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ABSTRACT

The work reported in this thesis is related to the development of a generic model for a
'make-to-stock' manufacturing organisation. This research is based upon the
hypothesis that every type of manufacturing company should have a generic model.
The objectives of the model are first, to help SMEs (Small and Medium sized
Enterprises) who cannot afford external help and second, to fulfil the need for
modelling that arose from a review of modelling literature. These were the basic
driving forces in carrying out this research and from which the objectives are derived.

A survey of various system design and analysis methods was carried out. Initially
SSADM, SADT, IDEFO, MERISE, STRIM and GRAI were selected for the study.

The reason for the selection of these methods was that each contained graphical tools
and fulfilled the requirements for modelling. Further investigation showed GRAI and
IDEFO to be the most suitable methods for modelling manufacturing systems and
these were selected for further investigation.

A direct comparison of the GRAI and IDEFO methods was carried out using a case
study. The results of this indicated that the GRAI method was the most suitable for
the analysis and design of manufacturing systems and demonstrated advantages over
the IDEFO method. For this reason the GRAI method was selected and applied to
case study 'make-to-stock’ manufacturing organisations. The case studies
demonstrated that several similar characteristics existed in ‘'make-to-stock’
manufacturing organisations, supporting the hypothesis of the research. The case
studies also indicated that the application methodology had some significant
drawbacks. On the basis of this investigation, a detailed methodology to apply the
GRAI method was formulated and validated using a further detailed case study. After
the methodology had been validated, it was used to develop a generic model for a
'make-to-stock' manufacturing organisation. The model developed presents the
activities carried out at the strategic, tactical and operational levels of the management
hierarchy. Details of typical decision horizon and review periods are also included in
the model.

The thesis presents the first detailed methodology for applying the GRAI method and
first application to develop a generic model. It also presents the first detailed
comparison between the IDEFO and GRAI methods. The findings of this research and
recommendations for future work are presented in the final chapter.
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CHAPTER-1
INTRODUCTION

1.1 BACKGROUND OF THE RESEARCH

Manufacturing management is an attempt to achieve organisational objectives through
the integration of resources such as the workforce, machinery and material. The
management process is usually considered to be the combination of several
procedures such as the establishment of objectives, planning, organisation, integration,

co-ordination, allocation of personnel and the measurement of performance of the

manufacturing functions.

To be successful in today's competitive global environment, manufacturers must be
able to respond quickly to change (Levary, 1996). Although many authors recognise
the need, there i1s some confusion concerning the area to be changed. Wray (1991)
suggests that manufacturing 1s being threatened by a lack of understanding of the key
role of manufacturing system design. Owen (1989) recognises that manufacturing

industry is suffering due to poor infrastructure and poor management. He adds

As the decline in manufacturing and its damaging effects become increasingly hard
to disguise in the coming years, something will have to be done which is not being

done now,’



Harrison and Burns (1991) state that most manufacturing industries have an ineflicient
organisational structure and suggest that the organisational and management structure
should change. Foster (1986) argues that industry should be constantly seeking
opportunities for innovation to meet an incremental change in the market. Skinner
(1974) identified four basic areas (productivity, efficiency, focusing, and structure of

policies) which need to be changed in the management of manufacturing. Daniel and

Millward (1984) identified three forms of technical change including:

e Advanced technical change: Introduction of new plant machinery or equipment

which includes the microelectronics technology.
o Conventional technical change: New plant machinery or equipment not including

microelectronics technology.

e Organisational change: Substantial change in work organisation or working

practices not including new plant, machinery or equipment.

From the above it is clear that the introduction of change in the structure of

manufacturing management system is a key issue.

1.2 WHY MODEL MANUFACTURING SYSTEMS ?

Most small companies do not have adequate information about their management
system. Their management structures are inefficient to meet global competition and
many have small management teams, where individuals undertake many
responsibilities at the same time. Teams do not work systematically due to a lack of
awareness of the system. One of the most frequent problems facing manufacturing
companies is their ability to share information. To overcome these problems Carrie et

al (1993) suggest that manufacturing companies should be re-engineered by

developing appropriate modelling techniques.

The ability to model the manufacturing management system is key to achieving

successful manufacturing change. A model can be used to identify any shortcomings



that require a remedy. It can also be used to illustrate how a new system will appear

once it is redesigned and can be used for detailed planning purposes.

The management team in manufacturing organisations make decisions at various time

intervals. According to Hayes and Schmenner (1978) these fall into two broad

categories 'Facilities decisions' and 'Infrastructure decisions'.

a) Facilities decisions:

e Determine the total amount of manufacturing and logistics capacity to provide for

each product line over time.

e Determine how this capacity is broken up into operating units, their size and form,
their location and the degree or manner of their specialisation, for example,
according to product and process.

e Determine the kind of equipment and manufacturing technology which should be

used.

b) Infrastructure decisions involve:

e Policies that control the loading of the factory or factories, such as raw material
purchasing, inventory and logistics policies.

o Policies that control the movement of goods through the factory, such as process
design, work force policies and practices, production scheduling and quality

control.

The decision making process aims to seek the best solution to the problem. This may
entail identifying a number of feasible solutions and alternatives. The alternatives
which the organisation is seeking must have the potential to correct the problem at
hand and promote the organisation's goals and objectives. Its goals and objectives
help to guide the search for appropriate solutions, but it can be argued that all
manufacturing organisations need to improve their decision making system. This need
arises because in general, organisations face scarcity of resources and therefore they
need to make the most effective use of those available. The problem, most common in

small organisations, 1s that major decisions are taken by key individuals using



knowledge of what has been done in the past. In this manner, decision making seems
incomplete and the decision makers are usually reliant upon the skills and insight they
have developed through years of experience. This reliance may work with non-
programmed decisions, but often does not with programmed decisions. Here we

define non-programmed decisions as those which have no structure such as an urgent
requirements, or a machine breakdowns. Programmed decisions have a structure such

as those executed by the Master Production Schedule. Hence the need has arisen to
structure decisions. This can be achieved by better modelling of the structure of

decisions.

To ensure competitiveness, manufacturing companies must improve their
manufacturing management structure. Manufacturing management systems must have

the following characteristics:

e Complete integration of all manufacturing functions

o Availability of faster and more intelligent information systems

e Ability to share information resources

o Multiple facilities

e On-line monitoring and control, and ability to take corrective action
e Democratic behaviour of the management team

e All programmed decisions should be structured

e All procedures should be defined and systematically applied.

1.3 AIMS AND OBJECTIVES OF THE RESEARCH

This research aims to develop and document a manufacturing management model

based on the identification of decision centres. Consequently the information systems

should be designed to support the decisions made in these decision centres.

Initially the research was based upon the hypothesis that every type of manufacturing

system (for example 'make-to-stock', 'make-to-order') should have a reference model.



The aim of the research was to produce a generic model which could be used to assist
a manufacturing company to improve its manufacturing management system with
minimum external help. The model would be a helpful tool to analyse existing
manufacturing management systems and design or modify the manufacturing

management system as desired. The generic model would enable a manufacturing
company to look critically at its management structure and information system. This 1s

necessary because advances in manufacturing systems and technologies have a
considerable effect on the position of decision centres and the information used in the

manufacturing environment.

Further investigation restricted these aims, because although the existing methods
could be used to develop generic models, they did not fulfil all the requirements of
modelling. The review of existing modelling methods and their applications indicated

that the methodology employed to develop the generic model needed to be

reformulated. In view of this investigation, the research objectives were modified to:

e Review basic manufacturing systems and identify basic system classifications

o Identify the most suitable method to analyse and design the manufacturing

management system and 1n particular to:

a) analyse the existing manufacturing management system of different

manufacturing organisations within one class of system
b) identify the inconsistencies within the system analysed

c) identify areas to be modified

d) identify the problems associated with the using the method selected

e) reformulate the method to eliminate the problems identified

e Develop a reference manual to guide and assist the analyst and designer to use the

reformulated method
e Develop a generic model of one class of manufacturing system

e Contribute to the research literature on manufacturing system analysis and design.



1.4 THESIS STRUCTURE

This thesis contains nine chapters which have been organised as follows:

Chapter 1 provides an introduction to the thesis. This describes the background to
the research undertaken and identifies the need for a system modelling methodology.

The chapter also shows the organisation of the thesis.

Chapter 2 briefly reviews the basic concepts of manufacturing systems. Existing

classifications of manufacturing systems are also reviewed and the relevance of plant
layout, manufacturing planning and control techniques such as inventory planning and
control, master production scheduling, capacity planning and control, MRP, MRPI]I,
just in time (JIT), and quality planning and control are briefly discussed. Finally the
chapter examines manufacturing management and suggests that it comprises a three
level hierarchy (Strategic, Tactical and Operational), containing the functions of the

manufacturing management system.

Chapter 3 presents a detailed survey of existing modelling methods. The objective of

this survey is to identify the most suitable method for use in this research. A variety of
modelling methods are reviewed including SSADM, SADT, IDEF0, MERISE,
STRIM, and GRAL

Chapter 4 describes a case study using two modelling methods, GRAI and IDEFO.
Both methods were applied to the existing manufacturing management system of a
'make-to-stock' company. Both methods have a topdown approach. The topdown
approach exposes one level of detail at a time, that is, it begins as a descriptive
process by placing the modelling system as a whole at the highest level and then
decomposes it, level by level, to describe each of the subsystems within the system

hierarchy. The objectives of this chapter are to:

e analyse and identify inconsistencies in the existing management system of the

company



o compare the GRAI and IDEFO methods.

The chapter demonstrates that the GRAI method is the most appropriate modelling
method for the analysis and design of manufacturing management systems. Although

the method has some drawbacks. These include:

o The interview techniques of the method have not been fully developed

e The method is not supported by any computerised tools.

Chapter-5 describes three case studies involving 'make-to-stock' manufacturing

organisations. The objectives of this chapter are to:

e further investigate the GRAI method

o carry out a comparison of the GRAI model developed for each company.

The comparison shows several similarities between 'make-to-stock' manufacturing
organisations. On the basis of this comparison, a novel model of the activities in a
'make-to-stock' company has been developed. This chapter confirms that a generic

model of a 'make-to-stock' manufacturing organisations can be developed.

Chapter 6 describes the methodology developed to apply the GRAI method. The
method has been reformulated and interview techniques have been devised based
upon a series of three questionnaires. Questionnaire 1 relates to the company
background and management hierarchy. Questionnaire 2 relates to the construction of
the GRAI grid which identifies the relationship between decision centres.
Questionnaire 3 relates to the construction of the GRAI nets used to analyse the
decision centres identified after the analysis of questionnaire 2. The formulation of the
methodology comprises several steps. The chapter demonstrates that each step of the
methodology guides and assists both the analyst and the designer, in the analysis of

the existing system, its redesign and implementation.



Chapter 7 validates the methodology developed to apply the GRAI method using a

detailed case study. The manufacturing organisation chosen for the case study is a
'make-to-stock' company. The methodology was applied to the existing management

system of the company and several inconsistencies in the system were identified.
Modifications of the system are also presented. The chapter demonstrates that the

methodology is easy to use and can be applied to any manufacturing management
system. The chapter also demonstrates the benefits of using the questionnaires to

structure the interviews.

Chapter 8 describes the development of the model. The model is developed following
the detailed analysis of the manufacturing management system of the case study
company. The model improves the system by developing structured, programmed
decision making. The chapter concludes that although the model was specifically
developed for the case study company, it has a generic nature and can be used as a

reference model for any 'make-to-stock' manufacturing organisation.

Finally, Chapter 9 presents the overall conclusions and presents recommendations

and proposals for future research work.



CHAPTER-2

BASIC CONCEPTS OF MANUFACTURING
SYSTEMS

2.1 INTRODUCTION

Production is an input-output system converting factors of production into saleable
goods. In a narrow technological sense production is understood as the
transformation of material into products by a series of energy applications, each of
which affects well defined changes in the physical or chemical characteristics of the
material. Since this definition applies to tangible goods as the output of production, it
may be termed manufacturing. So here we define the term manufacturing as only
applicable to product industries and not service industries. The original meaning of the
term manufacturing was to make things by hand but the present meaning is the
‘conversion of a design into finished products' (Young and Mayer 1984). The
international conference on production engineering defined manufacturing as " a series
of interrelated activities and operations involving the design, material selection,
planning, quality assurance, management and marketing of products of the

manufacturing industries" (Hitomi, 1990).

Hitomi (1990) suggests that manufacturing systems can be defined with reference to

three aspects termed: structural, transformational and procedural aspects. The



structural aspects of a manufacturing system are defined as a combination of the work
force, machine tools, material handling equipment and other supplementary devices.
The transformational aspect of a manufacturing system is defined as the system that
converts the raw material into finished items. The procedural aspect defines that a

manufacturing system has several procedures which include planning, control and

implementation.

On the basis of Hitomi's definitions, the basic structure of a manufacturing system can
be developed as shown in Figure 2.1. The structure represents the overall activities of

a manufacturing system. The upper part of the diagram represents the procedural

aspect and lower part represents the transformational aspects of the system. The

components of a manufacturing system will be discussed in this chapter.
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Figure 2.1 Basic structure of a Manufacturing System
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2.2 MANUFACTURING OPERATIONS

During a manufacturing operation, activities are carried out at a specific station where
all the facilities required are available. A product is then completed after a series of

operations. The following manufacturing operations have been identified (Schey,

1977):

a) Basic Operations: Giving the raw material its basic shape and form.

b) Secondary Operations: Transform the item produced by basic processes into the

final desired shape. This process 1s performed using machines tools.

¢) Enhancing Operations: Modify and improve the physical properties of the
product without disturbing the shape. These include operations such as heat treatment

or film coating etc.

d) Finishing Operations: Improve the appearance of the product without disturbing

the shape.

2.3 BASIC LAYOUTS

The layout i1s the arrangement of machinery, components and associated services
which support the flow of material and provide the production rate required at
economic cost. The layout indicates the physical disposition of manufacturing plant
and location of the various departments or workshops. The layout affects the
organisation of the manufacturing plant, the technology used and the flow of work
through the plant. The following basic layouts have been identified by Slack et al,
1995:

11



2.3.1 Fixed position Layout

This is where the material and resources move, but the product remains stationary
during the manufacturing operations. The reason for this is that the product 1s too

large or too delicate to move. Aircraft and ship building are examples of fixed position

layout.

2.3.2 Process Layout

In process layout, similar processes are located together which perform similar
functions. It 1s convenient for the operations to be grouped together. When products
flow through the operation they take a route from process to process according to the
design. This type of layout requires material handing systems such as a conveyor belt

or fork lift truck to transport the product between processes. An example of this type

of layout is the manufacture of hand tools.

2.3.3 Product Layout

In product layout, machines are grouped in a sequential manner to produce a specific
product or limited range of near identical products. Each product follows a

prearranged route in which the sequence of activities required matches the sequence
in which the processes have been located. The product flows along a line of processes
and for this reason product layout is sometimes called flow line layout. A car assembly

plant is a typical example of this type of layout.

2.3.4 Cell Layout

This type of layout 1s based on a work cell where different operations are performed.
The cell itself may be arranged in either a process or product layout. After passing

through the cell, the product may go to another cell for a further operation.

12



Table 2.1 shows the relationship between manufacturing process and basic layouts

and Table 2.2 reviews the advantages and disadvantages of each.

Manufacturing Process

Basic Lavout
Fixcd__Posil 10N

Fixed Position

Process
Batch Process
Batch Cell/Product
Mass Cell/Product

Table 2.1 Relationship between manufacturing process and basic layouts

Layout
Fixed Position

Process

Product

Cell

(Source: Slack et al, 1995)

Advantages
Very high mix and product
flexibility
Product not moved or
disturbed

High varniety of tasks for
cmployees
High mix
flexibility
Relatively robust in the case
of disruptions

Relatively easy supervision
of machines and products
Low unit cost for high
volume

Gives  opportunitics  for
specialisation of machines
Product movement 1S
relatively convenient

Can give good compromisc
between cost and flexibility
for relatively high varicety of
opcrations

Fast throughput

Group work can result in
high motivation.

and product

Disadvantages

Very high unit costs
Scheduling of space and
activitics can be difficult
Can flow much movement
of plant and stafl

Low facilitics utilisation

Can have very high work 1n
Progress

Complex flow can be
difTicult to control

Can have low mix flexibility
Not very robust against
disruption

Work can be very repetitive

Can be costly to rearrange
existing layout

Can require more plant and
cquipment

Can  give
utithisation

lower  plant

Table 2.2 Advantages and disadvantages of basic layouts

(Source: Slack ¢t al. 1995)
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2.4 CLASSIFICATION OF MANUFACTURING
SYSTEMS

Traditionally manufacturing systems have been classified into three types (Johnson
and Montgomery 1974).

1- Project

2- Intermittent processes

3- Continuous processes

1- Project. Project refers to a system where the product remains stationary
throughout the production process and workers, equipment and material arrive at the

site to perform tasks. Civil construction work and shipbuilding are examples of

project manufacturing.

2- Intermittent. In this type, the products are manufactured in batches and the
products follow the same sequence through the shop (i.e. flow shop). Alternatively
they may be processed in a sequence which differs substantially by product type (i.e. a

job shop).

3- Continuous. Continuous refers to the production of a small range of products in
high volume, or similar products manufactured at a uniform rate. Special types of
machine are normally used. Typical examples of this system include circuit board

assembly, car assembly and o1l refineries.
This type of classification only focuses upon process characteristics. Manufacturing

systems can also be classified according to their operational objectives. Examples of

this classification are 'make-to-stock' and 'make-to-order'.

14



a) Make-To-Stock

In a 'make-to-stock' production system the end items are produced or assembled in
anticipation of a customer order. Product specification and design are established in
advance of the order. The production quantity and range is established by market
research. Hence the production process, method of operation, volumes and other

production conditions are known in advance, resulting in relative simple production

planning (Vonderembse and White, 1991).

In a pure 'make-to-stock' environment, the management determine the
competitiveness of the company, by determining both the location and size of finished
product inventories and the use of appropriate distribution requirement planning

(Marucheck and McClelland 1986).

b) Make-To-Order

In 'make-to-order' production, the end items are only produced or assembled on the
receipt of confirmed orders. Product specification, design and manufacturing routes
are designed on the receipt of orders. In a 'make-to-order' environment the
competitive lead time would include the lead time in producing some parts and
materials, as well as the time spent in some portion of the total manufacturing cycle,

This may also include some fabrication, subassembly and shipping time.

Ingham (1971) classifies companies according to the observed sales and the range of
products on offer. Four types of manufacturing company are suggested together with

their sub categories:

Type I: This includes organisations who manufacture to stock, in anticipation of
product demand. This usually comprises a defined product range of specific design, as

chosen/identified by the manufacturer.

15



Type II: This category comprises specialist manufacturers, making a particular type

of product according to customers' design and specifications.

Type III: This type of manufacturing company begins production only upon the

receipt of an order. A wide range of products are usually made.

Type III A: Companies in this category offer a wide range of products and
manufacture upon the receipt of an order as for type III. The difference here however,

is that a minimum finished stock level is maintained in anticipation of orders.

Type III B: As for type III, this group of organisations manufacture upon order
receipt, but the range of products made also includes standard, common components.

These companies 'make-to-stock’ in anticipation of assembly.

Type III C: This type of company is a combination of types III A and III B. Products
are manufactured upon the receipt of an order, but some products are also held as

finished goods. In addition some common components are kept from which assembled

products can be made more quickly.

Type IV A: This category of company includes manufacturers who offer general

production facilities. Customers can request their own product, to be made within the
manufacturing capabilities of the equipment owned by the company. The product
range is comparatively smaller than that available from Type III companies and tends

to be 'capital goods".

Type 1V B: This type of company comprises those as Type IV A, but is a jobbing
manufacturer. Unlike Type II, which also manufacture products as required by their
customers, companies of Type IV B will be prepared to accept orders for small
quantities regardless of whether such orders are large enough to make long

production runs possible. They usually manufacture to customers' design and

specifications.

! Capital goods are considered as having high unit value and are manufactured on a contract basis,
for example ship building.

16



Wild (1989) has defined four basic types of manufacturing company according to their

operating structure:

1) Make from stock, to stock, to customer: This type of manufacturing company

keeps two types of stock, one for raw material and one for finished products. All raw
materials are located in an initial stock then manufactured and placed in a finished

goods stock, from where customers are served.

2) Make from source, to stock, to customer: This type of manufacturing company
keeps only a stock of finished products. The raw material comes directly from the

supplier(s) and customers are served from the finished product stocks.

3) Make from stock, direct to customer: Manufacturing companies of this type

keep only raw material stock<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>