adapting as the future cultural environment 

supports these ideas and is based upon this knowledge.

All guidelines have been satisfied and completed with this stage. The cultural factors 

have been extensively discussed in this particular stage.

Further information is not required as all sections and guidelines have been met. The 

theory of the optimum future state is displayed in figures 5.62 (page 199), 5.79 (page
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213) and 5.82 (page 215). The summarised points of the optimum future state can be 
seen below in figure 5.82.

iSECTION V CREATE THE OVERALL OPTIMl M El Tl RESTATE

SECTION VI
I

UNDERSTAND THE FEEDBACK AND COMMUNICATION

YES

OUTPUT = THE OVERALL THEORY OF THE OPTIMUM FUTURE STATE

NO Are the answers sufficient, 
can the output be created?

Figure 5. 81: Stage 6, Sections V, VI and the output of the proposed methodology

Maximum availability of processes required;
2 degreasing and banding operations,
1 coding operation,

1 bayonet pinning and pull test operation,
1 grounding spring operation,

2 staking and potting operations,
• FIFO lanes around the oven operation.

Production within normal working time.
Better utilisation of machines, operations and labour.
Continuous levelled production process.

Very little WIP.
Group decision making to create constructive discussion.
To encourage learning and innovation to work towards multi skilled 
staff.
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7 multi-skilled operators.

Fully integrated team members.

Displaying management acceptance through interactive management 

involvement to enable a responsive environment.

To support continuous improvement from past and present 

experiences.

A more responsive environment to encourage change.

Change initiatives to be created from within the team.

Better communication internally and externally.

Shipments to the line are as required.

Shipments from the line are as required.

Figure 5. 82: The optimum future state theory

5.4.10 Stage 7 - Create a strategic plan

— *•

1
C STAGE 7 - CREATE A STRATEGIC PLAN J

[ A strategic plan of all of the new concept to aid with the Implementation procedure. The plans will be structured to involve all ] 
1 affected by the project and milestones are to be created for small achievable goals. I

C INPUT = THE OVERALL THEORY OF THE OPTIMUM FUTURE STATE ^

•^ ——

«* ——

Figure 5. 83: Stage 7 heading of the proposed methodology

The system that had been created through the previous stages was to be used to create 

the strategic plan for implementation.

The project objectives that were defined at the on set have remained the same throughout 

the methodology application. Changes have been made to the system accordingly to the 

application requirements and the significant changes to the production line are displayed 

in figures 5.74 (page 207) and 5.82 (page 215).
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1
SECTION 1 |

• Refer hack (o the project definition.
- How Iti*. Ilk' prn|ixt Utilised'

- Docunicnl these clungcs
- Define the mission statemeni
- Define ihc \ iMon

• Have an input from Ihc internal stakeholder*.
Meel llk-viW im Iwd.

- Make changes il ucc ss;m
- Crc;ilc I lie stnlctiK p ;tn ormiplcmcnuiion wuli (lie M;ik», : holders

• What is the relations lip w ith the external stakeholder* on the improvements.
- Assess Ihc rircuuj.il vl,ilioii\hips
- \^t*.s Ilk rcl.iiu'iisln.'s \s uh ilk suppliers .nid iln. tiiMoincrs

• Highlight the goals and objectives of the strategy.
- Take the theon ;tnd di\ idc into manageable si/cs
• Crcaic loops in ihc Ihcon - sections
- For each section list the impnncincnts required
- Place a goal / objective for (kit inipro\ciiient
- Put a nine constraint lo I he ohjcclncs

^^~~~^~^ ^^^"^-^_ VPS 
^~>~~^ Is more Information ^---^

<̂ -*-~-^^^ required? ^^^^^

Figure 5. 84: Stage 7, Section I of the proposed methodology

It was felt that before any project implementation was carried out, it was best to 
understand the project objectives and aims of the customer. The changes that were to be 
made with the customer would have an impact on the supplying processes; it was 
thought that the two processes could work together simultaneously. So the decision was 
made to initiate the methodology application of the downstream case study to ensure the 
communication between the two companies and encourage concurrent improvement.

5.5 Methodology Application Discussion

This chapter has applied the design methodology to a case study; this was initiated from 
the application discussed in the previous chapter. The aim of this second methodology 
application was to gather more detailed operational data and look to improve a 
downstream process within the supplier. The information from this application could be 
fed back into the top level case study to improve the supplier-buyer relationship.

The results of this methodology application were discussed throughout the stages in this 
chapter and the main results that were benchmarked were highlighted in figure 5.74
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(page 207). The table created in figure 5.82 (page 215) gave information on the final 
outcome which was described as the optimum future state.

The optimum future state determined the capacity of the process operations. Initially, 
there is the availability for one of each operation. The process within the line is very 

manual, where the process capability has increased this is with no extra investment, it 

allows the space to perform the operation if required. Currently the process capacity 
was one; however the coding machine had limited availability 50% of the time. The 

optimum future state was that due to creating continuous flow those processes with 
similar operation times. Currently there were ten operations, all with a capacity of one, 

which equates to ten work centres. The optimum future state required seven operations; 

some with a maximum capacity of two, which equated to a total of 11 work centres. The 
technical content of the existing system remains the same but is re-organised and re­ 
scheduled in a more utilised format with a significant reduction in WIP.

The system output increased by 435%, which was nearly 51/2 times more than the current 
system. Utilisation also increased however in this case there was continuous flow and 
no bottlenecks were present in the system. Originally, when operating on a normal shift, 
the products were on average 13 days late, but with extensive over time the future 
system can achieve this output on a normal shift pattern. However, this required training 
with the team to create a multi-skilled and flexible team. The team were very approving 
and supportive of the project and the data collection was very successful because of this, 
it was also due to the method of collection as cultural issues were considered.

From the application through current bench marking and analysis, the results concerning 
cultural issues consisted of encouraging learning and innovation to create a flexible and 
multi-skilled team. Promoting communication internally within the line, as well as 
externally. It was also felt that the team should be encouraged to initiate continuous 
improvement from past and present experiences by creating a more responsive 
environment. This would require management displaying acceptance through interactive 

involvement.
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5.6 Methodology Justification through Application

The application of a case study through the use of the integrated methodology has 
allowed it to be reasoned and justified. The completion of the necessary guidelines 
within the sections of the methodology has encouraged the progression of the case study 
objectives. Those guidelines that are not necessarily relevant to the project have been 
discussed at the point of application and the reasoning of the decisions justified.

The feed back loops created in the methodology have been used, this was mainly due to 
insufficient information. In these instances when feedback was required, the 
methodology allowed the project to feedback and flow into the necessary stages and 
sections as required.

This application has highlighted how the methodology has been tailored to the case 
study requirements and therefore has created a pathway of change though a given 
roadmap. The author has given recommendations to Amphenol UK as a result of this 
study and they have employed new staff to carry out these suggestions.

5.7 Chapter Summary

This chapter has applied the methodology to a given case study. This application has 
seen considerable improvements within the supplier. The decision was made to initiate 
the improvement program within the customer before implementation of the changes 
within the supplier, to ensure clarity between the two companies with the top level case 
study in mind.
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CHAPTER 6 I CASE STUDY 3

APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO 

IMPROVE THE BUYER'S RECEIVING PROCESS

6.1 Chapter Introduction

This chapter uses the proposed design methodology (Chapter 3) and applies the theory to 

receiving processes at BAE Systems. This application investigates and defines 

improvements within these processes. This study will aid the improvements created and 

implemented in this previous application with the supplier (Chapter 5). These 

investigations will assist the holistic view of the overall supply chain (Chapter 4). This 

application requirement differs slightly as the approach of this application studies in 

detail the movement of material flow and assess the inventory management techniques. 

In Chapter 5 the significances was within the process, production orientated 

environment.

6.2 Methodology Approach

The flow chart of the proposed design methodology (figures 3.7 to 3.16, pages 89 to 

118) is applied and the application follows on from Chapter 5, this methodology 

completes a third application which is linked back to the first application (Chapter 4).

The goals and objectives were to meet the overall requirements outlined in the first 

methodology application (Chapter 4), which were;

• Better quality products

• Shorter lead-times

• Improved transit times

• Better designed products

• Reduce inventory

• Lower costs
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The aim of this case study, like the previous case studies was to work with the company 
to find appropriate ways to quantity these measures. This application was associated 
with understanding the holistic supply chain and the aim of this study was to carry out a 
more detailed improvement project, which would influence the outcome of the first case 
study. This study is focusing on transactional processes rather than production build 
assemblies and assesses inventory control methods. Specific advantages will be;

• Better responsiveness to production

• Shorter lead times

• Reduction in inventory

• Less material handling

• Less system transactions

• Better communication internally and externally

• Better supplier chain relationship

• More efficient processes

• Reduction in waste

All of these objectives will reduce the material receiving process and reduce the dock to 
shop lead times.

6.3 Company Overview

The company used in this third application is referred to as the buyer, BAE Systems. 
The company background was given in Chapter 4.

6.4 Methodology Application 

6.4.1 Stage 1 - Project Alignment
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»- f STAGE 1 -PROJECT ALIGNMENT ]

[ To investigate why the project is needed as well as the scope of the project. This stage shall identify who the customer is | and will create a well defined project plan I

f INPUT = THE PROJECT REQUIREMENTS }

I

Figure 6.1: Stage 1 heading of the proposed methodology

The project requirements were discussed in Chapter 4, which highlighted the 
requirement for internal analysis within the buyer to improve the relationship with the 
supplier. The present case study will look at how the material supplied will be 
processed through the receiving areas.

i
SECTION I

Why is the project needed?
- UnderMand the proictl requirements through SWOT anal\ sis 
Why is (he project required now?
- Determine the business position among ils competitors 
Who is the customer?
- Understand uho the customer is and ihcir needs
- Align the strategic goals of the compam \Mih its customer

Figure 6.2: Stage 1, Section I of the proposed methodology

This study was required to analyse how products were supplied to BAE systems and this 
would enable the company to be more receptive to the production process requirements. 
This would also benefit the company by lead time reduction as well as reductions in 
transactions between material delivery and product build. This ultimately allows better 
communication and feedback to the supplier. Reasoning for this project is highlighted in 
figure 6.3 through SWOT analysis.

This SWOT analysis highlighted that from this project there are many opportunities to 
reduce internal supply lead times and processes, which in turn would also promote better 
external supply chains. This would also introduce better responsiveness to the customer 
by reducing the transactions. One particular strength is the introduction of a new ERP 
system, as this requires in depth investigation around all the company processes. The 
new ERP system will enhance this project application as all processes need to be 

questioned.
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Strengths Weaknesses
• Large worldwide company

• Unique market

• Advanced technology

• New planning system being put in 
place

• Long internal supply chain lead 
time

• Large amounts of inventory held

• Material planning system reliant

• Large supply base

• Unique component requirement

• Long receiving processes

• Less receptacle to supplied material
Opportunities Threats
• To reduce internal supply chain lead 

times

• Reduce material handling

• Have quicker responding material 
receiving processes

• To reduce transactions

• Improving the operations around the 

planning system

• Reducing the supply base

• Competitors

• Movement of production to another 

location

• Reducing supplier base and lead 
time without reducing the internal 

supply chain lead time

Figure 6.3: The SWOT analysis of BAE Systems

There appear to be many weaknesses at the current state; however these will be reduced 
through the application of the proposed design methodology.

The customer in this scope of the project is production. Physically on site there is one 
central receiving area with many stores and many production areas. Due to this reason 
and the project timescale, only the receiving areas and the main stores area will be 

studied.
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SECTION II

What is the scope of the project?
- Seleel a slialcg)

-1 UiderMand the options and choices of the pioieel

- Look al the suslainabiht) and appropnabihl) of the project

- Look al the options and p«th\\a> s of I he project

- Align the compam slrategie goals uith the operational strategic goals 

What will be the future state?
Determine .1 mission statement and \ ismn 

I 'ndvrsumd the future market share

- Stud> the future b\ forecasting

- Look into hpical examples, build scenarios

Figure 6.4: Stage I, Section II of the proposed methodology

This project's strategy is to understand and identify the current system for receiving and 

inspecting material supplied and how this material is moved and received into stores. As 

the project scope is quite specific the options and pathways are limited. It is anticipated 

that transactions will be reduced as well as material handling and that supplied material 

will be more readily available to the production team. Without further detailed analysis 

it is hard to determine and identify the future state on a specific project. It is thought 

that the future state will encourage better communication with the suppliers, as the 

internal receiving processes will react better to the demands of the internal customer, 

thereby producing greater, more controlled and more reactive stock turns.

i
SECTION III

• When is the due date?
- Create a realistic project plan \\ith small achic\ able goals

of cha

What are the tangible deJiverables?
I 11, 1, i -i, ii id I|IL I oi.^ ol i IK. ^Mslini; ciiMTOnmenis 

I IK kick L!K lanoic cm iron ID cut In unduMjndinc the

- Look al the effects of international and globalisalion.
- Slud\ I!K imme-diaKopt.rJlTiu: (.•iiMmniiKiil
- Also understand the \aluc chain outside the immediate operating cm ironmcnl

- Create the planned outcomes of each stage—————————J

Figure 6.5: Stage 1, Section III of the proposed methodology

The due date of this project is to be kept in line with the project plan created in Chapter 

4 (figure 4.2, page 126). It is thought that this third case study will allow the 

continuation of the previous two. This project progression will be monitored throughout 

and any issues will be highlighted in feedback loops.
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One of the current forces that affect the existing environment is that many products are 

inspected intensely. The site has three stores depending upon the production 

environment and so the goods are transported to the necessary stores. Currently, not all 

material is received into the planning system and due to receiving lead times the items 

are not booked onto the planning system in time. Employees would chase the suppliers 

for the items when the items were actually in house and not visible on the planning 

system. To overcome this problem, the material is now booked onto a separate system 

to highlight the receipt from the courier and then placed onto the actual system once 

certain processes have been performed. This now enables visibility of receipt; however 

it is not globally communicated.

The movement of material currently is received through goods in and the receiving 

areas. It is held here until it is physically moved over to stores. The material is placed 

into specific locations, in stores, ready for picking into kits ready for production as 

required by the ERP system. Foreseeable causes of change could be job definition; 

currently people have specific job roles that do not allow flexibility. These are the type 

of issues that maybe of some concern through this change process. 

Understanding the effects of international and globalisation are too generic for the scope 

of the project. The value chain outside of this immediate operating environment has 

previously been discussed (Chapter 4) and investigated (Chapter 5).

SECTION IV

• Has the project been approved?
- limih,. ill.' ,ukdiulda-s
- lm»Kc (liovc .-ilTcck-d h\ ik: r>ni|O

YES

Figure 6.6: Stage 1, Section IV of the proposed methodology

All stakeholders are aware of change and are supportive of this case study investigation. 

No further information is thought to be required and so the current state was created.
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NO

SECTION V

What is the current state?
- Benchmark the current state of the project specific suppK chain for (valuation purposes

- Create rough sketches of the information and material flow of the project m a technical current state through learning to sec mapping

I u .lit uU';i^ ol I IK' uillitul HICK MI M,IK ilii.ni;<li di:tcnnm,iiil> . >l ^>mp.im • mlluK

- Understand ihc current procedures and flow of the business

Figure 6.7: Stage 1, Section V of the proposed methodology

The current state of the process was benchmarked through VSM tools and can be seen in 

figure 6.8. This figure highlights how the material is received in, processed through 

goods in and pushed through into stores. The material in stores is kitted as required, 

however it is left in the holding area until it is collected. This map gives a rough 

indication of lead time, however this methodology will enable the creation of a more 

detailed evaluation of the system as required, highlighting the internal processes below 

the top level given.

2400 480 28800

30 7200 7200

Figure 6.8: The current state map of the receiving process

This figure highlighted that the process lead time was over 19 working weeks and that 

the activity times associated with this are 6 working weeks, however it was noticed that 

further improvement was required with the activities and that there are many wasted 

opportunities within. These data were obtained through initial observations and
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meetings. The cultural environment was analysed in the same form as the previous case 

study and current culture has been determined in figure 6.11. This current state culture 

was based on the view of the author on the brief visits.

i
SECTION VI |

UNDERSTAND THE FEEDBACK AND COMMUNICATION

Figure 6.9: Stage 1, Section VI of the proposed methodology

The feedback and communication key was used to test the requirements of the scope 

against the current data collected. All of the necessary guidelines were met and the 

information was recorded and documented as required, it highlighted that the project 

remains true to the scope. Cultural analysis has been determined; however it appears 

unnecessary to start changes before more data are collected.

YES

NO

OUTPUT = AN UNDERSTANDING OF THE CURRENT STATE FLOW

NO Are the answers sufficient, 
can the output be created?

Figure 6.10: Stage 1 output of the proposed methodology

The output created from this stage can be seen in figure 6.8 and figure 6.11 and so 

further information was not required as the answers were sufficient, therefore it was 

acceptable to move onto the application of Stage 2.
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Relationships to

other

people

The team of people involved within the activity processes all 

appear to work well within a team. However, across the 
functions there is little communication, across the site there 

appears to be divides between functions and processes. The 
receiving processes are lengthy and this effects the 
perception of the function externally.

Attitude to the 

environment and to 

time

A new planning system is being implemented across the site. 
This will effect the environment and the way the processes 

are currently operated. The items are delivered to the site as 
agreed with the supplier and the buyer. The receiving 
processes are unable to meet the deliveries made to the site 
and so another database was created to receive the material 
before it was entered into the system. Time is a factor that is 
particularly limited in this environment; this has effects on 
how the system is operated.

Power and control Like the previous case study, the company has many levels of 
hierarchy. The areas are organised by managers and this 
includes scheduling the functions as well as managing the 
people. There have been past efforts to improve these areas 
to reduce the lead times and to be more reactive.

Innovation and 
learning

It is believed that learning programs for individuals are 
existent and is left to the individual to utilise this facility. 
Like the previous case study, the attitude to risk is dissimilar 
on different levels of the hierarchy scale; production workers 
generally oppose a change in the system due to changing 
their lifestyle. However these people are very proactive 

regarding the data collection program.

Figure 6.11: The current cultural state within the receiving processes
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6.4.2 Stage 2 - Planning the Measurements

— ̂

*
(^ STAGE 2 - PLANNING THE MEASUREMENTS ^)

[ To understand the full implications of the data necessary and how they will be obtained. To plan the key metrics required for^ 
I the project, discussing how these measurements are required and the use of these metrics J

( INPUT = AN UNDERSTANDING OF THE CURRENT STATE FLOW ^v ———————————————————— - ————————————————————————— ' ,

*
SECTION I ' ———

• What are the key metrics for this project?
- IdenliK the l\pe of d;it;i required \\ilh the departments 

- Identify the actual data lo complete ihc technical current state map 
- Include inlbnn.iiion llou Umnidi ,itut in-betuecn departments

1

-^ —

Figure 6.12: Stage 2 heading and Section I of the proposed methodology

The type of data required within this project is detailed information on activity times, 

cycle times and lead time to process these transactions around the receiving area. This 

project is similar to Chapter 5 and is of a specific nature around an internal process. 

This case study understands and improves the current material receiving transactions 

rather than production related improvements.

1
SECTION II

• What initial detailed metrics arc required according to business improvement methodologies?
- Idenlifv the product demand vanabilit>
- Investigate the market need for the product

Benchmark the current culture
- Take a snapshot of the processes
- Create sun c\s & opinion;.

- Collect eye e / process times (acti\ it> times)
- Collect data on change over times and set up times.
- Understand machine availability

. • Us not (!• • •'• : •

- Look at batch quantities
- Look at the uncnlon. levels
- Understand the information flow - the orders

. Mud> .•;,:.; !i ' • n department-

- Look at the system schedule
- Understand the product varieh
- See the shipments to and from the system.
- Understand the use of computers in the system & the paper flow
- Understand the relationship of the support staff to production
- Look at the movement of operators, processes & product.

+

Figure 6.13: Stage 2, Section II of the proposed methodology

This section understands the detailed specific requirements. Many of the attributes in 

this section are not applicable as they are product related. However, aspects such as
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current culture benchmarking are a function of the case study, as well as understanding 

the material and information flow through these process transactions. The initial areas 

of the plan can be seen in figure 6.14.

- Identify the product demand variability.

- Investigate the market need for the product

- Benchmark the current culture.

- Take a snapshot of the processes.

- Create surveys and opinions.

- Study the quality of the process.

- Collect cycle / process times (activity times)

- Collect data on change over times and set up times.

- Understand machine availability.

- Look at the yields not just the first time yield.

- Look at the percentage of rework in all departments.

- Look at batch quantities.

- Look at the inventory levels.

- Understand the information flow - the orders.

- Study delay periods - the flow of work between departments.

- Look at the system schedule.

- Understand the product variety.

- See the shipments to and from the system.

- Understand the use of computers in the system and the paper flow.

- Understand the relationship of the support staff to production.

- Look at the movement of operators, processes and product.

Figure 6.14: The checklist of the applicability of the initial detailed metric requirements

The quality issues are related to the quality of the received material, rather than the 

quality of assembled products and so issues are more straight forward, as the error lies 

with the supplier.
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What further metrics are required according to brines* improvement methodoloKies on reflection of that planned above?
- Idciilil) the point nl diltercmiation

- Look al placing Ihc decoupling point nearest to llic customer as possible

- Investigate in suitable methodologies into standardising products
- Stud) llic standardisation of the product

- Research into the departmental flow

- Look at llic supplied

- know the supplier base

- Look al lead-lime requirements

- Make measurements through the SC'OR melhodolou} (drill down I
- Look at the distribution of products 

Investigate through the people nnohcd - die stakeholders 

Doamicnl the current Male culture llirouv.li ckixxil'iciilion

- Look al the associated costs- the costs of change

- Create nsk anal) sis reports for change
- Document am changes to the plan

- Adapt the mam project plan b> drilling doxvn and expanding

Figure 6.15: Stage 2, Section III of the proposed methodology

Any further metrics that were required (figure 6.15) related to extending the supply 

chain were analysed in figure 6.16. For this case study, current state culture definition 

was required as well as strategy management concepts such as cost and risk analysis 

including project planning.

- Identify the point of differentiation.

- Look at placing the decoupling point nearest to the customer as possible.

- Investigate in suitable methodologies into standardising products.

- Study the standardisation of the product.

- Study the quality of the support - paper and computer systems.

- Research into the departmental flow.

- Understand the quality of the flow.

- Look at the materials supplied.

- Carry out statistical process control measurements where necessary.

- Know the supplier base.

- Look at lead-time requirements.

- Make measurements through the SCOR methodology (drill down)

- Look at the distribution of products.

- Investigate through the people involved - the Stakeholders.

- Document the current state culture through classification.
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- Look at the associated costs- the costs of change.
- Create risk analysis reports for change.
- Document any changes to the plan.
- Adapt the main project plan by drilling down and expanding.

X
•/

•/

s

Figure 6.16: The checklist of the applicability of the further detailed metric
requirements

The following section (figure 6.17) relates to holistic measures and investigates the 
external supply chain. This project is very specific and these holistic measures are 
assessed in Chapter 4 with the overall assessment of the supplier-buyer relationship. 
The association between the proposed design methodology applications are highlighted 
in figure 4.7 (page 130).

SECTION IV

• What holistic metrics are required according to business improvement methodologies?
- Create a regimented plan lo collect the planned measurements
- -\dapl the lean and agile ideas into all department not just specifiuilK into Production
- Look at aclucunga Icagilc svslcrn across the departments in the suppl\ th.iin not jnsi in sub groups 

i ndersuind licm cruniL-c is clTeoLuiiJ irk titluiK
- Imcstigate the organisation structure 

. ..iilmiKilK inM'hcllie stakeholder
- I 'ndersund the supplier logistics
- Stud\ the relationship bcl\\ccn the business and ihe product suppliers
- Refer back to the project plan
- Reassess the time scale—————————J

Figure 6.17: Stage 2, Section IV of the proposed methodology

The following table (figure 6.18) displays the decisions made on the applicability of the 
holistic metrics that would be suitable for this project. It was thought that facets of this 
section were applicable to project planning and stakeholder involvement.

- Create a regimented plan to collect the planned measurements.
- Adapt the lean and agile ideas into all departments not just specifically 
into production.
- Look at achieving a leagile system across the departments in the supply 
chain not just in sub groups.
- Understand how change is affecting the culture.
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- Investigate the organisation structure.

- Continually involve the stakeholders.

- Understand the supplier logistics.

- Study the relationship between the business and the product suppliers.

- Refer back to the project plan.

- Reassess the time scale.

^

^

X

X

^
•/

Figure 6.18: The checklist of the applicability of the holistic metric requirements

SECTION V |

Are the metrics valid and reliable?
i I. i,. i • . i.l- ' .-' ,n.ill...I I..i d;ilac»lk-i

- Measure the material value added to non value added activity through the processes
- Understand the processes of the project to full} understand which improvement techniques ma> be applicable in the analyse stage 
Is there adequate data on this project?
- Mc;isurc UK loutinu of producl through layyint;
- < olleu the d.ilu m.inunIK if neccssnr) 

--J hack into the s\5tein if iKLCsi.in

YES

Figure 6.19: Stage 2, Section V of the proposed methodology

The data will be collected through observations by walking throughout the area. These 

observations are completed with estimated times from the processors. The aim of this 

study is to analyse the processes and transactions, not the specifics of time and complex 

data analysis. Non value activity can be seen for receiving items that are not specific to 

production build but are for the attention of specific people; however this could be for 

development programs. Also some investigations can be carried out to understand the 

principles of inspection. It was thought at this stage that no further information was 

required.

As this project is of a similar scale to that in Chapter 5, the resources necessary will be 

very minimal; those people required will be directly related to the process. This study 

will be in line with the overall original project plan.
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SECTION VI

• What resources maybe required for data collection?
- Stud\ the scale of ihc project.
- Understand (he Minings

- Expand llic project plan ID greater detail to understand resource requirements throughout the recording data stage
• Do the resources need training?

Imcstiiuiti. Ik -.kills and ;M ;hxordins.'h

SECTION VII | I
• Have all company rules and regulations been adhered to (unions)?

- I hide Mai id ihcsf rcquuanuib ;md conipl\

T
Figure 6.20: Stage 2, Sections VI and VII of the proposed methodology

i
SECTION VIII

UNDERSTAND THE FEEDBACK AND COMMUNICATION

K

YES

OUTPUT = A STRUCTURED DATA COLLECTION PLAN

NO Are the answers sufficient, 
can the output be created?

YES

Figure 6.21: Stage 2, Section VIII and the output of the proposed methodology

All of the required guidelines have been met and no further changes have been made. 
The project is still in line with the project plan (Chapter 4, figure 4.2, page 126). The 
cultural involvement at this stage has only been a benchmarking exercise, so changing 
the cultural environment has not been a priority at this stage.

It was seen at this stage no further information was required and so the structured data 
collection plan was generated, figures 6.14 (page 229), 6.16 (page 231) and 6.18 (page 
232). The time it took to collect the data was planned to be over a short period through 
visual observations and training within the area. By observing the processes within the 
department allowed a true understanding of the processes and transactions through 
material and information flow analysis.
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6.4.3 Stage 3 - Recording the Information and Defining the Current State

— p»-

(
f

STAGE 3 - RECORDING THE INFORMATION "N 
(DeHning the Current State) j

| To understand the full implications of the data necessary and how they will be obtained. To plan the key metrics required for ] 
1 the project, discussing how these measurements are required and the use of these metrics 1r~

INPUT = A STRUCTURED DATA COLLECTION PLAN ^

CARRY OUT THE DATA C OLLECTION - RECORD ALL OF THE INFORMATION REQUIRED.

,

Figure 6.22: Stage 3 heading and Section I of the proposed methodology

All of the data were collected over the period defined in the project plan. The 
information was recorded through observation and questions. The timings were not 
accurate as the importance was focused on the material handling, transactions, the 

number of people involved, including the processes and the overall lead time.

*
SECTION II

• Benchmark the technical current state
- Take the data of the current state flow and add all of the technical data. 
- Complete the technical current state map 
- Document other data through a process activity map with all process, product and operator flow including the value added and non value 
added activity 
- Compile a database / spreadsheet of further information of notes and comments for analysis. 

• Benchmark the current state culture 
- Document all issues related through culture change, either in spreadsheets or \\nllcn documents 
- I'se methods of classification and determinants of cultural management

1
Figure 6.23: Stage 3, Section II of the proposed methodology

The current state flow created in Stage 1 through the data collection was adapted and 
more in depth information was obtained. A flow diagram was created to highlight the 
step changes of the receiving transactions and storage methods used at the company; 
figures 6.24 to figure 6.30 shows these flow diagrams. These flow diagrams were 
obtained from BAE Systems and display different levels of transactions. The overall 

processes to acquire materials are displayed in figure 6.24, these range from requiring 
material through to production assembling the items. Figure 6.25 highlights the overall 
receiving processes at a very top level view. The following figure (figure 6.26) looks at 
the initial receiving processes, from receiving the material from the courier through to 
the waiting for unpacking and processing. From here the receiving of the items differ 
depending on their final location. Those items for production can be seen in figure 6.27.
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Figure 6.28 displays the main stores receiving processes once the goods in receiving 
processes are complete. This figure shows how the team are completely ready for 
production. Those items for attention of specific people (the FAO process) can be seen 
in figure 6.29 and those packages that are items for repair are demonstrated in figure 
6.30.

It can be seen that the material is held at many instances waiting for the next process, it 
also highlights the different routes each item can move given the requirements. It was 
noticed throughout the observations that there were just as many received items for 
production as there were for 'FAO'. It was also noticed that many items were inspected 
as per company requirements.

It was thought that to analyse this further a PAM could be created to quantify the 
inspection processes and those non company specific items. Figure 6.32 shows the 
PAM.

The activities on the map were divided into the type of processes and a key was created 
to segregate the processes for analysis. The data were taken from the flow diagrams and 
the PAM was created around the same functions. Times were only measured roughly 
through observations and again it was necessary to consider the cultural impact should 
accurate information be taken.

The map from the initial investigation contains many inspection processes through to the 
receiving processes, however the time constraint seemed to be around storing the 
inventory. It was also assumed that all operations were an actual process, however not 
necessarily a valued added process. It was thought that this type of analysis was already 
discussed within Stage 4, and it highlighted the need to move on through to Stage 4 to 

analyse some of the information gathered.

The current state culture was also benchmarked and is shown in figure 6.33 which 
demonstrates the table created to determine the cultural state. This table was used to 
classify statements according to the relevancy of the current state culture. This 

information was generated from process observations.
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Parcels Arrive

Operator counts
number of boxes in

consignment

I
Operator confirms that 

the consignment
number details on the 

box's matches the 
couriers paperwork

Operator signs the
couriers paperwork &

takes receipt of
material

I
Courier & consignment
details are entered onto
the 'Goods Receiving

Access Database'

Material placed in the
appropriate area to
await unpacking/

processing

Figure 6.26: Goods receiving take receipt of material

238.



Parcels Arrive

1
Goods confirmed to

Order/Inspection
Requirements

I
Inspection Requirements

V
Goods passed to

appropriate 
Warehouse-Store

Procured Stock Material

Figure 6.27: Goods required for production build
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stocks material in location 
of 'Mam'

i
Operator collects

material from Inwards
Goods

Operator transports
material to location as
denoted on the label

Operator swipes
barcode of location &
Receiver with PDA

Places material in 
location

Places PDA in cradle &
uploads into Stores

Scan Module

Figure 6.28: Goods passed to appropriate warehouse store
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Clarification of'End 
User'Jaer

End user contacted

I
End user collects

Figure 6.29: Goods 'for the attention of

inspection or unit/ 
Paperwork

Details logged on MRO 
Database

Goods passed to CS
IFES Store/Shop floor

loading

Figure 6.30: Units returned for repair
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By completing the table in figure 6.33, it was highlighted that the company rely heavily 

on organisational status being defined by past record achievement. It is also apparent 

that it is considered uncultured to show emotion. It was also thought from the 

completion of the table that the working environment can be controlled and exploited 

and the long term vision is not achievable as too many company changes could happen. 

It was also thought that the short term future plans are unlikely to be achieved through 

personal effort but by team effort.

The culture seen by the individual is that there are many efforts to promote individual 

personal development and this is demonstrated by the loyalty the employees have to the 

company. However, lack of radical change programs leave the company with a very 

dated cultural background, especially within operations.

Has all of (he data been collated?
- Is Ihcrc am other data required '
- Assess \\hal further data would be needed
- Ha\mg seen the process create a Irsl of other measurement requirements. 

1 rulLrMjiKi ollici business impro\email techniques lluil would aid Ihc change and add (he measurement reqinrcni
- Plan how the data will be collected
- Feed back into lo the mclhodolog> 
Is all of the data correct and reliable?

YES

Figure 6.31: Stage 3, Section IV of the proposed methodology

All of the data required were collected and no further information was needed. This case 

study did not involve complex data analysis, it was required to understand transactional 

and process waste and so the data collated were sufficient. Data accuracy was of some 

concern; however at this level of interaction it was not necessary to need detailed 

information.
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Sequence

10
20
30
40
50
60
70
80

90
100

110

120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
410
420
430

Generic
Process

CO 
CO

8
a!
0)

'a3
o
0

DC

£
aj 
75
^

CO
CO0
8
ct
T3 

CO
0) 

DC
co '•5

T3
5. 

CL

0 o co
CO ^ CO=> 8 8
? I 2
w « Q-

co

1 w
O CDDC o

si
c3

Physical
Location

c
CO 

T3
O 
O
O

C

CO•o
o o

CD

CO

o
W
.c

^

c
CO

o o
O

c
CO 

T3
O 
O
O

Description Operation Time Total Process
(Mins) Time (Mins)

Material arrives at receiving dock ( TR , 1 0
Check the handling requirements IN 5
Check aviation security requirements \ IN gf| 5
Operator counts number of box's in consignment OP 10
Check for a consignment shortage PIHHHI 5
Check for consignment damage { IN 5
Check that the consignment details correct IN 15 87
Operator confirms that the consignment number details on the box's ^» IN 1 0
matches the couriers paperwork HI
Operator signs the couriers paperwork & takes receipt of material OP 2
Courier & consigment details are entered onto the 'goods receivng OP 15
access database' __^^^_1
Material is placed in the appropriate area to await unpacking/ processing fl^^^Hf 5

Goods required for production build are held in the appropriate area __^I___i 96°
Check inspection / paperwork requirements HIHHB 10
Material that requires inspection is held ST 960
Inspect production build product if required |K, IN "^ 480
Goods confirmed to order / inspection requirements OP 1 5
Unacceptable material is held to await the CAP ST 2400
Confirm inspection acceptance OP 15
Material is received into the company planning system OP 10
Accepted material is held to pass to appropriate warehouse store H^HHI 5
Material is held ready for storage ST 480 34187
Operator from stores collects the material from inwards goods | TR 5
Assess the label requirement from the 'stock ticket' report OP 10
Check the handling requirements _m_« ^
Operator transports material to location as denoted on the label HIHIHI 1 0
Operator swipes barcode of location and receiver with PDA ^^OP^ 2
Places material in location |^_____ ^
Check whether a altenative location is required HHHH 10
Places PDA in cradle and uploads into Stores Scan Module OP 5
Material is held ready for production ST 28800
Goods 'for the attention of are held in the appropriate area ST 2400
The end user is clarified OP 1 0 24?^
The end user is contacted OP 10
The end user collects OP 5
Goods returned for repair (MRO) are held in the appropriate area ST 1440
Goods confirmed to order / inspection requirements | IN 15
Check inspection / paperwork requirements | IN 10 IQJQ
Details are logged on the MRO database ___2fL_— 20
Goods are held to pass to the CS IFES stor / shop floor g^^^| ^
Material is held ready for transportation ST 480

Figure 6.32: PAM created for the receiving processes of material

243.



•torrent State Culture Definition

- Relationships to Other People
- Rules versus relationships - The organisation uses tight 
contracts when engaged in business

- There is not only one right way; the person should act 
in a way that fits the particular requirement

- Group versus the individual - it would be expected that 
several people would attend meetings and make group 
decisions

- Single decision makers are common and decision are 
made quickly

- Lack of emotion versus show of emotion - it is 
considered uncultured to show emotion

- Specific relationships versus diffuse relationships - Are 
relationships defined to fit a specific context

- All aspects of a relationship are discussed and 
intertwined

- Organisational status is according to past record 
achievement

- Organisational status is satisfied through ascription

- Attitude to the Environment and to Time
- The environment can be controlled and exploited
- The environment is something that can be adapted too

- The organisational focus is on the future and making 
future plans
- The organisation places importance on the history and 

the past

- Time is seen as a linear, sequence of events

- Time is seen as circular, linking the past, present and 

future
- The immediate future is achievable through personal

Agree = 

Disagree

1 2 3

= 5 

= 1

4 5
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effort

- Long term is not as achievable, as too many things can 
happen

- Individual - Organisational Relationships
- Individuals can come together in an organisation 
because it furthers their own ambitions

- Individuals have little loyalty to the organisation

- The organisation instructions initiate from the top and 

work down

- The role of every individual is well defined

- Members have come together due to shared values or 

goals

- Power and Control
- The organisation has several levels of hierarchy and 

relies on a committee for decision making

- The organisation focuses on successfully completing 
well defined projects / tasks

- Influence is based on expert power and is widely 

dispersed

- Innovation and Learning
- The managers are experts in their organisations limited 
area of operation
- Management tend not to search outside their current 
areas for new equipment

- The company narrowly defines the market segments
- The organisation continually searches the market 

opportunities
- Regularly experiments with responses to environmental 

trends

- Attitude to Risk

- The organisation operates through the use of 

formalised structures and processes

- Management are reluctant to change
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- Management only react when they are forced to do so </

Figure 6.33: The current state culture classification

UNDERSTAND THE FEEDBACK AND COMMUNICATION

Figure 6.34: Stage 3, Section V of the proposed methodology

All guidelines and issues were met through methodology application and cultural issues 
were addressed through the interaction with the team. All team members were 
supportive of the analysis which allowed the data collection processes easier to obtain.

YES

K OUTPUT = THE BENCHMARKED OVERALL CURRENT STATE 2)
NO Are the answers sufficient, 

can the output be created?

Figure 6.35: Stage 3 output of the proposed methodology

The overall current state was benchmarked (figure 6.33) and it could be seen that there 
were processes within the map created in figure 6.36. The greatest process bottleneck is 
the database receiving process, however the overall process activity was Vz a working 
day. This was insignificant when measuring the overall lead time which was 6.5 
working weeks. This highlighted all of the wasted processes as the activity time was 

only 1.5% of the overall transaction.
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ERP System 
forecasts and 
requirements

530 MINS

20

1440

110

2400

1495

2400

1200

28800
Process Lead Time = 
15.8 Working Weeks

Activity Time = 
1.2 Working Weeks

Figure 6.36: The current state map
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It was also shown from the map that a large percentage of activity time was spent 

carrying detailed inspections on the items that were supplied by approved suppliers. It 

was noticed in this complex routing that a large percentage of the items packaged were 

for specific people, and therefore for departments other than production. This map was 

in a sufficient format so it would allow analysis in Stage 4. This information (figure 

6.36) and the current culture (figure 6.33) which was the output of Stage 3 was 

sufficient to proceed.

6.4.4 Stage 4 - Analysing the Technical Data and Defining the Technical Future 
State

fc
1

STAGE 4 - ANALYSING THE TECHNICAL DATA (Defining the Technical Future State) ")

j To look at the quality, material and information flow, operator flow, process flow, the layout, structures of hierarchy, delay j 
1 periods, departmental relationships through the supply chain, including the ratio of support to manual staff. 1

(<
INPUT = THE BENCHMARKED OVERALL CURRENT STATE }

\

Figure 6.37: Stage 4 heading of the proposed methodology

Using the data obtained within the process maps (figure 6.24 to 6.30, page 236 to 241) 

and the PAM (figure 6.33, page 246) including the current state VSM (figure 6.36),

Stage 4 of the proposed design methodology could be applied.

From the current state map it was analysed that there were many activities that were not 

necessary. If the company's planning system could receive material earlier in the 

process the need for the receiving database was not required. This possibly could be 

moved further upstream through reducing the number of items that require inspection. 

This is currently an initiative that the company are addressing through the addition of a 

new planning system along with the use of this methodology; figures 6.39 to 6.43 were 

developed to address these issues. Figure 6.39 show how the company plan segregated 

the company production areas; initially this allowed visibility of the company 

requirements. As the process move the delivery of the material is logged on the 

planning system Oracle, this gives immediate visibility to all concerned through Oracle 

and eliminates the current receiving database. This map shows how if inspection is not 

required the material is 'released' into Oracle ready for production, even though the
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material is not physically in stores. If required, it can be utilised once collected from 
goods in. Those items that require inspection are still held. The inspection process is 
shown in figure 6.41 again the inspection requirements are visible in Oracle as well as 
the results being fed back in to Oracle, which enables the system to act as a 
communication tool.

Figures 6.42 and 6.43 are the same processes for returned products (figure 6.42) and 
goods for the attention of (figure 6.42).

The key to reducing the inspection time is to reduce the amount of items inspected. This 
will require investigation and analysis of historical data and to move the limits on the 
specifications. This can be an external project that will have a significant impact on this 
receiving process.

Another aspect that can be considered is the amount of time the material is held in 
stores. The PAM was used to analyse this issue. The information was taken from figure 
6.33 (page 246). This figure highlighted that the overall activity was 7.2 working weeks. 
This time is fractionally different from that produced in the VSM, as the activities are 
seen as sequential in a PAM and parallel in a VSM, consequently the lead time becomes 
shortened.

By categorising the activities according to the key (figure 6.43) it allows visibility to 
analyse the data. Figure 6.44 was created to highlight the time categorisation. This 
displayed that 98.1% of the lead time was due to storage and that only 0.3% of the total 
lead time was dedicated to operations. This figure could be lower depending upon the 
definition of the operation time. It was thought that not all of the operation time maybe 
activity time. In order to identify where this storage time was most significant it was 
pertinent to identify areas to instigate improvements, the PAM was broken down to 
specific processes according to the process maps (figure 6.24 to 6.30, pages 236 to 241).

249.



Pa
rc

el
s 

re
ce

ive
d 

by
 

co
ur

ie
rs

luc
ie

G
oo

ds
 in

wa
rd

 ta
ke

 
re

ce
ip

t o
f m

at
er

ia
l

± M
ai

n

±
De

ve
lo

pm
en

t
Re

pa
irs

±
Fo

r T
he

 A
tte

nt
io

n 
O

F

Fi
gu

re
 6

.3
8:

 T
he

 re
ce

ip
t a

nd
 pr

oc
es

sin
g 

of
 pr

oc
ur

ed
 go

od
s w

ith
 th

e u
se

 o
f O

ra
cle

25
0.



Parcels Arrive

I
Operator counts

number of boxes in the
consignment

Verify consignment 
match by paperwork

i
Operator signs the

couriers paperwork and
accepts receipt of

delivery

I
Enter courier and

consignment details
into Oracle

I
Does it require 

inspection? -YESI

Material placed in the
appropriate area to
await inspection/

processing

I
NO

Enter transaction into 
Oracle

i
Goods past to 

appropriate store

Figure 6.39: Goods receiving taking receipt of material with the use of Oracle
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I
Goods confirmed to

Order/Inspection
requirements

Enter inspection results 
in Oracle

QA review

Goods passed to 
appropriate store

I
Stock procured 

material

Figure 6.40: Goods required for production build the use of Oracle
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i
Details to be logged on

MRO database 
(Service rrequest)

Goods passed to OS
I FES store/shop floor

loading

Figure 6.41: Unit returned for repair with the use of Oracle

End user contacted

End user collects

Figure 6.42: Goods for the attention with the use of Oracle
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By Operation
IN INSPECTION 
_ TRANSPORT 

ST STORAGE 
OP OPERATION

Figure 6.43: The PAM key

OPERATION 
0.3%

INSPECTION 
1.5% TRANSPORT 

0.1%

STORAGE 
98.1%

Figure 6.44: Graphical representation of the PAM by category

Figure 6.45 is a graphical representation of the material receiving process. This 
highlights that the greatest activity is the inspection process at 51.7%, another 31% is the 
operation activity. In this particular example 0% of the activity time is storage; however 
some of this activity time is the receiving of the material into the external database.

The following process is processing items ready for production; figure 6.46 shows this 
in pie chart format. This shows that 98.3% of this specific activity time is due to 
storage. This process also consists of the storing of material in stores ready for 
production. The figure actually used here was a rough estimate, some items however 
can be required almost immediately, although the most common path is that items are
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planned to be held for as long as possible to compensate for failure and long supplier 
lead times. The percentage of time for operation seems insignificant compared to the 
amount of material stored.

OPERATION 
31.0%

STORAGE 
0.0%

INSPECTION 
51.7%

TRANSPORT 
17.2%

Figure 6.456: Graphical representation of the material receiving process

OPERATION 
0.2%

INSPECTION
1.5% TRANSPORT 

i /' 0.1%

STORAGE 
98.3%

Figure 6.46: Graphical representation of the production ready process
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Storage is the main activity in the 'goods for the attention of process (figure 6.47) with 
99% of the activity time; however this is small in comparison to the storage time in 
stores. Similarly, this is the same for the 'unit returns' process (figure 6.48). In all 
instances the operation time is negligible in comparison to the categories.

TRANSPORT 
0.0%

OPERATION 
1.0%

INSPECTION 
0.0%

STORAGE 
99.0%

Figure 6.47: Graphical representation of the goods 'FAO' process

OPERATION 
1.0%

INSPECTION
1.3% TRANSPORT 

0.3%

STORAGE 
97.5%

Figure 6.48: Graphical representation of the 'unit returns' processes
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Figure 6.49 was created to highlight that the main issue regarding storage and the time 
consumption was within the production ready processes, 88.6% of the overall stage 
function was due to this. This was a significant issue when trying to reduce the 
transactions and eliminating waste within the processes.

UNFT RETURNS 
PROCESS

5.1%
END USER
SPECIFIC
PROCESS

6.3%

MATERIAL
RECEIVING
PROCESS

0.0%

PRODUCTION
READY PROCESS

88.6%

Figure 6.49: Graphical representation of the storage activity by process

Section I was used to identify significant changes within the current state map. 
Understanding the product demand was applicable as this process was dedicated to 
receiving the material as dictated by the supplier which was agreed with buyers as per 
the production requirement. This process was completely standardised and so the 
change in demand to level the process was minimal. The value added and non value 
added activities were analysed above with the use of the current state map, PAM and 
process maps, however the facets of continuous flow were yet to be fully considered. It 
was thought that issues of inventory could be eliminated with a two bin replenishment 
system. This would eliminate any long term stock holding issues, which would increase 
the stock turn and hence improve the issues around component life cycle warranties on 

faulty items.
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1
SECTION 1

• Analyse the detailed technical current state data through micro mapping concepts at department le\el.
- \ii;iKsc tin need loi llic piodiKl and llic dcm;md 
- Introduce a decoupling point if neccssan 
- Standardise the s\ slcm prc\ ious to (his point 
- Slud> the value added and non-\aluc added flou including the (low of the product process and operator 
- Create continuous flou where appropriate 
- Reduce the batch quantm

- Reduce the set up and change o\cr times 
- Introduce kanban and supermarket pull s> stems 
- Rc-schcdulc the process to pull the products through the svstcm

- Anal) sc the sv stem uv ailability for the specific chosen product / product family 
- AnaKsc the information flow 
- Increase shipments to and from the system 
• Analyse the paper flou and support to the system.

Studv HH qu.-ilih

- SlmK tin. pio^swoiiliol

1 Oii 11 Ilk I-MK ,.l 1, ,\..lk

• Stud> the results of the required work.

- Target initial areas 
- Create a list of impro\cmcnts that arc harder to achic\e • kai/en improvements 
- AnaKsc these improvements to create individual projects

1
Figure 6.50: Stage 4, Section I of the proposed methodology

The items are received in packages and unpacked if necessary, so considering batches is 
not required. It has already been decided to use kanban and pull sequences can be used 
for the storage of material. The material can be triggered to the supplier when required 
and the material can be received as best suited. The scheduling of this process will be 
defined by production; however this will have to be forecast to the suppliers. They will 
have to be planning for this system as the suppliers have to agree to these processes.

Having a more reactive system such as a material bin replenishment system enables 
more shipments from the process, however it replies upon a stable system. The 
company's MRP system will enable information flow and a paperless workflow 
environment. Issues related to quality are mainly supplied faulty goods; this process is 
being looked into externally and is beyond the scope of this case study.

Initial areas to target will be;

• The need for inspection on items

• The elimination of the receiving database
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• Producing level forecasts to suppliers and get agreements to relate to material 
replenishment requirements

• Initiate a bin replenishment system for production to pull the material 
through

Analyse the holistic technical data.
• \nal\se each dep,irlniei to create llie
- Ke-asscss issues; he fkm. qualm limes etc through the s\ -item to reduce llie distortion ofiiiietjrating subgroups.
- Anah sc Ihc suppliers ol natcrinls
- Understand Ihc supplier base and look to reduce
- Improve the supplier-bu cr relationship
- Aiiah se the dala for pos iblc integration either vcrlicalK or hon/onialh
- Understand the relationship of the logistics uilh the product life c\clc
- Ma\bc restructure Ihe s>slcm to impro\c ihe logisncs
- Also include Iran s portal ion logislics
- Ma> be introduce Ihc concept of \ irlual u arcliousing

n.iKsc llic supp»»rtcd departnieiil^ b\ slud\ ing llie raii<* of manual staff to support emplo\ ^

NOAre other sub departments 
required to be analysed?

Does the methodology need 
to be used in a sub project?

Figure 6.51: Stage 4, Section II of the proposed methodology

This section was completed to understand an enterprise view, as this project was specific 
understanding departmental roles this section was not applicable. Due to the nature of 
this study, working with the suppliers is crucial which has already been addressed prior 
to this section, Chapter 5. This was the case for many of the guidelines within this 
section. One facet that was considered was the number of staff required to support this 
process. A particular issue is that within the company people have very defined roles and 
it was thought that job flexibility may have to be addressed to ensure redeployment. It 
was felt that no further sub departments were required to be analysed and that no further 
information was required.

The associated risk and cost is again minimal in comparison to the benefits gained. The 
greatest risk is gained by the acceptance of those involved; the success of this project is 
dependant on the team involvement and acceptance. The costs will largely be associated 
with facility realignments with the change in process flows and material management.
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SECTION III

• Analyse the technical current state through different management ideas.
- ( rejte risk ,ind i.osl ,m.il\ sis dOLUllK'iiUiliOM

- Look al UK cosb and risks itssocialed \» illi re slmcluring (lie s> stem due lo the pin sical changes
- (.re ale improved slraiegics
- Create nc\\ \\ork and organisational breakdown structures

Figure 6.52: Stage 4, Section III of the proposed methodology

To minimise cultural resistance the people affected have been key stakeholders within 
this project. This will allow maximum acceptance but will also train the team in the new 
working environment. No further involvement is required and so the use of work 
breakdown structures appears to have minimal benefit.

SECTION IV

• Is the technical current stale as good as the process can do?
- Understand \\hcrc [he current stale can impro\e

- Feedback into the methodology

YES

NO

Figure 6.53: Stage 4, Section IV of the proposed methodology

Another MBEVI that has been used is the 7 wastes, in this current state map there are a 
lot of transactions throughout the receiving department. This theory was used to reduce 
these transactions through analysing the wasted transportation, motion and inventory. 
No further information was required to create the future state map.

1
SECTION V CREATE THE TECHNICAL FUTURE STATE-——————————————————J 

Figure 6.54: Stage 4, Section V of the proposed methodology

Figure 6.56 highlights the future state map created. It displays reduction of transactions 
as well as a reduction in lead time. It can also be seen how the whole process can be
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totally transformed enabling better communication with the suppliers, in turn this will 

create a more responsive system internally as well as externally.

i
SECTION VI

• What arc the significant technical changes?

- Highlight the reduced lead-tune and the reduced ration of process lead-time to process actmt> lime

- Shou ho\\ the material and information flow has improxc. to reduce associated costs reduce the associated space has effected the lead- 

time
ihrouuh .ill ol llu un;ilm*> .'I ik hii-UK-*. imi.r..xoiKm mvllimH

Figure 6.55: Stage 4, Section VI of the proposed methodology

One significant change on the future state is that it consists of one main transaction, this 

transaction receives all material. However, future improvements will have to consider 

not inspecting all received material; this will require setting up agreements with the 

supplier to increase the quality of the material. To enable this, more analysis is required 

on faulty material, the actual percentage of faulty material received will have to be 

measured and whether it would be possible to only carry out inspection on specific items 

with previous history problems would have to be established.

This receiving process will be significantly reduced if the items could be shipped from 

the supplier to the shop, but again this requires certain prerequisites. These would 

include the agreements made with the suppliers, along with the company regulations on 

suppliers being able to access the production areas, as well as the regulations on 

suppliers undertaking receiving transaction within the company ERP system. This 

system also has to assume that it can only be used on common highly used and 

inexpensive components, as these items can be purchased from a small select number of 

suppliers if not one supplier.

There will still be items that are for the attention of specific people as well as those items 

that are supplied faulty, which is inevitable. However, by having a better relationship 

with the supplier as well as better communication internally the times for those 

production processes will be reduced.
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The most significant change will be within the stores and production areas. Stores will 

be eliminated along with the processes within, such as kitting. Instead of these processes 

a two bin replenishment system will be introduced. This puts the material on the shop 

floor where it is required at the point of use. This enables the production staff to take the 

material when required rather than planning ahead and purchasing, storing, kitting and 

holding the material in advance of the planned requirement. To enable this system, there 

have to be a number of changes to the current system for example, the factory floor will 

require changes to accommodate this system, as well as the way in which production 

processes are planned and supported. Other considerations have to be the depletion of 

material within the stores area to allow this space to the shop floor.

The material in this bin system will hold an average of five weeks worth of inventory, 

which will be a fraction of the average time that material is currently held; this will 

create more stock turns. Overall the future state has enabled 63% reduction within the 

transaction time. The WIP has also reduced by 63% and the lead time will reduce by 

64%. However, there will be a dramatic time reduction within the activity time, which 

will reduce by 82%. It can also be seen in figure 6.57 how the number of operators have 

also reduced by 53%, these people can be deployed elsewhere within the production area 

managing the two bin replenishment system. The overall results and requirements can 

be seen in figure 6.57.

[ Current State

L
I No. of Operators

|jfc
I^B:

if

Delivery Receipts 
Database Receipt 
Person Specific Items
Detailed Material Inspection & ERP Receipt 
ERP Receipt 
Unit Returns
Incorrect Material Return
Material Received In Stores
Material Handlers
Total

No. of Transactions
No. of Material Movements

Activity Time
Lead Time

0.5 
0.5

1
3 
2 
1
1
1
-

10
8
8

5.86 Hours
15.8 Weeks

Future State

1

2 
1
-
-
3
7
3
2

0.75 Hours
5.1 Weeks

Figure 6.57: Benchmarking data from the current to future state
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SECTION VII | i
Is the data validated arc the sources reliable?

VMicrc llmsihk oillM MIC J:iliF in;iim;illi

YES

Figure 6.58: Stage 4, Section VII of the proposed methodology

All information that was required was collected previously and the sources of data 
collection were assessed at that point in the application process.

i
SECTION VIII

UNDERSTAND THE FEEDBACK AND COMMUNICATION

Figure 6.59: Stage 4, Section VIII of the proposed methodology

Further analysis could be carried out to investigate the number of faulty items received 
as well as to assess the need for inspection. However, due to time constraints this can be 

undertaken at a later date. The new processes remain the same, but the process time may 
extend to accommodate this until investigation.

YES

NO

OUTPUT = THE TECHNICAL FUTURE STATE

NO Are the answers sufficient 
can the output be created?

YES

Figure 6.60: Stage 4 output of the proposed methodology

No further information was required and the answers were sufficient in the stage to 

proceed in the methodology application. The technical future state was shown in figures
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6.56 and 6.57 and the reasons and justification of this change were discussed. A 

comparison between the current state and future state was made and the difference 

benchmarked.

6.4.5 Stage 5 - Improving the Results and Defining the Optimum Technical 
Future State

f

(
STAGE S • IMPROVING THE RESULTS (Defining the Optimum Technical Future State)

To understand how the results from the technical future state can be improved through simulation modelling including 
verification and that the suggested improvements from the technical future state are achievable.

)

)

\
INPUT = THE TECHNICAL FUTURE STATE

)

Figure 6.61: Stage 5 heading of the proposed methodology

It was decided that simulation modelling was not necessary. This case study involves 

investigating the process transactions and eliminating excess motion and material 

handling prior to production. The purposes of simulation modelling are to verify a 

process and validate those suggested improvements. The timings in this study are rough 

estimates of the process from process walks. The results from simulation modelling are 

only as realistic as the information placed within. Simulation modelling would have 

been beneficial to understand and test the future state, however creating the model would 

be time consuming and there are many prerequisites prior to implementation. By 

analysing the situation, it was decided that modelling the future state was unbeneficial 

due to the time and resources required.

This case study also had many dependencies and as a result it was clear that the best 

method was to move onto the next stage to analyse the cultural needs to enable the 

project strategy for implementation.
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6.4.6 Stage 6 - Analysing the cultural data and Defining the Overall Future State
1r , ————————————————————————————————————— N A

f STAGE 6 - ANALYSING THE CULTURAL DATA (Defining the Overall Future State) J

[ By analysing the Cultural Data the Future State that has been created Technically can again be reassessed to include this | 
1 Data. Therefore increasing the Rate of Success 1

C INPUT = THE OVERALL TECHNICAL FUTURE STATE ")
v . ... S J

1
SECTION I | f 01 1 Alh tl I f IIHHI-M < in HiHf IHIA ( ni i K Tfmmmi (;IKIIII

|

Figure 6.62: Stage 6 heading and Section 1 of the proposed methodology

All of the technical data were created and are shown in figures 6.56 and 6.57. This 
stage was used to analyse the cultural environment, so the data were collected 
throughout and figures 6.11 (page 226) and 6.33 (page 243) were used as well as any 
cultural data collected throughout via the feedback and communication key.

i
SECTION II

t bus
Analyse the current state culture.
- Understand through the data collected and the classifications made about the c 

\nalysc llic culture on business impro\cmcnls and change 
Investigate the thoughts and emotions of the people the change effects 
Introduce cmplo\cc empowerment and self motivation 
Understand the needs of those cITcclcd. i e self esteem, social needs as well as salct> a

- Stud} \vh\ the people ha\c reacted the \\a> lhe> ha\c
- Mavbc the reasons arc though security , patterns or commands, status auihoni>. power
- Need to consider \\lial things arc said and how lhc\ arc said
- I n\ csugatc the cause and cITccl on cinplo> ecs reactions to certain change
- Understand and apph concepts on the behaMOur of people through transaclional anaUs 

(r:\plorc multiple possibilities and approaches instead of pursuing a single approach 
F:\pecl that the techniques used lor changing concepts and perceptions can generate ne 
Help people to change their thinking in order to support changes 
•\nph sc the feedback dnt.i from the opernlnrv and compare thai Iron* the mnnnycmcnl f

l needs 

hips

^ to impro\c the qualilv of coinmuiucatK

YES

Figure 6.63: Stage 6, Section II of the proposed methodology

The cultural environment creates little concern, whilst the two main functions in this 
study, receiving and storing material work together. There appears to be cultural divides 
throughout the differing functions on site. Currently, the site operates in silos within the 
functions. There are also divides through job roles and tasks, roles and responsibilities
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are defined and so cultural unfreezing is required to enable ownership and empowerment 

which will in turn close this functional divide.

This technical future state created some dramatic changes that require cultural changes 

to enable the case study success. The change is being driven from senior management 

and the immediate workforces are fully supportive of the changes. This project plans to 

train the workforce to understand the tools available to use and to reiterate the potential 

gains and benefits.

It was ensured that all data that has been collected to date has been through the 

knowledge of all stakeholders and that hasn't been so specific that it becomes time 

consuming. The feedback from the team was their concern of the introduction of a new 

process that would run concurrently to the existing processes. Otherwise the team were 

unhappy with their working environment.

The main concern from the current culture that was collected in figure 6.33 was 

regarding the lack of change in projects that occur within these functions. This leaves 

the processes being out dated and less responsive to change. These results also 

highlighted that the current culture is one where the work force are told about which 

business process will change and how. The key to the success of this project is to enable 

the workforce to be a part of this project and allow them to make the changes and take 

ownership of the new system. This has been achieved through this methodology by 

introducing the stakeholders into the change process and creating the new environment 

with them.

SECTION 111 | . Kh All- IMtmiKI. MAltClLII HI

I

Figure 6.64: Stage 6, Section III of the proposed methodology

The future cultural environment that will be created can be seen in figure 6.65. This 

figure highlights the specific changes and sets a direction of change to work towards. 

These changes were based upon the workforce within the functional areas rather than a 

holistic site view.
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Current State Culture Definition

- Relationships to Other People

- Rules versus relationships - The organisation uses 

tight contracts when engaged in business

- There is not only one right way; the person should act 

in a way that fits the particular requirement

- Group versus the individual - it would be expected 

that several people would attend meetings and make 

group decisions

- Single decision makers are common and decision are 

made quickly

- Lack of emotion versus show of emotion - it is 

considered uncultured to show emotion

- Specific relationships versus diffuse relationships - 

Are relationships defined to fit a specific context

- All aspects of a relationship are discussed and 

intertwined

- Organisational status is according to past record 

achievement

- Organisational status is satisfied through ascription

- Attitude to the Environment and to Time

- The environment can be controlled and exploited

- The environment is something that can be adapted too

- The organisational focus is on the future and making 

future plans

- The organisation places importance on the history and 

the past
- Time is seen as a linear, sequence of events

Agree = 

Disagree

1 2 3

= 5 

= 1

4 5

N/

X
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- Time is seen as circular, linking the past, present and 
future

- The immediate future is achievable through personal 
effort

- Long term is not as achievable, as too many things can 
happen

- Individual - Organisational Relationships
- Individuals can come together in an organisation 

because it furthers their own ambitions

- Individuals have little loyalty to the organisation

- The organisation instructions initiate from the top and 

work down

- The role of every individual is well defined

- Members have come together due to shared values or 
goals

- Power and Control
- The organisation has several levels of hierarchy and 

relies on a committee for decision making

- The organisation focuses on successfully completing 

well defined projects / tasks

- Influence is based on expert power and is widely 

dispersed

- Innovation and Learning
- The managers are experts in their organisations limited 

area of operation
- Management tend not to search outside their current 

areas for new equipment
- The company narrowly defines the market segments

- The organisation continually searches the market

X/

mi^m •+•

X/

X

s/ 

X

^

N/

-^

^

x/

N/

v/
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opportunities

- Regularly experiments with responses to 
environmental trends

- Attitude to Risk

- The organisation operates through the use of 
formalised structures and processes

- Management are reluctant to change

- Management only react when they are forced to do so

N/

X

Figure 6.65: The current cultural environment and the future cultural aims

This figure highlighted that there would be many changes within the area. It was 
thought that the working environment should work towards having group decisions to 
discuss the topics. It was also considered important to move towards a more flexible 
environment, to encourage job rotation and to ensure the processes meet with the 
customer demand. This also requires the people to believe and behave in a manner, so 
communication and successful relationships is the key to an empowered work force. It 
was felt that the key to implement the changes in the current culture was to realign the 
business by product families, technology and processes to eliminate the functional 

divides.

i
SECTION IV

How does this effect the technical future state?
- Docs the tixhmca! future slalc need adapting '
- Feedback into the s>slcm \\hcrc appropriate

YES

Figure 6.66: Stage 6, Section IV of the proposed methodology
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The technical future state does not need adapting as the future cultural environment 

supports these ideas and is based upon this knowledge.

i
SECTION V ( REATE THE OVERALL OPTIMUM FUTURE STATE

SECTION VI
UNDERSTAND THE FEEDBACK AND COMMUNICATION

YES

NO

OUTPUT = THE OVERALL THEORY OF THE OPTIMUM FUTURE STATE

NO Are the answers sufficient, 
can the output be created?

Figure 6.67: Stage 6, Sections V, VI and output of the proposed methodology

All guidelines have been satisfied and completed with this stage. The cultural factors 

have been extensively discussed. Further information is not required as all sections and 

guidelines have been met.

6.4.7 Stage 7 - Create a strategic plan
The project objectives have remained constant throughout and the design changes to the

system have been reasoned and justified as required through the methodology. These 

documented changes can be seen throughout all of the figures in this chapter. The 

mission and vision that has been created can be seen in figure 6.69. This highlights the 

important factors that were required to ensure project success for a changing 

environment and gives an end goal.
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I

[ A Strategic Plan of all of the new concept to aid with the Implementation Procedure. The Plans will be structured to involve ]
1 all affected by the Project and milestones are to be created for small achievable goals. 1

f INPUT = THE OVERALL THEORY OF THE OPTIMUM FUTURE STATE ")
s. J

j
SECTION 1 |

• Refer back to the project definition.
- Him has ihc projccl e kinged '

- Document ihesc changes 

- Define ihc mission statement 
- Define Ihc vision 

• Have an input from the internal stakeholders.
> 1, , 1 tit, v ili< •-, \ uK , il. 

• ,il.. .ks.pu'liasc 

- Make cluni>cs if necessary 
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• What is the relationship « ith the external stakeholders on the improvements. 
- Assess ihc fuuncuil rvkilionships 
- \sscss ihc a'l.ilio slnps \\ nh the suppliers and ihc cusiomcrs 

• Highlight the goa and objectives of the strategy. 
- Take ihc Ihcon ; d di\ ide into ntuuigeable si/es 
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^-~****^'^ ^^~^*^--^ YES 
J^^"*"^ Is more information ^"----^

"*~**~**~*^^^ required? ^^^---^^ 

NO^T

^

^

Figure 6.68: Stage 7 heading and Section I of the proposed methodology

The creation of the design has included all concerned throughout the methodology 
application. So no further changes are required to the final outcome and the strategic 

plan has been derived.

There is minimal financial concern as all changes are internal and concerned with 
reducing the number of processes and transactions as well as driving down stock to 
increase stock turns. There will be small costs associated with buying more efficient 
storage systems and co-locating this on the shop floor. There are greater financial costs 
related with the implementation of the new planning tool, however these costs are 
beyond the scope of this project and there are initiatives already addressing these issues, 

as well as the supplier base reduction,

The case study objectives and goals were created from the technical and cultural 
designed future states. Figure 6.70 shows the division of the technical future state into 

sizeable objectives.
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Mission
BAE System is a world class leader in the Aerospace Industry. The mission of 
the investigation is to improve the communication and standards of supplier 

relationships, to create a more efficient process that will benefit the customer. 

This can only be accomplished if we eliminated unnecessary transactions and 

material handling throughout the site especially prior to production.

Values
People: People are sources of strength that create the value to the 

processes. Empowerment and teamwork are the key to 

this success

Products: These should be created with the best effort which will 
ultimately affect the quality provided to the end customer. 
The products and service are how the company are 

viewed.

Profits: These are the overall measure of success; however have 

little purpose without people or products. Profits are 

required to survive and grow.

Figure 6.69: The project mission statement and values

The map was created into three loops: one for the pacemaker process, which was used to 
study the finalising processes of the map including the customer requirements, another 
loop was derived for the actual process transactions and a final loop was drawn for the 
supplier interaction. The divisions of these loops were used to create more specific 

detailed goals and objectives.

Figure 6.71 shows the map divided further to create objectives within these loops. 
There are nine main objectives created and figure 6.72 displays a table of theses 

objectives and it discusses the requirements, enablers and dependencies.
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Planning System

Need

Enablersfor 

this study

Dependencies

The current system is supported and out of date - External initiative

Kanban material replenishment

Common inventory

Supplier communication
-

Levelled Schedule

Need

Enablersfor 

this study

Dependencies

Understanding the end customer requirements and levelling these 

requirements

Better planning of the needs with regard to resources and capacity

Locking down those requirements and communicating these to the 

supplier as well internally

Kanban material replenishment

Better understanding of the customer requirements

Better relationship with the supplier - Supplier agreements

A clear planning system

Clear customer requirements

Collocated Material

Need

Enablersfor 

this study

Dependencies

To reduce the number of material transactions prior to production 

well as reduce the amount of material stored

as

Drives down and depletes material

Ultimately eliminates stores

Greater stock turns - A customer requirement

Pulling of material when required instead of pushing the material to 

production through kits

Better response to customer requirements

Requires facility layout changes

Supplier strategic agreements to reduce supplier lead time

A levelled schedule to calculate bins sizes

Roles and responsibilities definitions for material movement processes

On the new planning system for triggering the need to the suppliers
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Supplier Receiving Processes
Need

Enablersfor 

this study

Dependencies

To allow the supplier to hold material and carry out the receiving of 
material on site when required accordingly to the kanban 
replenishment system

Moves from 'dock to stock' to 'dock to shop'

Less inventory being held for the company

Less transactions for the company

Reduced inventory costs

Collocated material

Better supplier relationships

Supplier strategic agreements

New planning system to allow the visibility of the material 
requirements

Facility layout and design

Roles and Responsibilities - External Initiative
Need

Enablersfor 
this study

Dependencies

Introduction to new processes and tasks require new/different roles and 
responsibilities

Material movement in a kanban environment

Supplier receiving processes

Collocated material process definition
Supplier receiving process definition

Union requirements and procedures

Supplier Returns

Need

Enablersfor 

this study

Dependencies

To reduce the lead time and processes to return faulty goods back to 

the supplier

Supplier receiving processes

Better material replenishment to the shop floor

Re-establishing the quality constraints

Requires a clear process definition
Better detective techniques - better receiving processes

FAO Process
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Need

Enable rs for 

this study

Dependencies

To clearly identify those items, mainly bespoke for development lines
Reduced process times

Clear understanding of those packages for production and the kanban 
replenishment

Upon better receiving processes
Clear labelling system

Receiving Process
Need

Enablersfor 

this study

Dependencies

To reduce the processes, transactions and material handling
To reduce the constraints of material inspection
Reduced process lead times
Reduced material being inspected
Being more responsive to kanban requirements

Upon supplier relationships

Upon the history of the item quality and the measurement of

New planning system for receipting processes

Supplier Agreements- External Initiative
Need

Enablersfor 

this study

To communicate better to the suppliers, through agreeing long term, 

greater business opportunities and working with the in house material 

replenishment system

Reducing the supply base
Reducing supplier lead time

Better in house processes, receiving and material replenishment

Kanban material replenishment
— ——— — -- — - — - ———

Figure 6.72: The detailed breakdown of the goals and objectives

i
SECTION 11 DOC 1 MEM THE STRATEGIC PLAN

Figure 6.73: Stage 7, Section II of the proposed methodology

From figure 6.72 the strategic plan was easily created and can be seen in figure 6.74.
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DATE

V.S LOOP

Q. 
r>

PACEMAKER LO(

Q. 
O

PROCESS LO

SUPPLIER LOOP

May-08

GOAL

PLANNING SYSTEM
A new planning system 

enhances and enables many 
new processes

LEVELLED SCHEDULE
A levelled schedule will clearly 

indicate the end customer 
requirements, the schedule 

can be levelled for 12 months 
and locked in place for 

Smonths and then review 
after this period. This creates 

a stable inventory turnov

COLLOCATED MATERIAL
Collocated material will be 

more responsive the 
requirements of product

ROLES AND 
RESPONSIBILITIES

ntroducing different roles and 
responsibilities the workforce 
aecome more flexible to meet 

the manufacturing needs.

This process aims to reduce

system transactions and 
material handling. This in turn 

reduces the dock to stock 
lead time.

FAO PROCESS
Identifing those items that are 

bespoke for development 
lines separate from 

production elevates the lead 
time for the receiving of main 

production items.

SUPPLIER RETURNS Better 
communication between the 
company and the suppliers 
will reduce the number of 

returns.

SUPPLIER AGREEMENTS
By reducing the supplier base 

and working with the 
suppliers, through long term 

agreements, there are greater 
business opportunities for in 

house material inventory 
designs.

SUPPLIER RECEIVING 
PROCESSES

Allowing the supplier to hold 
material and carry out the 

receving transactions

• : : ..:.:•.•...•.- . '•.,;;||fi^^^^|ffl|;i :,,'•:- • ; : •<•'..; :.••• •",;.7^p^^!^^^Sfe»«i^^il. ••'.-.-•• • •'

VALUE STREAM OBJECTIVE MONTHLY SCHEDULE - 1st Phase 
1 2 3 4 5 6 | 7 8 9 10 11 12

This is an external initiative that affects this project and enables many processes.

Understand the end customer requirements.

Level these requirements.

Lock these needs for a set period of time.

Investigate better planning of these needs, 
capacity and resources.
Communicating these requirements with the 
suppliers.
Communicating these requirements 
internally.
_evelled schedule created and 
communicated.

Create plans to review continually.

Understand material supply requirements.

Understand material supply system.

Create facility layout changes.

3ut in place material replenishment system.

Address planning changes.

3ull material.

Drive down and deplete stores.

Elimination of stores.

Reduce the number of material transactions 
prior to production.

Reduce the amount of material stored.

Collocated material on the shop floor being 
pulled from the supplier.

•— *•

—— +

—— »>

^^^^^ —— *

-»

— *

—— >

•
This is an external initiative that affects this project and enables many processes.

Understand the current receiving processes.

Reduce the number of non production 
specific material.
Reduce the number of items being 
nspected.

Reduce the number of system transactions.

Reduce receiving processes for low cost, 
ligh volume items.
Investigate and understand the supplier 
applications.

Reduced lead time for items in production.

dentify the split between development and 
main production items.
Have clear identification for the separate 
items.
Create a system for those that are 
development items to received automatically 
and a notification sent to the relelvant 
person.

Improved system for the FAO process.

Having established agreements and better 
reciving processes, faults will be recognised 
earlier and the process for returns will 
quickier. Due to these reasons this objective 
is seen as a 2nd phase improvement after 
'levelled schedule', 'co-located materi

——*

— *

"*

— —+

-

^^

This is an external initiative that affects this project and enaDles many processes. •

This process is dependant upon many 
factors such as; supplier agreements, 
collocated material on the shop floor, new 
planning system and facility layouts. Due to 
these reasons this objective is seen as a 
2nd phase improvement.

i ^+

REVIEW 
DATE

Dec-08

Aug-08

Nov-08

Aug-08

Sep-08

Jul-08

Apr-09

Aug-08

Apr-09

Figure 6.74: The strategic plan
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SECTION 111

Analyse the plan.
- Assess ihe risk riciors on each niiprxnuinvin
-1 .iluilatu llic .issocuiled eosi
- Assess I he fiKlors ol cosl compared in llic eflixi ol ihe mipait ol itie nnplciiioii.iiion .UK! llic benefits
- Crane ;i \vork brvakdo\\n slniclure

I Ml,, nil i I I ill- Dlllk llll|>l. Ill, II III.,n Pi ill, ,M,|M'U .l^iuUU slllKlllK'

- Also create the organisation bnuikdoM u structure
- DIM II v- MltMMll Iv lilt .Jl.illV, .11-1 lit- 11. i'|il. ^^ ll,. »lll Jn- > Ilk Jl.llliV

- Can die business pmfa from these projcci iinpro\cmcnts''
- Assess the durubiln\ of llic iinpro\ciiicnl

- \n.il\ sc ihc lnuisp;in:nc\ ;md rephc;ihilit\
- ( .111 ilicsc iinpro\cnicnK he ticiicriv .utd .ipplicd in oilier .ne.is

YES

Figure 6.75: Stage 7, Section III of the proposed methodology

It can be seen from the plan that some initiatives are external to this case study such as 
the introductions of the materials planning system, creating new roles and 
responsibilities and creating the supplier agreements. These are all initiatives that affect 
this case study and they have high dependencies and links. However these just need to 
be continually reviewed to ensure how they affect the other initiatives.

There were other proposals within the loops that were second phase implementation, 
however they were also very dependent on other initiatives. These second phase 
objectives were supplier returns and supplier receiving. The supplier returns objective 
was dependant upon the new receiving proposal. Depending on how the receiving 
process was changed in turn depends on when items will be rejected, from this the 
procedure can be revaluated. With regard to the supplier receiving process, the supplier 
strategic agreements have to be in place prior to the supplier being visible on site.

The other objectives were completed in the strategic plan. It can be seen in figure 6.74 
that a timeline was created for the 'levelled schedule' objective. It was planned that over 
the first few months the end customer requirement would be established and understood, 
these requirements would be levelled. By also engaging the suppliers, the company's 
resources and capacity could be understood. From this, the levelled schedule could be 
locked down for a shorter period of time to reduce fluctuations in inventory. Once this 
had been established, this information could be communicated throughout the supply
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chain after it would be seen necessary to review the process to create plans so that they 

could be rolled over the following three months.

A timeline was also created for the co-location of the material on the shop floor. It was 

thought that the initial stage would encompass understanding the current processes and 

systems, as well as testing the desired replenishment system. Having investigated and 

planned the facility, changes in the replenishment system could be put in place given 

that the schedule is levelled. With the planning system conforming and some strategic 

agreements have been addressed with the supplier the system would be ready for 

implementation. The two bin replenishment system can pull the material when required; 

this is opposite to the traditional methods of planning and pushing material through.

As time continues, the next stages were to deplete stores and ideally eliminate. Whilst 

this initiative is being carried out it will be important to ensure best practise on all 

material handling transaction and processes to only conduct what is necessary.

Other objectives that could be carried out in this first phase were receiving and FAO 

processes. The receiving process would work simultaneously with the co-location of 
material objective. Again the first goal is to understand the current processes, from this 

separate goals were created to look at specific issues such as;

• Reducing the number of non production specific material

• Reducing the number of items being inspected

• Reducing the number of system transactions

From these results there would be a reduction in the receiving processes lead time. 

However, it would also be necessary to understand what the supplier can provide for the 
company. By investigating the opportunities, a more advanced receiving process will be 

in place to support the bin replenishment system.

The final first phase objective is the 'FAO process', the main concern here was the issue 

with the time spent establishing a contact for the items. A particular advantage for the
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development products would be the receiving transaction and personal notification for 
the recipient.

The associated risk for these first phase objectives are minimal. These objectives are 
mainly about understanding the current condition specifics and investigating the 
outcome. The difficulty is that all of the objectives are interlinked and dependant upon 
each other which makes sequential implementation hard to plan. The cost is also 
minimal in these first phase plans; however initiatives such as the implementation of a 
new planning system and agreements could be costly due to the project scale and impact.

As this project is still quite immature the project work breakdown and organisational 
structures have not been addressed due to timescale. It was felt at this point that more 
information was required regarding project delegation and communication planning. 
Whilst all team members were aware and participating in this project, it was felt that it 
was necessary to create a more formal communication plan to all external functions to 
gain project acceptance. This would aid the transition in the cultural environment. This 
also needed to be addressed in conjunction with the strategic plan.

1
SECTION IV

• What is the feasibility of the project?

- Wliat is lltc financial feasibility' 
- Wlut is ihe fca&ibihh of obtaining the resources'*

I
Figure 6.76: Stage 7, Section IV of the proposed methodology

The feasibility of the project with regard to cultural conflict is a concern; however it has 
to be ensured that this does not impede the project. The way to reduce this cultural 
conflict is by including the concerned people and empowering the people to make these 

changes.

The financial feasibility is hard to quantify as it is anticipated that there should not be 
any resistance of project implementation due to financial reasons. The resources already 

obtained will be sufficient for carrying out the project plan.
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DOCUMENT I HE IMPROVED S I KA I HJC IMPKOVtMKM PI.AV

UNDERSTAND THE FEEDBACK AND COMMUNICATION

YES

YES

OUTPUT = THE STRATEGIC IMPROVEMENT PLAN

NO

YES

Figure 6.77: Stage 7, Sections V, VI and output of the proposed methodology

All of the necessary guidelines were met and the project remained true to the initial 
brief. It was felt acceptable to move onto the following stage of the methodology. No 
further information was required and the strategic plan did not need adapting, the plan in 
figure. 6.74 were put forward for use.

6.4.8 Stage 8 - Implement the Strategy

—— IV

;c ^
C STAGE 8 - IMPLEMENT THE STRATEGY ~\

fusing me Strategic Plan the theory of Die Future State will be implemented, assessing the Cultural Behaviour throughout the^ 
1 Implementation Phase. The Changes as with all Stages will be studied & documented. 1

C INPUT = THE STRATEGIC IMPROVEMENT PLAN ^

1
SECTION I |

1

•* —— 

•* ——
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SECTION II

- I ndi
- Hi

* Consider the following points when Implementing the Improvements.

IVop

ludol lliiiiLuiv

dun IK- i:ihdih ul IIL« idul-

Figure 6.78: Stage 8 heading and Sections I and II of the proposed methodology

To date, work is being carried out in the implementation of the strategic project plan.

6.5 Methodology Application Discussion

This chapter has used the methodology to apply the theory to the receiving and stocking 
of material within the customer of the overall holistic supply chain initiated in Chapter 4. 
As with all of the previous chapters, the methodology and decision making has been 
analysed through each section. Each relevant guideline has also been justified. The 
project creation has some high business level objectives, however this end goal 
highlights the need to work and aim holistically to eliminate any smaller improvements 
working in silos. This holistic business supply chain vision creates these smaller 
improvements that work towards the overall plan.

The optimum future state has many dependencies; however the key is to continue with 
the project plan and be aware of these dependencies but not to let them hinder the 
application. The discussion and evaluation of the differences between the benchmarking 
has highlighted the benefits of the tool applications as well as the association of use, 

which is due to the methodology design.
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The main benefits from the methodology application are;

• The reduction of the lead time

• The reduction of material transactions

• The redeployment of staff for new activities

• Greater inventory turns

• Better utilisation of material life cycles

• Reduction in inventory

From the benchmarking activities, the analysed improvements can be seen in figure 6.57 
(page 264), likewise the cultural changes are demonstrated in figure 6.66 (page 270). 
The next phase of this study is to move through the implementation plan and start 
engaging the stakeholders further to carry out the finalising stages of this methodology.

6.6 Methodology Justification through Application

This application of the methodology allowed a structured progression through an 
improvement initiative, which required the analysis of process flow, rather than material 
flow on the shop floor. This specific application required the use of different tools and 
techniques that were apparent in the methodology; however it had different approaches 
due to the nature of the brief. The requirement of these tools for the application were 
discussed at the time of use, likewise those that were relevant were also justified. In this 
study, there was little use of the feedback loops due to the collection of sufficient 
information. Again, this third application highlighted the ability to tailor methodology 
decisions to the case study requirements, which again has created a pathway of change 
through a given roadmap which differs from case studies one and 2.

6.7 Chapter Summary

This chapter has applied a third case study to the methodology to highlight the range of 
differing project applications. This study, unlike the other applications investigated the 
application of process flows, rather than primarily material flow (case study 2) or
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information and communication flow (case study 1). This study has investigated the 
initiating areas of the buyer's processes, to reduce the lead time of material travelling 
from the dock to shop. This chapter has highlighted the benefits of this approach and 
has demonstrated how the supplier can also profit from the buyers gain.
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CHAPTER 7 : DISCUSSION

7.1 Chapter Introduction

This chapter will summarise the findings of the literature review, as well as finalise the 

proposed design methodology. The discussions of the proposed design methodology 

applications will also be included as well as a reasoned justification for this research and 
investigation.

7.2 Discussion

The subject areas were researched given the authors previous knowledge of the 

aerospace industry and the use of traditional manufacturing systems that were executed. 

Having previously researched into new age manufacturing techniques, it became 

apparent that some of these techniques were being adopted in this industry. It was 

decided to research further into the applications and the environment known as lean 

manufacture. This concept has evolved quickly over the past decade, due to the 

recognition of the potential benefits that could be gained. This concept is no longer only 

applied to the manufacturing environment, as demonstrated in this research and hence 

the transformation to lean thinking.

The literature survey (Chapter 2) discussed particular facets of lean thinking as well as 

some apparent restrictions, thus limiting the detailed applicability to all environments. It 

was suggested from the literature survey that this concept would benefit from integrating 

particular features of lean thinking with other MBIMs, to broaden the spectrum of 

application. Some of the concepts are currently practised alongside lean thinking and at 

different stages of integration. The literature review studied these inter-relationships to 

assess the integration by comparing the concepts as they are currently practised and 

discussed. Figure 7.1 demonstrates the broad theory of the integrated hypothesis.
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SUPPLY CHAIN MANAGEMENT

Information Flow 
PULL

LEAN

Information Flow 
PUSH

AGILE
RAW 

MATERIAL
Process Flow 

STANDARDISATION
Process Flow 

CUSTOMISATION

END 
CUSTOMER

Integrated business improvement techniques throughout the supply chain

SIX SIGMA
DISCRETE EVENT SIMULATION

STRATEGY MANAGEMENT
CULTURE MANAGEMENT

Figure 7.1: Integrated MBIMs

The outcome of the review highlighted that there was no known concept that integrated a 

number of MBIMs to broaden the spectrum of applicability. This was required in the 

aerospace industry due to complexity of the environment. The aerospace industry is a 

custom made industry, that manufacture bespoke complex, highly technical components 

for specific customers; not the ideal candidate for the applicability of lean thinking 

techniques. The research highlighted that particular aspects of lean thinking could be 

applied with the added benefit of other MBIMs to create a higher rate of success.

This investigation has showed the requirement for an integrated roadmap of change that 

covers a range of techniques that all improvement initiatives can be applied. The 

requirements of the application can tailor the proposed design methodology, thus 

assessing the stages, sections and guidelines to the suitability and applicability of the 

improvement program.

The proposed design methodology is highlighted in Chapter 3 (figures 3.7 to 3.16, pages 

89 to 118). It involves ten stages of change including planning, creating, data collection, 

analysis and strategic implementation. The approach flows through the change process, 

systematically highlighting how to achieve the best outcomes and feedback for the 

system analysis. The ten stages have been developed further to create a number of 

guidelines to enable accuracy of application and to test the hypothesis.
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The first stage of the methodology involved establishing the project needs and defining 
them, as well as creating the project strategy, the options and pathways of the project, 
the future market share, and the desired outcome of the improvement process. The 
second stage of the improvement process was to plan the measurements. Within Stage 
2, the methodology works through a systematic approach of the individual business 
improvement techniques and assesses their suitability and applicability to the project 
requirements as well as the project environment. Completing the survey within Stage 2 
results in a pathway of improvement. Given the input requirements, this highlights the 
best options to select and to apply to the project.

Companies that are looking to improve a system are often not equipped with the 
knowledge of how to apply different strategies and their true implication on the system. 
This unique methodology guides the user into understanding which of a number of 
business improvement strategies to apply. This in turn has beneficial effects on the 
cultural environment.

An important factor of this stage is the integration of operational business improvement 
techniques used in many businesses. At this stage, all of the key business improvement 
concepts are evaluated for their suitability to the project. This methodology has 
incorporated a checklist facility that enables the user to select the specifics required 
through a weighting method, therefore directing the pathway of the development. By 
using this method of analysis, the user gains a better understanding of the project 
requirements as well as the improvement techniques. The integrated system uniquely 
prioritise the amalgamated changes suggested and therefore created a direction of 
physical change. From this stage a detailed data collection plan is created.

All of the necessary information is collected and then the project is assessed for 
reliability and accuracy of the data. The third outcome is the development of the overall 
current state. The next two stages (Stages 4 and 5) looked at the technical data and how 
this is analysed and improved through quality techniques and simulation models. The 
sixth stage is also very significant as it highlights the originality of the amalgamation of
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both the technical and cultural transformations, which are two very different, but highly 

important factors effecting change.

The purpose of this research was not only to understand how to integrate the many 

business improvement techniques available to transform a system, but to test the ability 

to successfully implement this integrated approach. This stage created a strategic plan of 

implementation from the design.

The eighth stage was based on a similar format to Stage 3 and implemented the strategy. 

This module concentrated on the monitoring of the cultural environment. Stage 9 was 

seen as a revision section that analysed the results from the implementation and the final 

stage was considered to be the most important as it determined the success of the whole 

project. Not only did the physical system need to be controlled but the cultural system 

also required carefully observation. However, measuring variance was only useful if the 

information is fed back into the system.

The proposed design methodology was tested through case study applications; each case 

study had different project requirements to highlight the versatility and ability to tailor 

the proposed design methodology to the case studies needs. The initial case studies 

(Chapter 4) assessed the relationship between the buyer and the supplier; this application 

investigated the operational and cultural aspects of the proposed design methodology. 

The application used holistic views to assess the needs of both companies and how the 

communication between the two could be improved to create better OTD and quality to 

the end customer. The results highlighted that in order to achieve the ultimate goal 

lower level projects within the individual companies would be beneficial in order to 

succeed across the supply chain. The proposed methodology was customised to the case 

study requirement; however this was highlighted and enabled through the flexibility of 

the proposed design methodology.

The second application (Chapter 5) was carried out with the supplier site of previous 

application. This case study involved analysis of a final production line process. This 

allowed the testing of the proposed design methodology in a different format; this 

application consisted of operational and technical improvements. This project
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requirement was to improve the process line to increase the OTD and for the buyer. 

This had the same objectives as the first application; however, the method of use was 

different due to the detailed focus. This application concluded that the improvement 

would be within the organisation of the work within the cell, the capacity of the 

production line was adequate although the demand through the cell was variable and 

thus impeded the production rate. To reduce this variation, it was suggested that 

improvements could be made by having a multi skilled and flexible team operational 

within the cell. This study highlighted the extensive use of the feed back loops and the 

ability to adapt the proposed design methodology at any given point in the roadmap. 

The study also demonstrated the ability to create, analyse and conclude on technical 

information to provide statistical results. This case study was predominately applied to 

the supplier within the aerospace industry; however the company supplys many different 

companies within the telecommunications industry. Again this highlighted the 

versatility of the application not just within the aerospace industry, but within other 

manufacturing environments

The third application (Chapter 6) was within the buyer of the initial application. This 

particular study involved analysing the information flow through the initial process of 

the buyers internal supply chain. This again highlighted the ability of the proposed 

design methodology to undertake strategical and cultural concepts. This application 

studied the material received on site and assessed how the material was received, how 

the material was stored on site, as well as how the supplier demand was communicated 

back to the supplier. The aim of this investigation was to improve information flow, to 

alleviate a silo mentality and to aim to improve the whole internal supply chain. This 

again demonstrated differing results due to differing requirements but through tailoring 

of the proposed design methodology.

Within the literature review other industries were investigated to understand the 

application of lean manufacture in particular, but other MBIMs were also considered. 

The study highlighted that within the last decade many different industries have applied 

these techniques. The proposed design methodology was designed for the aerospace 

manufacturing environment and has been applied in these instances. However it is felt 

that this proposed design methodology could be applied in any continuously improving
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environment; but it may require manipulation to apply it to any other industry other than 

manufacturing. A recommendation of this kind has been suggested in Chapter 9.

This research and creation of the proposed design methodology has integrated a number 

of MBIMs and highlights how to apply these to a development project through weighted 

values of importance. The investigation has shown that a high percentage of process 

improvement programs fail. This approach highlights the issues surrounding technical 

and cultural factors of change that are the main cause of process improvement failure. 

The proposed design methodology aims to reduce these issues by recognising that 

cultural changes are as important as the technical changes. By considering these two 

factors of change simultaneously, a more unified approach to implementing MBIMs 

within a company is achieved, therefore resulting in a higher success rate of change.

This unified approach has ensured that a number of strategies that are not currently 

synchronised can be implemented successfully. The literature review also highlights 

that the failure rate of improvement initiative programs is quite high, due to the lack of 

planning of the cultural aspects and because technical issues are easier to implement. 

This methodology satisfied two main objectives;

1) An integrated business improvement system that analyses many improvement 

concepts.
2) Implementing this theoretical design through analysing and evolving cultural aspects.

The main significant advantage gained from the methodology is the development of a 

specific development path to follow. This is likely to reduce factors associated with 

cost, time, resources and increases success rates. Having this path of transformation 

alleviates cultural issues and resistance to change, it gives the project team assurance 

that the right changes are being made in the most efficient manner, therefore allowing a 

smoother acceptance of a change initiative program. This time can be better spent on 

training and culture programs to ensure greater implementation success. All of these 

factors will aid the reduction of the lead-time of a traditional change improvement 

program.
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7.3 Chapter Summary

This chapter has discussed the reasons for the research, as well as discussing the need for 

the investigation. This chapter has explained how the work carried out has led to the 

creation of a design methodology, which has been reasoned and justified. The proposed 

design methodology has been displayed and this has been tested by a number of 

applications with differing requirements. The chapter concluded with highlighting the 

contribution to knowledge and what this proposed design methodology has proved.
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CHAPTER 8 I CONCLUSION

8.1 Chapter Introduction

This chapter will continue from the discussion and will conclude the research by 

highlighting the proposed design methodology. As well as concluding on the success of 

the proposed design methodology applications

8.2 Conclusion

The study was initiated from the research objectives and aims. The research investigated 

lean manufacturing theories and this involved investigating the lean environment 

(Section 2.3.2 (30)) and applications (Section 2.3.3 (page 31)). The inter-relationships 

of MBIM applications as they are currently practised were researched in Sections 2.4.1. 

to 2.4.6 (pages 46 - 66) and this information assisted with the creation of the proposed 

design methodology (Chapter 3 (pages 76 122)) which supported the many facets of 

the researched MBIMs (Sections 2.4.1 to 2.4.7 (pages 44 69)) including technical and 

cultural issues.

The research objectives have been clarified by reviewing all lean environments and 

applications, as well as assessing the interrelationship of currently practised MBIMs. 

This study has worked towards integrating a number of MBIMs alongside the 

fundamentals of lean manufacturing and created a clear roadmap of implementation by 

analysing the suitability, however it also supports technical and cultural issues. The 

objectives have been satisfied further by testing the methodology to diverse requiring 

case studies, thus demonstrating the design methodology flexibility.

The proposed design methodology that has been created from this research has 

developed into a ten stage roadmap of change, considering all aspects of operational, 

strategical and cultural concepts. The ten stages of the proposed design methodology are 

as follows;
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Stage 1 - Project Alignment

Stage 2 - Planning the Measurements

Stage 3 - Recording the Information and Defining the Current State
Stage 4 - Analysing the Technical Data and Defining the Technical Future State
Stage 5 - Improving the Results and Defining the Overall Future State
Stage 6 - Analysing the Cultural data and Defining the Overall Future State
Stage 7 - Creating a Strategic Plan

Stage 8 - Implementing the Strategy

Stage 9 - Measuring the Results of the Progress
Stage 10 - Controlling the Project to Sustain

This proposed design methodology (Chapter 3 (pages 76 - 122)) has been applied to 

three case studies (Chapter 4 (pages 123 - 136), Chapter 5 (pages 137 - 218) and 

Chapter 6 (pages 219 - 285)). The success of the created proposed design methodology 
is measured against the completion of the applications and as well as the type of 
application.

These applications have demonstrated the versatility and flexibility of the proposed 

design methodology, as well as ease of application. Both Amphenol UK and BAE 
Systems are applying improvement techniques and the recommendations derived from 
these applications are currently being deployed. The author has given recommendations 
to Amphenol UK as a result of this study and they have employed new staff to carry out 

these suggestions.

The author is currently working within BAE Systems to reduce inventory levels and 
increase stock turns by implementing a bin system to enable better accuracy of material 

requirements and supplier replenishments. The author is able to continue applying this 
methodology first hand, to gain advantage for the company by reducing £40 million 
associated to material held in stores as well as increase real estate for increased 

production.

The creation of the proposed design methodology has been discussed and verified 
through each application (Sections 4.5 and 4.6 (pages 135 - 136), Sections 5.5 and 5.6 
(pages 216 - 218) and Sections 6.5 and 6.6 (pages 284 - 285). This investigation has
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been discussed (Chapter 7) and concluded (Chapter 8), the contribution to knowledge 

has been highlighted in Section 7.2 (page 287). Finally further work that has been 

recommended as a result of this study has been discussed in Chapter 9 and this included 

many different subject areas.

8.3 Chapter Summary

This chapter has concluded the research by highlighting the 10 stage proposed design 

methodology.
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CHAPTER 9 I RECOMMENDATIONS FOR FURTHER WORK

9.1 Chapter Introduction

This chapter discusses and highlights future work that is either a direct result of the 

proposed design methodology applications or from the literature review. There are a 

number of findings from the research and investigation undertaken. These areas of 

research that could be investigated in the future are summarised within this chapter.

9.2 Case study applications

• Immediate future work would be the completion of the case studies, work is 

currently being carried out to finalise these applications so that the information and 

results created from case studies 2 and 3 can be fed back into application 1. These 

applications will continuously develop through the application of Stage 10 of the 

proposed design methodology and the requirement to sustain the improvements, as 

well as continuously improve.

• To also apply the proposed design methodology to other manufacturing 

environments, as well as other industries.

9.3 Developing Areas within Lean Manufacture

• It is usually found when implementing lean manufacture concepts that very specific 

information is required to achieve results, which is achievable if there is a substantial 

data collection procedure currently in place. Otherwise a great deal of research time 

is spent collecting data. An area of particular interest could be to investigate the 

applicability of a generic data collection system that could be in place previous to 

any lean manufacture changes.
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• Another concern is the level of accuracy of lean thinking within the supply chain. It 

is hard to manage lean manufacture changes at enterprise supply chain level purely 

due to the scale of data collection required. It is normally thought that lean 

manufacture changes at departmental level are consideration to be more accurate, 

this is because it is physically easier to gather data. It would be interesting to 

understand and research how the accuracy of lean manufacture implementation at 

departmental level, could be established within the whole supply chain with the same 

proper consideration, accuracy and precision.

• It could also be necessary to measure the effects of implementation lean manufacture 

departmentally throughout the supply chain. How would this affect the surrounding 

vertical processes and how it would impact the whole system needs to be examined.

• As highlighted in this research study, there are limitations to the lean manufacture 

one being the restriction on its applicability within certain environments. Further 

research could be to contemplate how to measure the success rate in this 

environment, as well as the adaptability of the concept in such circumstances. This 

would require extensive research into the factors that support and hinder the 

implementation process, it would also be necessary to study the effect of these 

impacting factors and how they could be decreased.

• Once a certain level has been achieved, the system is not always monitored as it is 

planned; this allows the improved system to lapse. Sometimes this is due to the lack 

of continuous improvement as this is a complex factor of lean manufacture to 

actually achieve. A strategic management methodology could be investigated to 

create a continually improving system. The success would be how these processes 

can be sustained.

9.4 Leagile Systems Possibilities

• Leagile systems are a newly developed concept. Conducting other potential research 

in this field would require the knowledge of lean manufacture which is a very 

structured and environmental specific technique. It would also be necessary to
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understand fully the very differing concept of agile production. It is thought that it is 
not very structurally particular but yet is very flexible. The interesting part of the 
research would be to understand how to productively amalgamate the two concepts 
alongside true industrial applications.

• In a leagile system it is necessary to have a decoupling point; this point is the 
transition between a lean to agile system. Depending upon to the type of 
manufacturing surroundings the position of the decoupling point is very significant. 
This research would require extensive analysis to study where the point is best suited 
in different manufacturing environments.

• Extended research could be to analyse whether a leagile system is applicable to all 
areas within a business. This would require researching and investigating how 
effective a leagile supply chain would be departmentally as well as across the supply 
chain.

9.5 Topics to Develop within Supply Chain Management

• Some elements of the supply chain have already been assessed, however it is also 
important to understand the standard structure of the supply chain external as well as 
internally. Research could be carried out to understand the relationships between the 
supplier and the buyer at all points in the supply chain. Communication is the most 
important factor and research could be carried out the assess this required in different 
instants, as well the discussing the factors of success.

• It has also been noticed within the research that businesses currently have a supplier 
base that is too large. It is thought that reducing this supplier base would be 
productive. However a large contributing factor is also the relationship that enjoyed 
between the supplier and the company. This research would require understanding 
how the supply chain should be structured to suit a particular company requirement, 
thus allowing to a structure methodology to reduce the supplier base dynamically.

• Within some supply chain structures there can be very comprehensive logistics 
within the distribution and transportation. These methods can be regarded as a waste
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in the production system. Further research would highlight how to reduce this waste 
and suggest suitable measures to replace.

• Another area for productive research would be to understand the theory of virtual 
logistics and warehousing. These methods would reduce inventory costs and 
decrease production lead-times.

• The use of the internet is another issue that would be very interesting; this would not 
just be limited to the supply chain but could be used in all areas of business 
improvements. Using the internet within a business for production reasons could 
potentially decrease the production lead-time, maybe through ordering techniques, 
shipments of payment and invoicing.

9.6 Research Issues within Six Sigma

• Six sigma is quite a well researched area, however due to these reasons there is 
misconception as to what six sigma really is. It could be advantageous to research 
the different strategies of perception and implementation.

• The latest six sigma advance is the introduction of the DMADV process. This is a 
implementation procedure for new production of products. It would be interesting to 
research the success of this new procedure and study how it would differ from the 
success of the older DMAIC process.

9.7 Potential Research within Discrete Event Simulation Modelling

• Discrete Event Simulation Modelling is quite common in a manufacturing 
production environment and is becoming more advanced in other industries. Further 
research would entail the understanding of the success rate from the use of discrete 
event simulation modelling in other applicable environments. Are the same 
problems and issue with creation apparent across the board of situations?
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• Generally discrete event simulation modelling programs have their own optimisation 

tools. These are usually timely to use, as well as costly to purchase. Another 

method possibly could be to use six sigma quality improvement tools optimisation 

on a discrete event simulation model. It would be interesting to investigate the 

comparison between the two methods, looking into facts such as time, cost and 

human intervention.

• Again the use of the internet in this field would also be fascinating for the same 

reasons as within the supply chain. How this would affect a model and how this 

information could be modelled.

• Creating a lean environment within a discrete event simulation model has its 

limitations; this is due to models generally 'pushing' a production system through. 

With the specifics of lean manufacture the model would be required to 'pull' the 

production system. Further research would help understand how to overcome this 

problem without limiting capacity sizes and increasing logical restrictions.

9.8 Perspectives within Management Techniques

• It has been suggested in a review by The Economist (1994) cited in Chu (2003), that 

85% of business improvement change projects actually fail due to two reasons:

1. The Impact of the Change

2. The Management Commitment
Other authors Baker (2002) and O'Corrbui (1999) cited in Bhasin and Burcher

(2006) state that;

...."Less than 10 per cent of UK organisations have accomplished successful lean 

implementation."

It is believed that in order to successfully implement an integrated business 

improvement methodology that incorporates a number of philosophies and concepts, 

issues such as the organisational culture and the management of the change are to be
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successfully researched and incorporated into the design and implementation plan 
before the business improvement takes place. Further research could potentially 
identify the issues surrounding the affects of change in a production environment. 
This would facilitate (when implementing ideas) how to manage the change, it 
would also be useful to know how to measure the change at the implementation 
phase.

• The existence and / or resistance to change could also be developed further, to 
understand why these issues arise and how to overcome them. This research should 
investigate whether change be measured through employee satisfaction.

9.9 Prospective Manufacturing Environments for Implementation

• Many different manufacturing environments have successfully implemented these 
types of business improvements. Further investigation would give an industrial 
viewpoint to the theoretical ideas; this research would also highlight the subject 
areas, paths and routes of successful implementation as well as those that require 
more developments.

• It was found within this research that the automotive industry lead the manufacturing 
environment mostly with lean manufacture and quality initiatives. Comparisons 
were made between the automotive industry and the aerospace industry; potential 
research could be to understand the differences between the two different 
environments. It would be ideal to understand the applicability of business 
developments within the automotive industry, and investigate how these ideas and 
issues can be transferred over to the aerospace industry.

9.10 Potential Future Research beyond the scope of this Investigation

This methodology has a very complex structure, however as highlighted in the thesis 
through the applications this structure reduces significantly due the project requirements. 
This proposed design methodology would benefit by being developed into a software
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package, which could possibly eliminate sections of the proposed design methodology to 
aid ease of use.

9.11 Chapter Summary

This chapter has explained in great detail depth future research that could be investigated 
beyond the scope of the literature survey and has given specific detail around topical 
areas.
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