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ABSTRACT

This thesis describes research that has developed the principles of a modelling
tool for the analytical evaluation of a manufacturing strategy.

The appropriate process of manufacturing strategy formulation is based on

mental synthesis with formal planning processes supporting this role. Inherent to
such processes is a stage where the effects of alternative strategies on the
performance of a manufacturing system must be evaluated so that a choice of

preferred strategy can be made. Invariably this evaluation is carried out by
practitioners applying mechanisms of judgement, bargaining and analysis. This
thesis makes a significant and original contribution to the provision of analytical
support for practitioners in this role.

The research programme commences by defining the requirements of analytical
strategy evaluation from the perspective of practitioners. A broad taxonomy of
models has been used to identify a set of potentially suitable techniques for the

strategy evaluation task. Then, where possible, unsuitable modelling techniques
have been identified on the basis of evidence in the literature and discarded from
this set. The remaining modelling techniques have been critically appraised by
testing representative contemporary modelling tools in an industrially based
experimentation programme. The results show that individual modelling
techniques exhibit various limitations in the strategy evaluation role, though some
combinations do appear to provide the necessary functionality. On the basis of
this comprehensive and in-depth knowledge a modelling tool has been
specifically designed for this task. Further experimental testing has then been
conducted to verify the principles of this modelling tool.

This research has bridged the fields of manufacturing strategy formulation and
manufacturing systems modelling and makes two contributions to knowledge.

Firstly, a comprehensive and in-depth platform of knowledge has been

established about modelling techniques in manufacturing strategy evaluation.

Secondly, the principles of a tool that supports this role have been formed and
verified.
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CHAPTER 1
INTRODUCTION

A successful manufacturing industry can make a significant contribution to the
prosperity of a nation. For a manufacturing company to consistently realise
success invariably requires the organisation to seek and achieve congruence
between internal manufacturing capabilities and external market and financial

environments. This approach to organisation design is often expressed as a

manufacturing strategy, and there is a close association between the existence of
an intended manufacturing strategy within a business, and prosperity.

A manufacturing strategy can be formed by a number of methods, but a
particularly successful approach is practising managers being guided through
strategy formulation by a formal planning process. Usually, such a process is a

sequence of activities that secure recognition of a company's existing
manufacturing capabilities, structure an expression of the associated financial and

market environments, and stimulate the evolution of a sequence of actions to
overcome any deficits that may exist.

During manufacturing strategy formulation it is usual to evaluate the affect of
proposed actions on the capabilities of the manufacturing system under
consideration. Such evaluation can be made through judgement of individual

personnel, refined through bargaining between a number of personnel, and
supported by analytical methods. One such analytical method is modelling. A
model can be created of a manufacturing system, a number of modifications can
be made to the model to reflect the strategy under consideration, and the ensuing
model behaviour treated as a prediction of future manufacturing capabilities.

Modelling is often used in detailed design of manufacturing systems. However,
manufacturing strategy formulation is different from detailed manufacturing
system design, and hence demands specific characteristics of a modelling
approach. Unfortunately, there is a scarcity of previous research that has
critically appraised modelling approaches in the role of strategy evaluation, and a
verified modelling solution to this task is needed. Therefore, to promote the
application of the manufacturing strategy concept, this thesis investigates
modelling in the evaluation of a manufacturing strategy, and makes an original



and significant contribution to knowledge on this subject. The structure of this
thesis is as follows and is summarised in Figure 1.1.

Chapter 2 performs a literature review that sets the terminology used in this
thesis, and explores the issues that currently constrain the application of the
manufacturing strategy concept. This chapter culminates in identifying research

opportunities in manufacturing strategy evaluation and identifies modelling as a
potential solution to this task.

Chapter 3 establishes the extent of current knowledge on modelling through a
second review of the literature. Initially, this chapter develops a comprehensive

taxonomy of models to expose the variety of modelling approaches available, and
a number of representative modelling techniques are chosen. Direct evidence 1s

then sought from the literature on the suitability of these modelling approaches to
manufacturing strategy evaluation.

Chapter 4 builds on the knowledge gained from the manufacturing strategy and
modelling literature respectively. This chapter argues for research that considers

modelling for the task of manufacturing strategy evaluation and develops a
precise research aim for this thesis. A five stage programme of research activities

1s then designed to realise this aim. The initial stages of this programme develop

a comprehensive and in-depth platform of empirically derived knowledge that 1s
essential to forming the foundations of a modelling tool, subsequently the

principles of a modelling tool are established, and the later stages verify this
modelling solution.

Chapter 5 presents the execution of the first stage of the research programme by
defining the requirements of modelling in a manufacturing strategy evaluation,

termed the requirement set. This is achieved through in-depth interviews with
practitioners. |

Chapter 6 presents the execution of the second stage of the research programme
by 1dentifying clearly unsuitable modelling approaches due to distinct limitations

being apparent when considered against the requirement set. This screening is

based on evidence from the literature, and discounts a number of modelling
approaches from further consideration in this research.

Chapter 7 presents the execution of the third stage of the research programme and
performs a critical appraisal of modelling approaches. This is achieved by the
design and application of a set of industrially based experiments, to test
contemporary modelling tools against the previously determined requirement set.



Chapter 8 presents the execution of the fourth stage of the research programme
and forms the principles of a modelling tool. This is realised by establishing the

most suitable modelling approach to manufacturing strategy evaluation on the
basis of the results gained in Chapter 7.

Chapter 9 presents the fifth and final stage of this research programme and
conducts tests to verify the principles of the modelling tool established in the

preceding chapter. Experiments are conducted at a second manufacturing

company and provide confidence for a future investment in the construction of a
purpose built modelling tool.

Finally, Chapter 10 draws conclusions on the work described in this thesis, and
highlights two main contributions to knowledge of this research. First, that a
comprehensive and in-depth platform of knowledge has been established
concerning the support modelling techniques give to manufacturing strategy
evaluation. Second, that the principles of a modelling tool tailored to this task
have been formed and primarily verified. The limitations and concerns are then

aired and, in closing, recommendations are made for future work in the area of
manufacturing strategy research.
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Figure 1.1: Thesis structure



CHAPTER 2 -
MANUFACTURING STRATEGY LITERATURE REVIEW

The motive of this research is to aid companies in the formulation of

manufacturing strategy. The objectives of this chapter are to introduce
manufacturing strategy, to set the terminology used in this thesis, and to explore
the issues that currently constrain the application of this concept. These

objectives are realised by addressing the following questions through a review of
the literature that has made a valuable contribution to knowledge in this field'.

1. What is a manufacturing strategy?

2.  'Why is manufacturing strategy important?

3. How can a manufacturing strategy be formed?
4

What are the current research issues that constrain the application of
this concept?

From the literature it-is apparent that a modelling mechanism is required that will
support the evaluation of a proposed manufacturing strategy. Hence, this chapter

concludes in identifying a need to can'y out a similar review of the contributions
in the modelling literature.

2.1 THE CONCEPT OF MANUFACTURING STRATEGY

Manufacturing strategy is a concept; it is a general notion about the organisation
of a company's manufacturing activity. Probably because of this conceptual
basis, there can be inconsistencies in the usage of terminology. Swamidass
(1986) in a study of 35 manufacturing businesses noted that "...the term

manufacturing strategy did not elicit uniform connotation in the minds of the
executives...."; and Leong et al (1990) said that "...inconsistent terminology

IThere appears to be a recent trend to consider manufacturing strategy within the literature on
operations strategy. According to Samson (1991) the distinction between these terms is that operations
strategy and operations management encompass manufacturing and service activities. Likewise,
Johnston et al (1993) consider operations to be a mix of goods and service; and Harrison (1993) suggests
that 'operations' can be substituted for the word ‘manufacturing' in many texts though the reverse is not
necessarily true, Hence, appropriate operations strategy literature has been included in this review.




continues to be a problem in the manufacturing strategy literature®.
Misinterpretations can hinder research contributions. Evered (1983) argues that
the "...quality of policy research will be influenced significantly by the care we
take with conceptual clarity, particularly with regard to the praxis of strategic
management". Therefore, this section explores the concept of manufacturing
strategy and establishes through this a foundation of conventional terminology.

2.1.1 A definition of manufacturing strategy

The word 'strategy' has a Greek origin from around 550BC. Initially, the word
referred to a role, for example a General, and later came to mean 'the art of the

General' (Evered, 1983). More recently Chandler (1962), whilst discussing the

planning and growth of an organisation, is generally accredited with probably the
first definition of strategy in business. Chandler saw strategy as:

"..the determination of the basic long-term goals and the objectives of an
enterprise, and the adoption of courses of action and the allocation of resources

necessary for carrying out these goals."
Later Ansoff (1969), in a business context, identified strategy as:

"Strategy guides and directs a firm's growth and change."

Skinner (1969) is seen by authors such as Adam and Swamidass (1989),
Anderson et al (1991), Sweeney (1991), and Probert et al (1993), as being the
first to introduce the concept of manufacturing strategy. Skinner (in Skinner et al
1985) however, actually gives this credit to McLean in 1946, along with Miller
and Rogers a decade later. According to Skinner, McLean observed that a
number of companies may compete within an industry using entirely different
approaches to manufacturing management. Irrespective of the actual origin, the

literature considers the contribution of Skinner (1969) to be a milestone. In this
work Skinner refers to strategy as:

"...a set of plans and policies by which a company aims to gain advantage over
its competitors."

The contribution of researchers such as Chandler, Ansoff and Skinner, amongst
many others, can be clarified through viewing strategies at three tiers in an
organisation. Hayes and Wheelwright (1984), define these levels as a

hierarchical structure (Figure 2.1). The role that each strategy takes, they
summarised as:



Corporate
strategy

Business B
strategy

Business A
strategy

Accounting/
Manufacturing R&D control J

strategy strategy strategy

Marketing/
sales
strategy

Fioure 2.1: Levels of strategvy in an organisation (Source: Hayes and

Wheelwright, 1984)

:-I\> Deliberate - :—_>

Intended Strategy Realized
Strategy Strategy

Unrealized Emergent
Strategy Strategy

Figure 2.2: Forms of strategies (Source: Mintzbere. 1978




Corporate strategy : Definition of the businesses in which a corporation will
participate, and the acquisition and allocation of key corporate resources {0
each of those businesses.

Business strategy : The basis on which a business unit will achieve and
maintain competitive advantage, in a way that links the strategy of the
business to that of the corporation as a whole.

Functional strategies : Providing support to the competitive advantage being
sought by the business strategy.

Although the form of functional strategies other than manufacturing are outside
the scope of this research, a brief insight assists in setting the context of
manufacturing strategy. An overview of functional strategies proposed in the
literature is given in Table 2.1. As illustrated in this table, functional strategies

can be coarsely grouped into marketing, financial and manufacturing. Each of
these strategies will have goals associated with their function. For example, the

goals of a financial strategy can include Return On Investment (ROI) and
profitability measures, while marketing goals include market share and growth
(Pannesi, 1990). The functional strategies combine to form the basis of a

company's business strategy (Anderson et al, 1991).

Since Skinner first promoted manufacturing strategy within an organisation, there
have been numerous attempts to give a fuller and more precise definition of this
specific functional strategy. An overview of such definitions is given in Table
2.2. Some differences in definitions appear to be semantic, for example Hayes
and Wheelwright (1984) and Marucheck et al (1990), whilst other definitions
represent a real altemnative emphasis, such as Pamaby (1986) and Hill (198)).
Anderson et al (1989) have observed a similar situation across a large sample of
literature and call for a reduction in semantic differences and an understanding of
emphasis. It appears that some research has fallen foul of a common criticism in
this field, pointed out by Adam and Swamidass (1989), of creating new terms
without materially adding to conceptual inventory. There is however a general
agreement in the literature that manufacturing strategy has a long range thrust,
and that there should be some competitive advantages defined (Schroeder, In
Skinner et al, 1985). To support the practical application, and value to industry,
of the manufacturing strategy concept, this thesis considers there to be two
further attributes that should be explicit in a manufacturing strategy definition.

The first attribute is given by Evered (1983) who considers some definitions of
strategy to be 'narrow' as the process of forming goals is excluded, other
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__Author |  Definiton

Skinner, 1969 "Strategy is a set of plans and policies by which a company

aims to gain advantage over its competitors.'’
Hayes and "...consists of a sequence of decisions that, over time,
Wheelwright, enables a business unit to achieve a desired manufacturing
1984 structure, infrastructure, and a set of specific capabilities."
Cohen and Lee, | "Manufacturing strategy is concemed with the development
1985 and implementation of plans which affect the firms choice

of production resources, the deployment of these resources,

and the design of the infrastructure to control operations
activities."

"...a set of policies in both its process choice and
infrastructure design...which are consistent with the existing
way(s) that products win orders whilst being able to reflect
future developments in line with changing business needs."
functions necessary to meet market needs at lowest
manufacturing cost."

""The mix of machines, processes, people, control systems,
Swamidass and | "...manufacturing strategy is viewed as the effective use of
Newell, 1987 manufacturing strengths as a competitive weapon for the

computers information, organisational structure and job
achievement of business and corporate goals."

"...long range plan or vision for the operations function." |
1989

Miller and "...a projected pattern of manufacturing choices formulated
Hayslip, 1989 | to improve fundamental manufacturing capabilities, and to
support business and corporate strategy."

Ghobadian, '""The manner and extent by which the management puts the
1990 company's manufacturing resources at risk in order to

support and achieve its chosen overall objective."
"Manufacturing strategy is a collective pattern of
coordinated decisions that act upon the formulation,
reformation and deployment of manufacturing resources and

provide a competitive advantage in support of the overall
strategic initiative of the firm..."

"Manufacturing strategy provides a vision for the
manufacturing organisation based on the business strat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>