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Abstraot
British Companies have been slower to automate their
manufacturing facilities, and computerise their information
systems, than many of their overseas competitors in Europe, North
America and Japan.
Initially, this research studied advanced
manufacturing technology, (AMT), systems theory, the UK economy
and investigated the underlying reasons for and against company' s
decisions to automate.
Automating procedures were studied for a sample of 20
Engineering companies with particular attention paid to their;
systemic approach to implementing AMT, inter-business activity
communications, individual company strategies, operational
tactics, and implications from previous installations.
This
information was supported by questionnaires targeted at UK design
engineers' and equipment suppliers.
Interviews with Trade
Unions, financial institutions, professional institutions and
Government, were also arranged.
The research found that correctly implemented AMT, with the
optimum balance of flexibility and complexity,
improved
businesses'
competitiveness,
although
many
operational
efficiencies could be attained merely by rationalising existing
systems. When a company implements AMT it is critical that they
synchronise the equipment with additional complementary systems
and manufacturing resources. However, every company has their
own unique solutions due to the historical evolution of factory
facilities, product ranges and employee skills. The restrictive
practices adopted the financial accountants and many of the Trade
Union were found to restrain the rate of implementation for AMT
and the move towards total integrated businesses.
The research analysis yielded a ten point model for the
strategic and tactical management of advanced manufacturing
systems. Finally, the work concludes by identifying "accounting
systems", and procedures for "designing for manufacture", as
areas which deserve further investigation.
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CHAPTER 1

INTRODUCTION

Chapter 1
Introduction
~

Research Overview

The research has focused on the relationship British based
manufacturing companies have had with advanced manufacturing
technologies and the business environment, as depicted in figure
1.1.
It studies the reasons for and against automation, and
considers the diffusion and implementation of AMT, and
complementary operating systems. This takes into account the
technologies that are available and the state of their evolution.
The work also looks at the environmental constraints and
barriers a company has to face when formulating its plans and
strategies. Such considerations include the business in which
the company operates, the increasing competition within global
markets, the raising of finance and the national economy.
The main focus of the research is placed on the strategies
and tactics of the individual companies towards automation, and
the implications of adopting such technology.

Figure 1.1
Bnvironment of Business Planning for Production

COMPANY
Aims and Objectives
strategy and Tactics

MANUFACTURING
TECHNOLOGY

BUSINESS
ENVIRONMENT
AND

AND

COMPETITORS

SYSTEMS

1

1Li

Teohnologioal Development
"Technology is the disciplined process of using scientific
material and human resources to achieve human purpose."
(Clews and Leonard, 1985)

Cerry and Williams, (1973), clearly illustrate the strong
relationship between general historical evolution and man's
technological progress. They claim that sustained long periods
of war and political upheaval have been set backs to
technological development, whilst stability results in steady
advances in technology. In addition, relatively short wars have
also been shown to increase the rate of technological
development.
The process of technology transfer has also
assisted when there is free flow of capital and a lack of trade
barriers between countries.
The invention of the silicon transistor in 1954, leading to
the integrated circuit, resulted in a new computerised
revolution. The power and capability of these inventions has yet
to be fully appreciated and understood. However, one consequence
has been the miniaturisation of many products, such as radios and
computers.
In general, the manufacturing companies have been
affected in three ways
1.
2.
3.

The products they manufacture.
The equipment they use to manufacture the products.
The management information and control systems,
computers and technology provide.

which

These three factors, which together form the "process of
technology", are summarised in Clews and Leonard, (1985). This
highlights how the physical technology is simply a resource which
has to be managed effectively to manufacture a product.
Technological innovation is perceived as being an imperative
for national economic development.
However, manufacturing
investment can be associated with employment loss. Rothwell and
Soets, (1983), suggest that the key factor is whether the
2

investment is intended for expansion or rationalisation.
Therefore, it is important to judge whether investments into AMT
and other manufacturing systems are primarily to increase
production, or efficiency. In addition, the diffusion of the new
technologies, the impact on the company, and the barriers to its
development also need to be studied.
The equipment and all the affected variables have to be
identified and managed. No longer can major pieces of technology
be implemented in isolation.
To be successful many different
aspects have to be analyzed, some of which are outlined by Boody
and Buchanan, (1986)
"Impact of new technology is determined by managerial
decisions on why and how it is used as well as the
capability of the equipment. 1t
pigure 1.2

The Process of Technology
Technology Is the Disciplined Process of Using
Sclent{flc, Material and Human Resources
to Achieve Human Purpose

...,.
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Source :

Clews & Leonard, ItTechnology and Production",
(1985), plO. After Schools project, January 1970.
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1.3

British Industry

Since the middle of the nineteenth century Britain has faced
growing competi tion wi th the US, Japan and other European
countries. In addition, many of Britain's traditional overseas
markets, and particularly those of the Commonweal th, were
developing their own industrial capability, and purchasing from
other countries.
Despite the development of new technology in the industrial
revolution, there have been some legacies which have persisted.
Initially, a "class system" evolved, which discriminated against
the working class. Organisations were built on a structure of
authority and control, which was rejected by the workers. The
education system epitomised the class structure, since the upper
class had access to better education and managerial positions
within industry.
The problem illustrated by Chatterton and Leonard, (1979),
shows that the education system never directed its curriculum
towards industry's needs. within industry itself the quality of
leadership has been poor, with little scientific management, lack
of reward for good work, and few opportunities for the working
classes.
They called this the "British Disease".
The
manufacturing and economic decline could not be halted until it
was fully recognised that the greatest natural resource of a
nation was the talent of its' people, and adequate attention was
given to the quality of working life.
Britain maintained its traditional labour intensive
industries, and has never kept pace with new innovations,
especially in micro-electronics (Scientific American, 1977).
Despite continued economic growth during the 1950's and 1960's,
the rate was not as high as our main trading competitors. This
failure to develop new products and manufacturing processes
resulted in industries becoming less efficient, flexible and
competitive.
4

This is clearly shown in figure 1.3, which outlines the
relative price of British exports and the cost of foreign
imports.
since 1975, the government data illustrates how the
export prices in 1988 are greater than the relative import
prices. Overall, this makes Britain less competitive.
Figure 1.3
Manufacturing Trade Competitiveness trom 1975 - 1988

11~~-----------------------------------------------'

114

113
112
111
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106
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9~~--,---.---.--'r--'---.---r---r---r--~--~--r-~
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1976

o

Source

1977

1978

1979

1980

1981

1982

Time (years)
Import Price

+

1983

1984

1985

1986

1987

1988

Export Pri ce

Economic Trends, Page 26.
Data in terms of US Dollars.

The oil price ri~es, in 1973 and 1975, trebled industry's
energy costs and highlighted British companies I inability to
respond quickly and effectively. These problems were exacerbated
in many industries by conflict between management and their
employees, leading to frequent disruption and stoppages. There
was also a sustained period of high inflation and a falling value
of sterling, which diminished people's earnings, and resulted in
poor working conditions due to a lack of appropriate investment,
(Pagnamenta and Overy, 1984).

5

During this century travel has become more extensive and
relatively cheap, creating vital access to overseas markets.
This globalisation of markets, wi th fewer trade barriers and
restrictions, has opened up new markets, but also intensified
competition.
It is with this background and under these circumstances
that British companies have to operate and compete. They have
to manage their resources of people, money, processes and
products in a manner which is going to overcome past
shortcomings.
In addition, they have to compete with an
increasing number of overseas competitors.
The development of new automatic machinery and sophisticated
computer controlled systems are a further advancement for
manufacturing technology. It is critical that British companies
adopt the most appropriate technological and manufacturing
systems to ensure they maintain competitiveness. However, during
this century, Britain has usually been following an agenda set
by other countries. It is critical that there is a change to the
traditional "culture" of companies, and "attitudes" of the people
who work within them, if they are going to become more conducive
to change.

6

~

structure of the Thesis

The objective of the thesis is to study the strategies and
tactics to be adopted by a company facing the challenge of
developing new products, introducing new systems and implementing
new technologies within a UK environment. Where possible company
strategies and tactics towards AMT are compared, and the major
successful policies highlighted.
This work identifies the variables that have to be
considered by a company, when it is formulating its strategies
for implementing AMT and associated systems.
It outlines the
problems companies have to overcome, and the changes that have
to be made.
The thesis, itself, is a systemic approach to the
investigation.
Initially it reviews existing advanced
manufacturing technology, and the relative strength and position
of the UK economy. It also outlines the definitions and theory
relating to systems, strategies and tactics.
since there is a large variety of technologies and practices
in operation within industry, it was decided to conduct a survey
of 20 companies.
This was considered to be the best method,
given the time constraints for obtaining adequate details of the
technologies, the systems in operation, and the strategies and
tactics adopted.
The specific questions required by the
research, the design and methods used, along with the
characteristics of the companies surveyed, are given in chapter3.
with UK companies, in general, accused of being slow to
adopt new technologies and complementary systems, the first stage
looks closely at the initiation and implementation process. The
process begins at the time when the company identifies that there
is a "need for change" through the planning and preparation, to
the installation and operation of the technology.
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This research soon realised that the new technology was not
a simple replacement for old conventional machine tools. If the
new technology was being adopted on a large scale, it was having
an influence on every aspect of manufacturing, including the
process, positioning, labour and materials. The changes that
have taken place with respect to these resources, and in the
manufacturing strategy as a whole, are discussed in chapter 5.
The implications and effects are also experienced by areas
other than the manufacturing departments. Those companies, who
make the most of new technologies and systems, have to change the
operations and procedures of other departments. This research
looked at the maintenance, procurement, marketing, and design
functions within the surveyed companies to see what effect the
new technologies had on them, as a necessary part of the systems
approach.
The final part of the investigative research looked at the
factors which could influence the success of the new technology,
but were not controllable by the individual company. These so
called "environmental" issues include the equipment supply
industry, the financial insti tutions , the trade unions and
Government.
The work resulted in the development of a ten point model
which describes how companies should tackle new investment in
technology, and the systems that are required to complement it.
It also highlights the areas where particular attention and
resources need to be focused.

8

Chapter 1

References

Boody, D. and Buchanan, D.A. (1986), "Managing New
Technology", Oxford.
Chatterton, J .A. and Leonard, R. (1979), "How to Avoid the
British Disease", Northgate Publishing Company.
Clews, G. and Leonard, R. (1985), "Technology and Production",
Philip Allan Publishers.
Derry,

T.

and Williams, T.
Technology", Oxford.

Pagnamenta, P. and Overy, R.
BBC.

(1973),

"A

Short

History

of

(1984), "All Our Working Lives",

Rothwell, R. and Soets, L. (1983), "Technology and Economic
Change", Physics in Technology, p270.
Scientific American (1977), "Microelectronics - The Scientific
American Book", Freeman.

9

CHAPTER 2

BACKGROUND AND OVERVIEW TO ADVANCED MANUFACTURING SYSTEMS

ChApter 2
Background and Overyiew to Advanqed Manufaqturing Syst.ms
~

Introduction

The chapter begins with a review of the major reports that
have been conducted over the last 10 years in the field of ANT
and robotics. This is followed by an overview of each of the
main research areas within ANT.
There is then an outline of what is understood by ANT, and
an overview of the rate of diffusion of robotics in the UK and
the rest of the world.
Similar to the adoption of many new
technologies, the real lessons are only learnt from assessment
of the pioneers.
The research discusses the reasons for and
against automating, with a brief assessment of the costs and
benefits.
This is followed by a detailed review of the theory of
"systems", and how it can be appl ied to ANT and the company. The
section also provides a background to the need to study the
strategic and tactical issues, and on the control of technology.
Recently, in the American journal Fortune, Kirkland, (1988),
announced that "Britain is Back" from two decades of steady
economic decline. Using the national economic data published by
the OK government ministries, the research studies the trends in
manufacturing performance, employment, and other economic
indicators. Then comparisons are made with Britain's four main
industrial competitors, united States, Japan, West Germany and
France, before responding to whether Britain is restraining the
fall.
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2.1.1

Literature Review
previous Reports into AKT

The first comprehensive study into AMT was made by ACARD,
(1983), which gave clear recommendations to the government, AMT
equipment suppliers, as well as to the users.
It clearly
concludes that companies wishing to remain competitive have no
alternative but to invest in AMT. But there is a warning that
the evaluation and implementation of AMT has to be a fundamental
part of the company's corporate strategy.
On an international level the Economic Commission for
Europe, (1985), conducted a report in which it collated the
number of robots (and other related technologies), their rate of
diffusion,
applications,
industrial
characteristics
and
implications. However, the contributions, which came from many
nations, were often incompatible, making comparisons difficult.
One further broad ranging report on AMT was conducted by
NEDO, (1985). It gave detailed quantitative data of the changes
that ~ad accrued to the balance sheet, profit and loss account,
and a selected number of performance indicators for eight
anonymous companies. With the exception of outlining the reasons
for the companies deciding to automate, and for the technology
not living up to expectations, none of the quantitative data was
analyzed. The two main conclusions were that, (i) the planning
investment
in ANT
provides
substantial
financial
and
organisational benefits to companies of all sizes, and (ii)
investment can be largely self financing with only short term
requirement for external funding.
The first major study of robots in British industry was
carried out by Northcott, (1986). From the users' viewpoint the
report dealt with the number of robots, the characteristics of
the industries in which they were being installed, the costs, the
benefits, and the factors for success. It also looked at the
11

robot supply industry, the effect on employment, the attitudes
of the workers and the role of the government. The report found
that
(i)

the users have found their robots to be worthwhile and
profitable,
(ii) robots should be designed, marketed, installed and used as
part of a wider AMT system,
(iii)robot support grants have been popular and effective and
should be restored,
A full list of the report's conclusions appear in Appendix IX.
Much is reported about the traditional attitudes of
Bri tain 's trade unions, but there are fewer surveys on management
attitudes to change.
MORI, (1986), conducted a survey for
Ingersoll Engineers on Britain's Directors and Middle Managers
on their attitudes to change. The respondents surveyed felt that
they had been more successful in managing industrial relations
than in applying AMT.
They acknowledged the need to improve
communications through the application of Information Technology,
(IT), and additional consultation with employees prior to any
changes. However, the Directors and the Managers believe that
the attitude of the shop floor workers is the main obstacle to
success.
TWo surveys by the Economist, (1987 and 1989), highlight the
phenomenon of the "Factory 'of the Future" and
"Business in
Britain" respectively. They provide a general background to the
problems and experiences of automating, and outline the state of
British Industry.
Preliminary research results and working papers from the
International Institute for Applied Systems Analysis, (IIASA),
explained the factors of, and reasons for, the diffusion and the
impacts of AMT (Ranta, 1988).
The three year project, to be
completed July 1989, concentrates on FMS and elM, and covers
Europe, Japan, and North America.
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Most of the information regarding the numbers of robots in
industry, are provided by the British Robot Association, (BRA)
in their annual pUblication "Robot Facts". The sources of their
data are the equipment suppliers, who are also the main sponsors
and contributors to some of the trade journals, such as
"Automation". This journal conducted their own survey I in which
they described recent events within the robot supply industry.
Each year there are many conferences on AMT around the
world. They include research into all the different aspects of
JIT inventory control, "Qual i ty Circles", laser technology ,
machine sensors, and software systems.
The conference
proceedings are a useful source of information, along with the
first encyclopedia on Robotics (Dorf, 1988). This is the first
attempt made to catalogue most of the different aspects of
Robotics into one publication.
2.1.2

Re,earch into

IKT and it, Ar,a, of Influ,nce

Zermeno-Gonzalas, (1980), was the first research student to
conduct work into the development, and diffusion of industrial
robots. The work which was carried out during the infancy stage
of robotics in the UK, and studied employment aspects within the
robot manufacturing industry. This work was continued by Fleck,
(1984), and White, (1984), at the Technology Policy Unit (TPU),
University of Aston.
The unit has also done research on the organisation and
management of robotics (Fleck, 1987), and into the implementation
of robotics in a food manufacturing company (Drayson, 1986).
This thesis took a case study approach, and concluded that long
term planning orientation and an integrated approach to
implementation were crucial. The need for a multi-disciplined
approach with specialist expertise was recommended. In addition,
the inappropriate nature of "Payback", as an investment appraisal
technique was restricting long term projects, and discouraging
the formulation of corporate strategies.
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Some joint research was conducted between the Technology
Policy Unit, and the Technical Change Centre, (TCC). This also
concentrated on the future prospects in the West Midlands for
employment, training, and supply of robotic technology (FleCk,
White, and Dickson, 1985). This was complemented and advanced
by Dodgson, (1985), and Mahedeva, (1985). Their work concludes
that there is much scope for AMT in small firms as they are more
adaptable to change, and less unionised. In general, the key to
the successful implementation of AMT is in carrying out the most
appropriate training.
All research into robotics and new technology suggests that
accounting conventions and practices, relating to both internal
and external accounting, and especially investment appraisal
techniques, are a major barrier to the diffusion of AMT. Despite
well recorded discrepancies in Management Accounting by Kaplan,
(1984), Coates and Longden, (1988), and Johnson and Kaplan,
(1987), only Kaplan, (1987), and McMonnies, (1988), have made
suggestions on how the methods should be changed. The claim is
that Management Accounting, which was introduced to assist
management in the 1920's to obtain a more accurate impression of
the companies' performance, now contains irrelevant, and
therefore useless information.
companies are a little more flexible at relaxing the
criteria for accepting investments. However, this does not
detract attention away from' the fact that present investment
appraisal procedures, combined with the criteria included in
them, discourage the implementation of new technology.
Work
carried out by the Total Technology Department, (TTD), at UMIST,
has resulted in a computer proqramme named "IVAN" which uses 37
variables to evaluate a project. Primrose and Leonard, (1984),
describe how an investment appraisal can be carried out which
includes intangible, as well as tangible benefits.
Two further research centres, the Science Policy Research
Unit, (SPRU), at the University of Sussex, and the Department of
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Management Studies at the University of Glasgow, have both
carried out studies within industry, and reported on the
implications of adopting and managing new technology on an
organisation (Senker, 1984), (Lim, 1986), (Boody and Buchanan,
1986). In addition, research by Bessant and Haywood, (1986), in
their work on Manufacturing Innovation, believe that a totally
new approach is required which begins with a strategic plan.
This is because new technology, and particularly robotics,
changes the fundamental economic structure of the company,
requiring long term outlooks, planning and integration. These
are also the findings of Meredith, (1987).
The problem, in many companies, has been the power and
control of the accountants over the engineers. Hass, (1987), and
Skinner,
(1969 and 1978) , highlight the importance of
manufacturing to a company, and how the manufacturing strategy
has to be part of a totally integrated system.
Hayes and
Wheelwright, (1984), and Hill, (1987), look at the important
strategies and tactics required to formulate a manufacturing plan
to advance, retain or restore a company's competitive edge.
In Western Europe and North America, many companies have
been forced into adopting Japanese working practices. The new
systems of inventory control, quality control, employee
participation and harmonisation, and design for manufacture are
well documented in Lee and Schewendiman, (1982), and Schonberger,
(1982 and 1986). The new manufacturing systems are needed to
react to continued greater productivity aChieved by the Japanese
over the Europeans and North Americans.
The combined effect of implementing new technologies and
manufacturing systems have revolutionised many companies. These
have lead to work on the Management of Innovation, the process
for new products as well as new technologies (Bessant and Grant,
1985). The consequential effects on the learning or experience
curves have been researched by Belkaoui, (1986), and, Abernathy
and Wayne, (1974). These relate to company's products, and not
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necessarily to the AMT equipment. Indeed, information regarding
the equipment suppliers is restricted to specific conference
proceedings, and the trade journals, such as "Automation", "The
Engineer", "The Production Engineer", and the monthly BRA
newsletter.
The Work Research Unit, (WRU) , a branch of the Advisory,
Conciliation and Arbitration Service, (ACAS), provide information
about developments related to the "Quality of Working Life".
Details relating to the management of human resources, training,
working practices, management attitudes and trade unions are
included with references, and citations provided.
They also
promote government literature from the Department of Employment,
(DoE), and the Department of Trade and Industry, (DTI), for
instance "Employment Training", and the "Enterprise Initiative".
The concept that, to remain competitive, companies must
automate is not a contentious issue (Stevenson, 1985). The key
factor is the extent to which a company should automate, and how
quickly it is done.
In addition, the selection of the right
technology process and organisational changes are also critical
(Economist, 1988), (Hoffman, 1986). The failure of some companies
not to fully utilise automation is because they expect too much
and do not appreciate their capabilities. Therefore, to avoid
making costly errors, careful planning and a "step by step"
approach is needed (Spur, 1985), (Haxby, 1986).
There are many different impressions and perceptions of the
so called "Factory of the FUture". The man-less environment is
still many years away, but the leading companies are employing
fewer direct workers, and implementing CIM. Merchant, (1985),
believes that only when CIM technology is exploited will the manless factory become a reality.
However, Kaplinsky, (1984),
believes CIM will become reality when companies integrate their
stand alone "islands" of automation, with other functional
activities such as design and information technologies.
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Research into ANT equipment has now diversified, with few
companies and academics able to concentrate on all the areas.
Engelberger, (1982), and, Ayres and Miller, (1983), are general
texts covering the fundamental part of robots, their evolution,
anatomy, and types of grippers.
They also give an array of
applications and highlight some of the social, economic, and
management implications of adopting such technology.
There are then the more specialised studies into the
activities of machine interfacing, programming, robot vision,
control systems, artificial intelligence, expert systems and
sensors.
These topics are reviewed in papers by Alexander,
(1983), PUgh, (1983), and, Brady and Paul, (1984).
It is
noticeable that the contributors are predominantly Japanese.
One maj or aspect of this research has been to make the
systemic linkage of the different topic areas reviewed above, and
which are usually treated in isolation. This has allowed the
research to study some of the interfacing relationships which are
often overlooked in individual studies, and singular case
studies.
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Advanced Manufacturing Technology

With the UK economy in steady decline relative to its major
competitors for over 20 years, the research has highlighted AMT
as a possible solution to reverse the trends.
This section
defines what the research understands AMT to be.
It is
acknowledged that AMT on its own, is no solution, and that it has
to be accompanied by a new approach to the "whole" system in
which the company operates.
AMT, being a broad definition, covers a large range of
automation. Consequently, the research has selected robotics,
which can be more specifically defined to illustrate the rate of
diffusion into both a UK and world context. The attributes of
robotic systems, that have been implemented, are then assessed.
The research then looked into the reasons why some companies
decided to automate and others did not. This information is a
mix of reported data from the experiences of those pioneering
companies, and the information collected from industrial visits.
2.2.1

Definition of

ANT

There are many different definitions in various studies that
have been carried out on robots, automation, and AMT. The term
"robot" originates from the word "Robota", the Czechoslovakian
word for a "serf". The phrase was first used by the playwright
K. Capek, in 1920, in a play titled "Rossum's Universal Robots",
highlighting agricultural labourers being forced to work the
land.
The first industrial robot was built by Unimation in 1961,
and was sold to the Ford Motor company. It was a die casting
machine and driven by hydraulic systems. Hawker Siddeley was the
first British company to utilise the services of a robot in the
form of an arc welder, in 1974, to produce railway carriages.
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Robot development was enhanced in 1975 with the introduction
of the electronic drive. This increased the number of potential
applications for robots, because it provided greater accuracy and
control of continuous process operations. The technology has
continued to develop, and with more refinement, has led to
further applications, greater consistency and repeatability. In
addition, the increasing sophistication and integration of
computers, vision sensors, and lasers has made robotic technology
the key to manufacturing success.
The internationally accepted definition of a modern day
robot is provided by The Robot Institute of America, (RIA),
"A robot is a reprogrammable, multi-functional, manipulator
designed to move material, parts, tools or specialised
devices, through variable programmed motions for the
performance of a variety of tasks."
The definition from the British Robot Association is a more
general variation of the RIA's, given above.
Meanwhile the
Oxford English Dictionary, (OED), is less technical and links the
human, and intelligence factors.
"Apparently human automation, intelligent and obedient but
impersonal machine; machine like person."
These definitions of an industrial robot were too specific
for the research, and broader definitions on automation and ANT
were required. The explanation below formed the basis for the
research, as it covers a wide range of technologies and
emphasises the implications on the rest of the company and its
systems.
"Advanced Manufacturing Technology is any substantial
relevant and new manufacturing technique, the adoption of
which is likely to lead to changes within a firm in
manufacturing practice, management systems and approaches
to design and production engineering of the product."
(ACARO, 1983)
The ANT referred to in the above definition includes
robotics, CNC, FMS and Dedicated Transfer Lines.
The
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appropriateness of each of the four types of AMT is shown in
figure 2.2(1). It clearly illustrates that the larger volumes
require the less flexible automation. These points are discussed
in detail by Hill, (1987), and Starky, (1986).
liqura 2.2(1)
Relationship Between Prooess Choioe and ANT
Process Choice
Efficiency

<----------------------------Flexibility

---------------------------->
Line

Dedicated Transfer Lines

Flexible Manufacturing Cells
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Batch

Flexible Manufacturing
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Batch
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~

________________L->

Medium
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Number of Different Variants
The computer Numerical Control machines were first made in
1950'S, but were never fully utilised until 1970, when they
became more reliable, as the control unit was based on minicomputers. In 1975 they were controlled by micro-computers. The
CNC is a machine tool, which automatically performs the required
operations according to a detailed set of coded instructions.
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The operation of machine tools is most commonly carried out by
numerical data stored on paper or magnetic tape. Developments
in the 1980's have allowed the instructions to be passed directly
from the computer to the machine.
The CNC machine tool is commonly used for metal cutting
processes such as milling, boring, turning and grinding.
However, their application has been broadened to include tube
bending, shaping and sheering. Edquist and Jacobsson, (1988),
illustrate how the share of the total machine tool investment
spent on CNC rose from 19% in 1978 to 62.4% in 1984.
This
proportion is greater than that in Sweden, Japan and the US.
The stand alone CNC machines have received much more
attention than FMS, which are associated with multi-purpose midvariety products. The Flexible Manufacturing System is defined
by Warnecke, (1983), as :
"Several automated machine tools (such as CNC machines) •••
interlinked by an automatic workpiece flow system in a way
which enables the simUltaneous machining of different
workpieces which pass through the system along different
routes."
Dedicated Transfer lines involve the use of special purpose
machine tools and automated work stations, interlinked by a work
piece flow system along the same path. The machine is dedicated
to only a limited number of tools, which cannot easily be
changed.
2.2.2

Rat, of Diffusion of Robotics

Graphical evidence, clearly shown in figures 2.2 (2) and
2 • 2 (3) from the BRA, illustrates that the UK has not been
automating to the same extent as Japan, US, and a selection of
other European countries. Data, from Eastern Europe and other
parts of the world, are not known.
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Figure 2.2(2)
UK Robot population from 1974 to 1988
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Figure 2.2(3)
World Diffusion o f Robots at the End of 1984

W.- German 6.9%
France 3.5%

U.S.A 13.6%

Italy 2.8%
U.K. 2.7%

Sweden 2.0%
Belgium 0.9%

Source:

Economic Commission of Europe,
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(1985).

In 1987 there were 18,300 robots operational in the UK,
compared with 38,600 in W.Germany and 68,000 in the US. Of those
installed in the UK, the most common applications were injection
moulding, spot welding and arc welding, with assembly and machine
loading being the other two popular applications. The trends for
the robotic population in the UK is encouraging as there is a
steady growth (Robot Facts, 1987). However, when compared with
Japan, US and W.Germany the figures are disappointing.
The
figures quoted by the BRA are greater than those published by
Edquist, (1984). Dormant or abandoned robots and a time delay
could account for some of the difference.
The automotive industry remains the most common user of
robots with a total of 1,270, (30%), with rubber and plastics
845, (20%), second.
These industries have mainly been the
developers of robotic technology because of the high valued
product manufactured on a repetitive and continuous basis, often
in unpleasant and hazardous conditions.
It is claimed by some industrialists that there is not a
sufficient robot supply industry to service the country's needs.
However, of those robots installed before the end of 1987, 34%
were manufactured in 'the OK, 20% came from Japan, 15% from the
US, and 30% from the rest of Europe. Furthermore, in 1987, 44%
of the robots installed originated from the UK. This is because
some of the overseas manufacturers have established UK bases, or
are licensing their products' to UK manufacturers.
The majority of the OK made robots, (67%), cost less than
£20,000, whereas 61% of the Japanese robots cost between £20,000
and £35,000, whilst 61% of the European robots cost more than
£35,000. This is significant in that the UK is dominating the
low valued robots applications, such as injection moulding and
machine loading. The greater valued products are in the welding,
surface coating and the more complex assembly applications.
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The rate of diffusion of the four technologies are
different. Jacobsson, (1986), outlines three phases to the
conceptual life cycle of any product. These are :
1.
2.
3.

slow diffusion,
growth,
saturation and maturity.

The profile for robotics and FMS, as isolated units, will
be in between categories (1) and (2), where as Edquist puts CNC
in (3):
"Numerical Controlled Machine Tools for turning, drilling,
and milling functions can be said to be mature technologies
in terms of the "s" curve concept. They have already moved
to the stage in their product life cycle where
standardisation and mass production was essential by the
latter half of 1970's. Today the main innovative efforts
lie in "systems building".
(Edquist and Jacobsson, 1988)
As the technologies move from stages (1) to (3),
Hagerstrand, (1967), identifies three distinct characteristic
changes :
1.

Standardisation: fewer custom designed features and less
need of specialised skills to use it.
2.
Product Differentiation: move away from the specifications
set by the larger customers, broader range of models
available to include more simple types.
3.
Price Reduction : consequence of simplification and
benefits from "economies of scale".
Jacobsson, (1986), states that often new products or
techniques are characterised by functional superiority, rather
than by low price. This is because close contact has to be made
with the market so that the producer can acquire the ideas for
product developments. Hagerstrand, (1967), and Brown, (1981),
both believe that the rate of diffusion of new products depends
upon the effective flow of information and the resistance to its
adoption.
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2.2.3

Benefits that Bncourage the Adoption of ANT

It has been illustrated how those countries, whose economies
have been developing more quickly than the UK, have companies,
who are adopting AMT at a faster rate. The implementation of AMT
and AMS has become synonymous with competi ti ve manufacture. The
market place and customers have greater purchasing power, and are
more particular about the products they buy.
This is why
companies need to be more flexible in the products they produce
and simultaneously maintain a competitive price. The concept of
buying the cheapest product has been replaced by "Value for
Money" •
Companies are often negative in their approach to
automation, with management often stating the bad influences of
their business that they wish to eradicate, rather than outlining
the positive benefits of AMT. The problem for many companies is
that AMT alone is not going to make a bad system good. Unlike
previous equipment overhauls, to attain the best from AMT, it has
to be part of a new strategy and philosophy.
Initially, the company must have good reasons why it should
purchase any AMT system, whether it be a robot, CNC machine, FMS
or dedicated transfer line.
The long list of attributes and
benefits of AMT has been compiled from the trade journals between
1984 and 1988. Specific work by Ayres and Miller, (1983), and
CEDEFOP, (1986), give more detailed explanations.
The first four items in the list are the main direct cost
benefits of AMT, and are the most common criteria used by
companies, when conducting their investment appraisals.
The
second series of four items represent the attributes and
capabilities of the AMT equipment.
These are some of the
intangible benefits, which are used to support investments in
ANT.
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1.

2.

3.

4.

5.

6.

7.

8.

Material Costs; Fewer rej ect parts, rework, and more
consistent machining results in reduced tolerances and
greater utilisation.
Labour Costs; The reduction in the number of shop floor
workers is the main reported reason why companies automate.
AMT is perceived by many companies as being purely labour
saving devices.
Energy Costs; The individual equipment consumes a greater
amount of energy, but since it often replaces several
conventional machines, the overall energy costs are lower
for an equivalent job.
Production Throughput
For an equivalent job, AMT
Furthermore, once set up,
production rates are higher.
they may be left unattended, making it easier for the
machines to work through "break" periods, and for 24 hours,
thus increasing the machine utilisation.
Eliminate Tedious and Hazardous Jobs; The technology can
be adopted to eliminate those jobs which are repetitive,
dangerous, and demoralising.
Flexibility; Selection of appropriate equipment can lead
to the same piece of automation being able to carry out
many different functions, making it more adaptable than
conventional machinery.
Quality; Automation has greater consistency, reliability,
repeatability and accuracy in production. This results in
an improved product or component, and fewer rejects.
Safety; New ANT is much safer than conventional machines
as the main machining centres are protected by guards,
which, when broken, can automatically stop the machine. In
some cases the guards are also used to reduce the noise
level.

These are the direct benefits to a company from the purchase
of AMT.
However, the company should achieve additional cost
benefits that are not directly related to the equipment as
outlined in points 9 to 12. In addition, there are some further
non-quantifiable strategic benefits which accrue from the
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adoption of AMT.
The variety of issues outlined in the list
illustrates the broad sphere of influence large amounts of AMT
can have on a business.
9.

10.

11.

12.
13.

14.
15.
16.
17.

18.

19.

20.

Design Costs: Large economies can be made by using CAD in
the design process and its potential direct link with CNC
machinery.
Inventory; With lower Economic Batch Quantities (EBQ) , and
incresed awareness of the opportunity cost of holding stock
and occupying space, there is less need to hold buffer
stocks leading to lower inventory throughout the factory.
Factory Space; Reduced inventory and more sophisticated
technology carrying out jobs, previously done by more
machines, have resulted in a greater utilization of factory
floor space.
Marketing: AMT has allowed a greater variety of products
to be made, which has improved total sales and profits.
corporate Imaae
With more sophisticated machinery,
companies have been able to give greater assurances that
products are "good first time, and on time".
This has
resulted in improved public relations and corporate image.
Production Lead Times
Actual production times to
manufacture a product are lower.
Product Lead Times: The whole system of developing new
products is reduced.
Set Up Times; Machine change over times are lower.
Reduced Batch Size; Automation has the effect of reducing
the EBQ, as set up costs and changeover times are often
reduced.
Production Control; With properly implemented technology
and complementary systems, fewer people, machines and
inventory should make production control easier
Added value ; Several new technologies have addi tional
functions and capabilities, which allow companies to add
greater value to their products.
communication and Integration: AMT allows departmental
barriers to be broken and promotes integration between them.
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At present automation is replacing the physical human tasks
of production, and especially those relating to tedious jobs and
requiring great attention to detail. The three quotes below are
typical of those found in the literature, and refer to the three
principal reasons for automating.
"The basis for competitive advantage is flexibility."
(Hayes and Wheelwright, 1984)
"The prime issue is labour displacement, as in the period
from 1979 to 1990 wage rate are expected to double. Labour
saving is the principal reason for adopting robots."
(Engelberger, 1980)
"The performance of hazardous operations and undesirable
tasks can often be a cost effective solution since there
should be fewer complaints, stoppages, slow downs and less
turnover of staff, absenteeism, grievances, sabotage and
training of replacement staff."
(Hunt, 1983)
Data on the unit Labour Cost Index, given in section 2.4.2
for both the UK and the US, supports the statement from
Engelberger, the president of Unimation, whilst the limited
information on industrial stoppages could back Hunt's statement.

2.2.4

R,asons that Discourage the Adoption of ANT

If companies believed, uncritically, all the attributes and
the benefits of AMT, then the adoption rate would be much
greater. Below is a comprehensive list of the possible reasons
why companies may not have automated their production facilities,
or only implemented a low proportion.
1.

2.

cost; The overall cost of AMT, including the actual price,
accessories, control systems, special tooling, and changes
to the factory layout and conditions, is expensive. There
may also be additional costs relating to training, support
services, and modifications required to the basic models.
Awareness of the Technology; In many instances companies,
and particularly the smaller ones, may be unaware of the
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3.

4.

5.

6.

7.

8.

9.

10.

is
equipment
that
available,
its
attributes
and
capabilities.
suitability of the Technology; Even when a company is
aware of the technology available, it may be unclear as to
whether it will be suitable or appropriate for the intended
application. The problem often arises when the technology
is observed in non-comparable applications.
Trained Personnel; It is clear that some companies are
worried that they do not have the skilled personnel needed
for such an investment at all the levels from operating,
support and maintenance.
Difficulties Experienced
Often adverse reports from
sources, who have experienced difficulties with the
implementation, equipment suppliers or other problems
outlined is 2.1.5, are an obstacle to the adoption of AMT.
Trade Unions; Any major changes to production equipment or
methods require the agreement and support of the company's
workers and trade unions.
If wrongly managed, the trade
unions can be a deterrent to the introduction of AMT.
Financial Accountants; Many of the benefits of AMT are
strategic
and
often
non-quantifiable
financially.
Therefore they are neglected for purposes of investment
appraisals.
Dogmatism; At all levels of a company, from the board of
directors to the machine operators, there can ba a dogmatic
attitude towards the introduction of new systems.
Company structure; The 'organisation of a company, which is
too
rigid
and
departmentalised,
restricts
the
interdisciplinary
communication
necessary
for
the
successful implementation of ANT.
scepticism; The quickening rate of development in ANT
makes management sceptical of the intended attributes,
whilst employees fear the change will result in job losses.

Despite the actual cost of the implementation of ANT the
three main barriers to adoption are financial, attitudinal, and
suitability. The attitudinal problem can be overcome, and if the
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need is great enough, so too can the financial obstacle.
Therefore, the key criteria is the suitability of the equipment
to do the intended task. Chapter 4 outlines how, only through
detailed planning, this can be achieved.
Tabl. 2.2

Wh. R.asons WhY British Industry is Reluctant to Inyest in IKT

Ii2
1.

2.
3.
4.

5.
6.
7.
8.
9.
10.

B.IIOD
Limited financial resources.
uncertain future market trends.
Resistant to change.
Difficulty in obtaining information
on new technology.
Uncertainty of continuity of labour.
Obtaining suitably trained labour.
Difficulty to change product design
for new technology.
New technology is never considered until well
proven.
Technology is advancing too quickly.
Appraisal studies have NOT been carried out
comparing new technology with existing method

1
64.3
58.3
7.8
7.0
10.4
15.7
22.6
33.9
13.0
17.4

Research conducted by IProdE, (1980), established the
reasons why British companies were reluctant to invest in AMT
with the results shown in Table 2.2. It is suggested that this
revealed a list of excuses that illustrates the inadequacies and
discrepancies of management', in planing and operating their
business properly.
2.2.5

Problem' Associated yith lIT

There are three categories of problems that can be
associated with AMT. These are technical, human and managerial.
The job of implementing a major AMS is a long and time consuming
task, in which great attention to detail has to be made. Below
are some authors' thoughts on the technical problems associated
with all forms of automation, and the reasons for the slow rate
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of diffusion in the western industrial nations, and the UK in
particular.
"Diffusion failed due to high cost and technological
problems especially in the area of control systems."
(Lupton, 1984)
"The credibility of
adoption."

AMT

is

a major obstacle to

it IS

(NEDO, 1985)
"There is a grave shortage of trained technical experts for
installation, programming and maintenance. Technological
literacy and competence is required in computer scientists,
software engineers, engineers and technicians.
(Hunt, 1983)
It is clear that in many cases the actual machinery, "per
se", causes few problems. The main difficulties are the failure
of management to formulate strategies that are devised to achieve
specific goals. This is illustrated below by the list of reasons
for technology not livinq up to expectations given in the
National Economic Development organisation, (NEDO report of
1985).
"-lack of management commitment,
-poor communications and incomplete involvement with
employees,
-inadequate inventory records and engineering data,
-inadequate detailed planning,
-unsuitable organisation structure,
-a piecemeal approach to investment,
-insufficient training,
-under resource implementation programme,
-lack of involvement with equipment suppliers,
-understanding software requirements."
(NEDO, 1985)
It can be seen that none of the factors mentions the
technical performance of the equipment. Therefore one of the key
roles for management is to assess the suitability of automation,
the form that it should take, and to match it to the workplace
and system. Early problems with the accuracy and repeatability
of automation and robots have, on the whole, been rectified,
although problems are most likely to occur when the pick up load
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is close to the maximum, and new applications and specific
adaptations are made. Other problems are outlined below.
"The majority of existing company manufacturing systems and
product designs have manual production in mind."
(Morgan, 1984)
"The reasons for the slow market uptake is that industrial
robots of the current vintage are not yet as effective as
humans in many jobs."
(Ayres & Miller, 1983)
"Are robots needed or is dedicated automation the better
alternative."
(Northcott, 1986)
The social and labour implications are well documented by
Kaplinsky, (1984), and Woodward, (1965).
It is generally
accepted that new technology has brought about improved working
condi tions, especially where the machines have replaced dangerous
jobs.
The requirement of safety guards has lead to a safer
workplace with fewer injuries.
The level of skills required and the amount of human stress
are issues for debate.
There are certainly some manual
operators, who require fewer skills and incur less stress, as a
result of automation. However, in general, it is believed that
employees have to be more flexible, skilled and accountable for
the work they do and consequently face qreater stress.
"The days of the unskilled labourer are passinq and
tomorrow's world will be built usinq hiqhly skilled
technicians, enqineers and scientists."
"Robots seem to induce a hiqher level of stress than other
more conventional types of automation."
(Morqan, 1984)
This highlights that the so called "skills" are beinq
transferred from the factory floor into the backup support
The chanqe may be slow, but employees are always
services.
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sceptical when changes are being made to the production
technology, methods or products, which naturally result in a
certain amount of opposition. This is especially the case when
they fear for their jobs.
"Opposi tion is as a result of fear, and fear is born of
ignorance, but they have to be accepted eventually as "one
of the men". Initial curiosity is supplanted by tolerance
and finally rapport."
(Engelberger, 1980)
The world is forever changing and companies cannot rest on
their laurels.
Imperialist and dogmatic attitudes may be a
reason for Britain's failure to export their products to other
Attitudes have to change, but the process is
world markets.
often slow.
However, as long as the employees fear that new
technology will increase productivity and unemployment, their
will always be resistance to its introduction.
"History, attitudes, institutions and beliefs are slow to
change and are inappropriate to the challenges which face
us."
(Lupton, 1984)
"The importance of work people having the right attitudes
towards robots and robot systems cannot be over
emphasised."
(Morgan, 1984)
Having the right attitude and personnel management
strategies are critical to any change in working practices. When
automating, companies have to make a conscious effort to
implement it in a manner that causes least disruption to the
system as a whole. The well managed business will achieve this
by planning its strategies and tactics accordingly, so that it
remains competitive, in control, and responsive to change.
"Enhancement of competitive position by reducing production
costs and being able to meet changes in market demand
quickly, and more cheaply and using the same production
facilities."
(Hunt, 1983)
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However, there are concerns about the calibre of some
management teams, their attitudes towards training and the
rationale behind some of their decisions.
"-management training is not taken seriously enough,
-management training is not geared towards increased
competitiveness,
-manufacturing management does not attract enough high
calibre and well qualified people."
(Lupton, 1984)
"Companies are not automating because their management
adopt short sighted attitudes and fail to educate and train
for AMT."
(Brown, 1987)
"Instead of driving for automation major manufacturing
companies began to build new factories in the Less
Developed countries (LDC) where the local wages are low."
(Kaplinsky, 1984)
The major criticisms of UK industry, and its management, is
that it seldom knows what its corporate aims and objectives are,
and only looks at the short term scenarios. Consequently, they
are often unable to formulate long term and a cohesive business
strategies. It is argued by Voss, (1986), that the reason for
companies not adopting a systems approach is because they are
more concerned with technical objectives rather than business
ones.
without strategic goals, management is unable to formulate
its tactics to manage effectively production volumes. Once the
objectives have been agreed the manufacturing strategy may then
be formulated.
"Companies have to adopt to a changing market place which
is demanding greater flexibil i ty .•• this requires a whole
new manufacturing strateqy."
(Kirton, 1986)
"The problem is the incompatibility between the technoloqy
and the organisation. 1t
(Bessant & Haywood, 1986)
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"Disputes about whether robots are always the best solution
depends as much on the company's products and production
process as well as the characteristics of the robot system.
TWo key factors which have to be assessed are the product
life cycles and the production work cycles."
(Morgan, 1984)
The result of research by Ettlie, (1986), into the major
problems to the successful implementation of AMT, are given
below:
BelpoDle

B.aSOD
1-

2.
3.

Software and Programming
System Integration
system Design Flaws

'erceDtage

16

39

15

37

14
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other less important problems were the aspects of not fully
understanding the goal of the company, and its attitude to
training.
This section has highlighted the need for a company to
formulate corporate strategies with clear aims and objectives.
Those problems relating to the AMT hardware, software and
technical interfacing can be solved by the suppliers or their
agents.
However,
problems relating to the effective
implementation and management of AMT, is the sole responsibility
of the adopting company.
This research proj ect studies the
strategic and tactical issues a company's management have to
consider when formulating their future development plans.
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The systems ApproAqh

It is claimed that manufacturing companies do not operate,
in general, as effective systems. Two possible reasons for this
may be the evolution and development of their organisations over
decades, in which their procedures have become bureaucratic and
resistant to change, whilst the second is said to be short
sightedness, with a large emphasis placed on short term planning
by top management, in formulating their long term strategy.
The success of the Japanese companies in shaping the world's
leading industrial nation has highlighted the need for a "systems
approach", which effectively covers short, medium and long term
strategies. However, despite the reported efficiency ot Japanese
industry in developing sound and logical systems, Gow, (1986),
has found that there are failures as well as successes.
Meanwhile, it must not be forgotten that their are some
enormously successful UK and US companies (Peters, 1987).
To apply and develop the systems approach, the research
adopted the definition by Hall and Fagen, (Buckley, 1968) to
illustrate the operational level, and used Churchman's 5 basic
characteristics of a system to show the internal and external
business levels (Churchman, 1979). The management aspects become
apparent when the two systems are linked together.
2.3.1

AdYanced Manufaoturing T'ohnology
- AI ID Operational Iy.t,.
The definition of a system
"A SET of OBJECTS together with RELATIONSHIPS between the
objects, and between their ATTRIBUTES related to each and
to their ENVIRONMENT so as to form a WHOLE.
(Buckley, 1968)

To describe how this definition relates to AMT, the example
of adopting a robot has been made.
The concept of the whole
tries to create the idea of unity, and is an undefined area,
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which surrounds every influential factor of AMT.
Schoderbek,
(1985), believes that viewing the system as a whole is properly
termed "The Systems Approach". In addition, he believes whole
systems are often too large for individuals to comprehend, and
they have often to be broken down into more manageable
subsystems.
Schoderbek's interpretation of the systems
definition, given above, is summarised below.
The elements of a system are known as objects. There are
three categories of objects, which are the basic functions
performed by the systems parts. The Process object is the AMT
equipment itself, which transforms "input", such as raw
materials, into "output", like finished sub-assemblies.
The
ratio of output to input is often calculated as being a measure
of the system's efficiency. The collection of inputs, process
and output objects, are known as the set. This is because they
are well defined and clearly belong to the system.
Figure
2.3(1), showing the operational system, illustrates the system's
objects as rectangles.
The obj ects, although being discrete, have to be 1 inked
together within the system.
These linkages represent the
"relationship" between the connecting objects.
Schoderbek,
(1985), outlines three categories of relationship, synergistic,
symbiotic, and redundant. The "attributes" of the objects and
relationships described above, refer to their properties and
characteristics. Attributes of the process object and the AMT
are the technical details regarding the parts and the speeds of
performance. The attributes of the input and output objects are
the material dimensions, and the quality of the part assemblies
or final product.
In contrast the attributes of the
relationships and functions of the links can, for example, be the
detail and intelligence given to an object by an information or
feedback loop.
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Figure 2,3(1)
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Finally, there is the system "environment", which includes
all the factors which are partially or totally out of the
system's control, but which can influence its performance. For
instance, the suppliers of the AMT equipment are external to the
operating system, but have a bearing on the success of the
ultimate performance.
The management of planning, for selecting, justifying and
training for AMT and its system, is critical to the overall
success of any implementation.
This research builds on the work carried out by Drayson,
(1986), and Morgan, (1984), whose work looked at the process of
implementation, rather than at specific strategic issues, which
is the aim of this project. The AMT equipment is a sub-system of
the whole manufacturing process. It is therefore important to
establish how well companies utilise all their sub-systems in
determining the performance of the business as a whole, and the
process of deriving new sub-systems and relationships between
them.
The converse approach to this is to determine the type of
sub-system in terms of the objects, relationships and attributes
required to make the whole system function optimally. One of the
key approaches is to decide whether companies, in any ot their
strategic plans, identify and formulate the requirements for the
sub-systems. If this is the' case then the choice of which form
of AMT to choose, (if any at all), would be clearer.
2.3.2

Th. Company - as a BusiD.S. SYlt. .

Churchman, (1979), devised five basic considerations for a
system, which will be used to discuss the business system.
Initially, each system has to have objectives, Which can be
evaluated to monitor the performance of the system.
Every
company has both "real" and "stated" objectives for its system
and all of its components. The stated objective might be for the
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system to produce a set number of units per year, whilst the real
goal may be to monopolise the market, and maximise profitability.
The system environment is a consideration, which has been
discussed previously, for the operating system. However, on a
company level, the environmental factors include the group or
holding company, national and international economies, Government
and competitors. These are illustrated in figure 2.3(2).
within each system there have to be resources, which the
company has available to utilise, in order to achieve its aims
and objectives. The resources, such as employees, machines and
facil i ties, can be changed and adapted where necessary. Drucker,
(1980), and Wickens, (1987), are convinced that the people are
the most important and valuable resource in the system.
The system components are the functions or activities that
must be performed for the company to realise its objectives.
Within a company framework these include design, research &
development, marketing & sales, maintenance, manufacture and
procurement. However, Churchman, (1977), believes that there is
a danger that each system component will become too
departmentalised, by constructing barriers and deriving their own
objectives, which will ultimately lead to the optimisation of
sub-systems and not necessarily of the whole system.
The final characteristic of a system is the management of
it, which includes the planning and control. To satisfy the aims
and objectives of the company, the whole system has to be managed
effectively at all levels. The purpose of the research is to
highlight the key resources, components, relationships and
objects, and to investigate how a broad variety ot engineering
companies have managed them.
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Figure 2.3(2)
The company as a System
Diaqraa Depicting

c ••• Churchman's Basic Considerations of a system
Group or
Holding Company

Icompetitors I

'Design :

Research and
Development
I
RESOURCES

National
Economy

Trade
Unions
Sales and
Marketing

Employees
Equipment
Factory
Information
IMaintenance

(ManUfacture ;

IFinanciers)

I

J
Select and
Procure

Jcustomer

company Boundary
Government
EEC

International
Markets
Business Environment

Management of Resources within the Limitations of the Company's Objectives and Environment.

I

2.3.3

The Control ot Technology

The social implications of new automated technologies have
been well documented and reported by academics and psychologists,
such as Kaplinsky, (1984), Wall, (1987), and Warnecke, (1982).
They have discussed how dramatic changes to manufacturing
techniques and methods will have adverse affects on society and
employment.
However, 20 years after the first AMT machines,
similar articles are being written concerning the potential
consequences of automation.
Manufacturing is only a component or sub-system of the whole
business, with various constraints imposed, which restrict the
rate of ANT adoption. It is a further aim of this thesis to
isolate these factors, such as product design and to investigate
them in more detail.
It is important at this stage to draw the distinction
between the two possible types of "technology" within companies.
First there is the actual equipment technology, which is
discussed thoroughly by Collingridge, (1980). AMT is still young
in terms of its predicted life cycle, (see section 7.1), and
Collingridge believes that the real social consequences cannot
be fully understood because our technical competence exceeds our
knowledge of the social effects. However, there is a danger
that I when the undesirable consequences are discovered, the
technology will have become p'art of the whole economic and social
fabric, making "control" difficult. This is termed the "Dilemma
of Control", in which change is easy when the need for it cannot
be seen, but becomes more difficult and expensive when the change
is required.
with reference to the technological equipment, the project
has tried to establish how the manufacturing companies have
managed their introduction; for instance, to see how the
introduction of AMT has affected the control of the manufacturing
process, and to investigate how reversible, corrigible and
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flexible the systems have become.
Research has also been
conducted into the relationship that companies have with their
AMT suppliers.
AMT has not to be confused with the product technology
manufactured by the companies surveyed.
In some cases, the
companies I technology products were advanced, and could be
individually related to the work of Collinqridqe. However, tor
the purpose of this project, the term technoloqy reters to tormal
AMT equipment.
Collinqridqe focuses on six ways, in which the control of
technology can be lost.
These resistances to the control ot
technoloqy of entrenchment, competition, hedqinq circle, lead
time, scale and doqmatism are described briefly below. It is
vital to understand the oriqins of the resistance of technoloqies
to control, so that corrective action can be taken.
Entrenchment occurs when industries become dependent on
their own methods and draw their smaller suppliers down the same
route. The "rut" deepens with time, makinq chanqe both expensive
and slow.
companies have to compete aqainst each other.
When the
competition intensifies, companies have to react quicker to
maintain a competitive edqe, without necessarily thinkinq of the
consequences. Therefore, competition can distract the attention
of the decision makers away from takinq a qlobal view.
The rapid qrowth of some technoloqies, or product
components, means that the opportunity cost of not havinq the
technoloqy is hiqh. This is especially the case when customers
expect the new technoloqies to be included. Collinqridqe refers
to this as the "hedqinq circle".
Where products and technoloqies take a lonq time to develop,
there is much uncertainty over the cost and problems that may
43

arise in the future.
with such long lead times, there is no
urgency to discover potential problems early and sol ve them
quickly.
Large scale plants and technologies are always associated
with achieving "economies of scale", resulting in a lower unit
cost. However, collingridge, (1980), and Schumaker, (1973), both
claim that the size and ease of control are opposed.
There are many instances where people and organisations
resist change, because this will harm their own interests. This
dogma can hinder the control of technologies, which would
generally be desirable.
The research reveals the extent to which the surveyed
companies' products, or AMT its self, fall into any of the
categories given above.
It will also study how the companies
plan their strategies and tactics to rectify these problems.

44

~

The UK Economy

Economic and manufacturing performance indicators have been
observed for a twenty year period from 1969 to 1988, the last
full year of the thesis.
This time period was chosen as it
allowed a proper prospective to be made, and trends to be
analyzed.
Initially, the common Retail Price Index, (RPI) , London
Inter Bank Offer Rate, (LIBOR), and the Gross Domestic Product,
(GDP) ,
and the UK labour market were monitored.
This is
followed by a more detailed investigation into the measures of
performance for UK manufacturing industry as a whole. The aim
is to outline briefly the position of the UK economy, within
which the UK manufacturing companies operate and compete.
Four other major economies of the world, US, Japan,
W.Germany and France, were looked at to assess the relative
position of the UK, its standing and competitiveness.
The
information is a necessary background to UK manufacturing
companies as they endeavour to export a greater proportion of
their products.
2 ••• 1

National Economic Indicators

Since 1982 the GDP has had its longest sustained positive
growth since prior to 1970. 'However, the average over the last
2'0 years is just 2.2% per year. The retail price index over the
same time period averaged 9.9%, and only in the two years 1987
and 1988 has the GDP exceeded the RPI. The pattern, shown in
figure 2.4(1), illustrates that peaks in inflation in 1975 and
1980, coincided with negative GDP rates. In addition the LIBOR
averaged 10.7%, and only in 1971 was the mean rate below 7%.
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Figure 2.4(1)
Retail Price Index and Gross Domestic Product (1969 to 1999)
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Figure 2.4(2)
The Total Workforce, Employed and Unemployed
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198!S

Unemployed

1987

This shows that the cost of borrowed money in the UK has
been high, and that the value of savings have depreciated
quickly. The implications of these indicators are that :
1.
2.
3.
2.4.2

the cost of Work in Progress has been high,
investment capital has to have a quick return,
the growth of the nation's economy has been slow.
structure of VI Employm.nt

since 1969 the total number of people available for work has
steadily increased by 3M to 28.3M. However, the total number of
people employed has not kept pace and has only grown by 1M,
resul ting in a surplus of 2M, which, when added to the 0 • 5M
registered unemployed in 1969, results in 9.1% of the workforce
without work.
It was only after 1980 that a significant discrepancy
appeared between the total workforce and the number employed, as
the gap widened by lM for two consecutive years. The result was
that, in 1983, there were 3.5M unemployed, 13.3% of the
workforce. During the period 1985 to 1988, the total classed as
being employed has grown by 2.6M from a 20 year low of 23.1M to
25.7H , but only 1M have been taken off the unemployment register.
This data is shown in figure 2.4(2).
There has also been sign'ificant changes in the UK birth rate
over the last 40 years, as shown by the number of people resident
in Great Britain in 1981 (see figure 2.4(3». One consequence
is that, by 1994, the number of school pupils and graduates
available for work will have fallen by at least one third since
1978.
Those people who are eligible to retire will be those
people born between the two world wars when the birth rates were
constant. The result of this will be that the rat. ot growth ot
UK total workforce after 1990 will begin to tall.
The
implications for British industry could be quite profound, as
companies will have to choose between bidding for school and
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university leavers or retr~ining existing employees. Naturally
those companies, who are aware of the situation, and have devised
strategic plans, will be better placed than those who have not.
Over the past 20 years there has been major changes to the
number of people employed in each of the main industrial sectors,
primary, secondary and tertiary. The primary industrial sector
of agriculture has remained in a slow, but consistent, decline
at around 5,000 a year, with a 1987 value of 0.3M compared with
0.4M in 1969. The secondary industrial sector of manufacturing
has witnessed the steepest decline, from 11M in 1969 to 6.5M in
1987, with the worst fall in 1971 and 1981.
This decline of
41.9% is only countered by an increase of 29.4% in the tertiary
industrial sector, which has grown from 11.2M in 1969 to l4.5M
in 1987. The data is shown figure 2.4(4).
The discrepancy is taken up by an increase of 1.4M in the
number of people classed as being self employed. These trends
have been confirmed during the industrial visits, where the once
large labour intensive companies have shed their labour and also
subcontracted a greater propo~tion of their work.
Figure 2.4(3)
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2.4.3

OK Manufacturing Industry
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UK manufacturing industry has been plgued with poor
industrial relations leading to frequent stikes and disruptive
action.
Data for the number of days lost due to industrial
stoppages over the last twenty years since 1969 (shown in figure
2.4(5». The graph illustrates the unpredictable and variable
pattern of days lost due to industrial action, with an average
up to 1980 of 12.5M wOFking days. These f~gures are made worse
by three national miners strikes in 1972, 1974 and 1984 and by
the so-called "winter of discontent" in 1979. However, since
1980 and excluding the miners' strike of 1984/85, the average
number of working days lost is 4.3M days.
There have been several significant trends to the average
male operatives' pay and weekly hours of work. First is that,
in all but two of the last 20 years, average earnings have
exceeded the governments RPI, and by an average of 3.5%.
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Figure 2.4(5)
Days Lost Due to Industrial stoppages
3~~-----------------------------------------------------.

1969

1971

1973

197~

1977

1979

1981

1983

19 6 :1

1967

lime (year)
(exel Primary)

Total Days Lost

Source :

Employment Gazette, Table 5.4.

Figure 2.4(6)
Earnings by Manufacturing Operatives
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The number of hours worked each week by a manufacturing
operative has fallen from 46.5 in 1969 to 43.4 hours in 1984.
However, there are signs that, since 1975, when the figure was
43.6 hours, there has been little change, with a 1982 minimum of
42.9 hours. These figures, which include overtime, are shown in
figures 2.4(6) and 2.4(7).
Indeed, there appears to be a very close relationship
between earnings and the RPI, as higher earnings are said to
increase the unit labour costs of products, resulting in price
increases to retain profits.
However, since the percentage
change peaked in 1979/80, earnings have been rising at 9.5% per
year and the RPI has risen at 6.0%, and have both stabilised to
approximately this level for the last 8 years.
The value of fixed investment in plant and machinery has not
changed much in absolute terms since 1969, but has fluctuated
considerably. The least popular times for investing being in the
years following times of industrial unrest in 1972, 1974, 1979
and 1985, when there were many industrial stoppages. There are
also some connections with th~ RPI and average earnings which
peaked at these times.
The manufacturing investment data is
displayed in figure 2.4(8).
It is difficult to draw~onclusions from the figures, other
than to relate them to other indices. However, since there is
valued
automation
and
greater
investment
into' high
computerisation, it would appear that companies are investing in
fewer large projects in preference to a greater number of small
proj ects.
It is also said that today's equipment is more
reliable and has a longer working life.
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Figure 2." C7 )
Mean Hours Worked by Manufacturing operatives
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pigure 2.4(8)
Annual Percentage changes to Manufacturing Investment
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2.4.4

comparisons with WOrld Competitors

It is clear from the data shown in figure 2.4(9) that the
value of sterling has been falling consistently over the last 20
years. The figures compare unfavourably with the UK's four main
competitors, United States, Japan, west Germany and France.
Overall the sterling exchange rate index has fallen by nearly
40%.
Only during the years 1979 to 1982 was there a slight
recovery in the value of the currency.
The French franc and us dollar have closely matched the
profile of sterling's exchange rate index, but its value against
the Japanese yen and West German deutsch mark has fallen the most
to just 19.1% and 27% of the 1969 value respectively. The effect
of the steady decline in the value of sterling makes imports more
expensive and exports cheaper, putting pressure on the RPI. This
would then indicate that the UK should become more competitive,
making its manufacturing products more attractive overseas.
Data from the government, and published in "Economic Trends"
by the central Statistics Office, shows that this is not the
case. It publishes a series of statistics, which try to measure
the relative competitiveness of the UK in trade in manufacture.
The indexed data, beginning with 1975 as the base year, are shown
in Economic Trends.
The data shows that the UK's relative profitability of
exports has actually worsened to the tune of 11%, whilst the
import price competi tiveness has improved by just 5% • These
movements are despite the changes in the value of sterlinq. The
import price competitiveness is defined as the ratio of the
Wholesale Price Index, (WPI), to the Unit Value Index, (UVI) , for
imports of manufactured goods; whilst the relative profitability
of exports index is the UVI for exports of the total manufactured
goods divided by the WPI.
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Figyre 2.4(9)
Value of UK sterling (1969 to 1988)
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Indeed the UK is the worst of the five major countries
analyzed by an average of 10%.
One of the reasons for this
apparent lack of competitiveness is the unit labour costs. It
has been previously shown that average earnings have grown 3.5%
above the RPI.
only in Japan has the unit labour cost index
matched that of the UK with the other three countries 15% better
off (see figure 2.4(10».
The UK's lack of competitiveness in trade in manufacture is
highlighted by the balance of payments shown in figure 2.4(11).
only in three of the last 20 years has the visible exports
exceeded imports. However, an allowance for invisible trade,
which in real terms has remained at a constant level over the
last 20 years, does not mean that the UK has had more surpluses
than deficits. However, over the last six years, exports have
stabilised whilst imports have grown, resulting in a large and
increasing trade deficit which in 1988 stood at £14.6 billion.
The industrial production data is also not encouraging, as
it has risen by less than 1% a year over the twenty year period.
productivity rates, measured by manufacturing output per person
employed, has risen more sharply, especially since 1981. With
industrial production rising more slowly, the consequence is for
unemployment to rise, as less people are manufacturing a similar
quantity of product (see figure 2.4(12».
The rise in productivity for the whole economy is not as
high, as there is now a lower proportion of the UK economy
dependent upon manufacturing. Therefore the tertiary sector has
not increased its productivity by the same rate as manufacturing.
The measures described above depict a slow, but steady,
decline in the UK's economy relative to its five major
competitors, with no signs that the trend is being halted or
reversed.
The value of sterling, despite short term high
interest rates, will continue to fall, the balance payments trade
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Figure 2.4(11)
UK Balance of Payments (1969 to 1988)
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Figure 2.4(12)
UK Industrial Production (1969 to

~988)

180 ~--------------------------------------------------------~

170

160

1.50
1<40
130

120

110

1969

o

Production

source :

1971

1973

+

197.5

1977

1979

Time (yea rs)
Output/person

Economic Trends, Page 27.
56

1981

19~

o

198.5

1987

Whol" Economy

deficit is growing, inflation is increasing and the brief
recovery in productivity and GDP is levelling off. Furthermore,
unemployment which fell by 530,000 in the year to January 1989
is forecast to " .•. continue to fall at the same rapid rate in
1989. " (Financial statement & Budget Report, BM Treasury, 14
March 1989)
This is one of the reasons behind a shortage in
skilled labour which is consequently putting pressure on earnings
for those in work and inflation.
The world economy (at 2.5%) in the short term, is forecast
to grow quicker than that in the UK (at 1.2%). Business growth
is said to average 12% and exports 9%. However, the UK is not
performing well enough to take its share of this additional
trade, and will therefore continue to fall further behind its
main competi tors.
One of the reasons for this is that UK
investment is lower than the other countries as unit labour costs
rise, relative productivity falls, and higher inflation reduces
profit margins and business confidence.
In the twenty years after 1967 the economies ot the five
major industrial nations of UK, US, Japan, France and West
Germany grew on average by 2.2%, 2.6%, 5.3%, 3.3% and 2.8%
respectively. All five nations have witnessed similar trends
with the manufacturing share of GDP falling, whilst the services
have increased both its proportion of GDP and employment.
However the "Economist", (1988a), gives five reasons why
Britain I s performance up to . 1980 was poor :
i.

high personal taxation that reduced the incentive to work
and save,
ii. over powerful and inflexible trade unions,
iii. excessive government interference in the economy, with too
great a public spending,
iv. investment subsidies which promoted the wrong sorts of
capital expenditure,
v.
the goal of full employment, disregarding the effects of
inflation and long term efficiency.
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The election of the Conservative government, in June 1979,
brought an alternative economic policy aimed to defeat inflation
and dampen short term demand management in favour of improving
the economy's supply side. Kaplinsky, (1984), also believed in
this philosophy.
"Economic growth fuelled by supply side motor with
entrepreneurs pursuing the goal of monopoly profit and
achieving these profits by introducing new products and
production technologies."
(Kaplinsky, 1984)
It is claimed that both Japan and West Germany have made
strong economic performance, because they have both been able to
invest heavily into less energy and labour intensive plant and
machinery, that manufacture goods of increasing quality and
technological sophistication to the rest of the world.
The series of five articles in the "Economist - Schools
Brief", (Economist, 1988b), emphasises these points. They also
conclude that Britain's labour market is riddled with rigidities,
trade unions, the housing market which impedes mobility between
regions, and inadequate training which restricts mobility between
occupations.
The depressing facts are that British industries, in
general, despite assistance from the depreciation in the value
of sterling, have been unable to manufacture products that can
meet domestic demand, or be attractive to overseas customers.
The result is greater imports and lower exports, a widening
balance of payments, and a lack of confidence in the
competitiveness of UK industry. The ACARD report of 1983 gave
its response, but there is little evidence to suggest that its
advice has been carried out.
"The rate of technological innovation in OK industry will
need to increase if its products and manufacturing
processes are to match those of our major competitors.
This is a necessary condition of our future survival as a
trading nation."
(ACARD, 1983)
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Therefore it is necessary to look at some of the reasons why
some UK companies are loosing competitiveness. The aim of this
project is to study the implications of ANT and automation on the
competitiveness of individual companies. Its apparent "need" is
uniformly agreed from the government, industry and the trade
unions.
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Introduction

Having outlined the background to the research through
discussion of AMT, the UK economy and a selected number of
reports, it is possible to outline the hypotheses and research
investigations.
This chapter initially outlines the sixteen
hypotheses adopted by the research, and then describes the
different forms of research design adopted to obtain the
information.
This is followed by a brief assessment of the
research methods used, the sample of companies chosen and the
validity of any research deductions.
~

Research Desiqn

There are three types of social research design; the case
study, the survey and the controlled experiment. Campbell and
Stanley, (1966), describe the different aspects of research
design in detail. One section outlines the different forms of
survey used to carry out the research and obtain the necessary
information. The value and limitations of the chosen designs,
in relation to this research, are also discussed below.
Research Hypoth.s.s anO Iny.stiqations
The research was commissioned to investigate how companies
managed their AMT, and the implications they had to face.
Several "areas for investigative research" were developed, based
on statements which might form useful working theories of AMT
adoption.
The formal testing of these hypotheses in a
statistical sense has, however, been less important than the
analysis of specifics within the case studies.
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General R.s.arch Hypothese.

Hypothesis 1 : The adoption of AMT is essential to build and
maintain a company's competitive edge.
Hypothesis 2
Companies do not formulate cohesive corporate
strategies in which an equal emphasis is given to
each business activity.
Hypothesis 3 : Companies optimise their individual activities
and resources rather than the system as a whole.
Implementation of Adyanced Manufacturing T.chnology-Hypoth••••

These required an investigation of the strategic and tactical
decision making process within those companies adopting ANT.
Hypothesis 4 : Standard accounting procedures and investment
appraisal techniques undervalue AMT systems.
Hypothesis 5 : The strategic and tactical considerations of
implementing AMT are discussed in isolation and
not as a whole.
The characteristics of a company • s development
Hypothesis 6
plans and strategies, have an influence on the
implementation of ANT.
Companies invest in automation intuitively, and
Hypothesis 7
for the wrong reasons.

Manufacturing

sy.t... - Hypoth••••

The effect AMT is having on the resources of materials, labour
and machines within the manufacturing systems of a company, was
investigated.
Hypothesis 8 : Management demands for new employee agreem.nts
are a direct attempt to install Japanese working
methods and practices.
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Hypothesis

Advanced Manufacturing Technology is the main
factor behind the changes to the production
systems and procedures within a company.
Hypothesis 10: Information collected to monitor the performance
of the company's manufacturing systems is not
directed towards assessing the strategic aims and
objectives.
Hypothesis 11: There is always some form of AMT available that
can provide an appropriate solution to a
production problem.
9

:

Business Activities - Hypoth.s.s
The investigation centred on the role and influence of
maintenance, procurement, marketing, and product design in the
adoption of AMT.
Hypothesis 12: AMT has no direct benefit to the Marketing
department.
Hypothesis 13: The true cost of "designing for manufacture" is
not fully appreciated by the design department.
Hypothesis 14: Component suppliers are not included as an
integral part of the business system.

I.t'rnal Influ.nc.s on the syst,. - Hypoth,.,.
The study covered the business environment activities of the
suppliers of ANT equipment, the financial institutions, the Trade
Unions, and the Government, with particular emphasis on their
attitudes towards ANT.
Hypothesis 15: Trade Unions are a positive restriction to the
adoption of AMT.
Hypothesis 16: Companies have to manage the external bodies,
such as management consultants and the AMT
equipment suppliers, as well as their own
personnel and operations.
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3.1.2

Main survey

In order to obtain all the information required a survey of
twenty companies was conducted. This had preference over a large
scale questionnaire, since it was felt that many of the issues
had to be discussed in detail, and the questioning would need to
be adapted for different companies.
The single case study
approach was rejected on the grounds that there would be reduced
scope for comparing various company strategies. However, whilst
carrying out the survey the research was able to look in greater
depth at some issues, particularly relevant to the individual
company.
The advantage of the survey design was that a variety of
companies in different industries were investigated. In the time
available, twenty companies were visited over an 18 month period
from July 1987, to January 1989. Every company contacted was
known to have some form of AMT in their manufacturing operations,
although the quantity or extent was not known.
The procedure for selecting the sample of companies chosen
is described in section 3.2.1. During the preliminary visits to
companies, four central issues were isolated for further
investigation. They were: designing for manufacture, industrial
relations, finance and management accounting, and the equipment
supply industry. These studies took place at the same time as
the main survey.
Details of the questions asked to the various managers and
engineers from within the sample of twenty companies are given
in section 3.2. Appendix XXII gives the basic outline of the
semi-structured questionnaire. The flexibility was necessary to
allow for follow up questioning to clarity individual answers.
Furthermore, since the sample of companies surveyed covered a
large spectrum of the engineering industry, it was important to
be able to adapt certain questions in specific cases.
The
answers to these questions formed the basis of the researches
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comments in chapters 4-7, and were the primary source ot evidence
for the hypothesis testing.
Once an attachment had been
completed the information was transferred onto data sheets (as
shown in Appendix XXIII), to catelogue each company's response
to a series of questions.
3.1.3

Questionnaire Surveys

The sections on product design and the equipment supply
industry were researched by questionnaire. This was the only
research design available, which could reach a large national
sample.
Initial pilot studies were conducted at the "Automan
'87", "Des '87", "Pemec '87" and "Eed '87" exhibitions held at
the NEe in Birmingham.
The results of these investigative
questionnaires lead to the development and design of two tull
scale questionnaires. The benefit of attending the exhibitions
was that many people could be contacted quickly and
contemporaneously.
The main problem with the design questionnaire was in trying
to identify the most suitable person within a manufacturing
company, who had some insight into both product design,
development and manufacturing. Meanwhile, contact had been made
with the Institution of Engineering Designers, (IED), who
expressed an interest in the research, and offered to distribute
the questionnaire to named members, who would be selected at
random throuqh their branch network.
A pilot qroup of 50 questionnaires was despatched in
February 1988. On receiving the replies, minimal modifications
were made to clarify questions and improve the layout. Then in
April 1988, a further 250 questionnaires were distributed. From
the 300 questionnaires, 62 replies were received of which 12 were
from people who were not in a position to complete the
questionnaire properly due to retirement, or because they were
from non-applicable industries, such as the service sector and
education. If the sample of replies was representative, this
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reduced the number of effective questionnaires despatched to 250,
with a response rate of approximately 20%.
In addition, a
further 10 questionnaires were completed by respondents from the
main survey, resulting in 60 complete replies from 260, (23%).
The questionnaire, in its formal layout is shown in Appendix I.
The questionnaire directed at the AMT equipment suppliers
was less successful, resulting in a response rate of less than
11% •
One of the main problems appears to have been the
disjointed nature of the industry and the relatively small size
of the companies. However, deductions have been made from the
forty contacts questioned at the different eXhibitions, five who
were visited in person, and the 33 replies to the questionnaire
(shown in Appendix II).
In addition, contact was made with about 20 suppliers of
maintenance equipment, who gave their opinions on those companies
who were purchasing their systems and how they were influenced
by AMT. The questions asked in an informal method are given in
Appendix Ill.
3.1.4

Additional studi ••

To complete the "systems approach" to the research it was
necessary to obtain the opinions of those bodies, external to the
business system, who may have an indirect influence on the
company and its strategies t'owards implementing automation.
Initially, visits were arranged to five professional
institutions or research associations. These were preliminary
studies into the role of the institutions, their thoughts, their
experiences of ANT, and their perspective of the British
companies (see Appendix XXI).
It was evident that the trade unions had been influential
in the development of British Industry, and that it would be
necessary to have independent discussions with the trade union
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leaders on the issues regarding AMT. Four officials were asked
for their thoughts and perceptions about AMT and British Industry
and its effects on their members' pay and conditions.
since AMT is expensive to both develop for a supplier and
purchase for a user, the companies have to consider how they can
raise the necessary capital. This problem lead to discussions
with five different types of financial institutions, the clearing
banks, the merchant banks, venture capitalists, technology
transferers and leasers. They were asked to give information on
the form of finance they offered, its suitability to either a
supplier, or a user, the conditions imposed on the financiers,
and the criteria used to assess their customers.
Finally, a visit was arranged to the AMT Group from the
Department of Trade and Industry, (DTI).
The purpose was to
obtain information on their support schemes for British
companies.
This was followed up by meetings at the National
Engineering Laboratory, (NEL), and with commercial consultants,
who have been involved in conducting government financed
"feasibility" and "implementation" studies.
3.1.5

Effeot on Internal and Ext,rnal validity

The "internal" validity of the research is determined by how
well the independent variables, in this case the level and type
of automation adopted, caused the observed response, in terms of
the strategies and tactical methods employed.
Unlike
experimental research desiqns, there was no opportunity to
manipulate any variable, with the possible exception of the
companies sampled and the personnel interviewed.
With the
evolution of the project and the decision to conduct additional
studies to explore in greater detail observed results, the
internal validity of the research was increased.
The basis for applying the results obtained from the sample
to the whole population is known as "external validity". The
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initial studies carried out in two local companies highlighted
the importance of direct personal observation to obtain a full
understanding of the company's strategies and to clarify any
ambiguity in the questions asked and the answers given. Thus,
even though the questionnaire approach may have given a broader
and more representative sample, the evidence could not have been
wholly convincing from that approach alone.
The combination of the 20 surveyed companies along with the
supplementary studies on design, trade unions, financiers and the
AMT equipment supply industry has given the research a balance
of both internal and external validity, and some clear
indications of successful and failed policies.
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Research Method

Campbell and stanley, (1966), outlined three main forms of
research method : observation, document analysis and asking
questions. Due to the broad nature of the research project, all
three forms have been adopted at some stage, although asking
questions was the method most frequently used. The following
sections discuss the method used for each section of the work,
the data that was collected and the people from whom the data was
obtained.
3.2.1

Sample of Companies Survey.d

The companies, who were asked to participate in the survey,
were selected from one of the following sources
Members
Directory of the BRA, DTI Demonstration Firms, entrants to the
1986 Willis Faber competition for manufacturing effectiveness,
or reports of companies in the trade journals. It was known that
all the companies had purchased some form of AMT since 1985, two
years prior to the selection procedure.
Initially, letters were despatched to named contacts or the
Managing Director of the company. From the 25 letters targeted
on Scotland and west Yorkshire, 14 replies were received of which
8 resulted in positive contacts.
These companies were
predominantly low volume, heavy engineering industries. In an
attempt to redress the balance, the second series of letters to
the remaining areas of the UK were directed towards the larger
volume manufacturers.
From the second batch of 40 letters, a further 12 contacts
were made. This resulted in a total sample size of 20 companies
spread around the UK and representing a broad range of industry,
company sizes, traditions and forms of AMT adopted.
The
characteristics of the companies surveyed are give Appendix IV,
and an individual summary on each of the twenty companies is
given in Appendix V.
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In total some 52 days were spent in the companies, and over
100 people were questioned.
The time spent in each company
varied from 1 to 8 days. However, the companies who were visited
for one or two days usually had a prearranged schedule of
interviews, whereas in some of the longer attachments it was a
question of waiting for the personnel to become available between
their other commitments.
3.2.2

The contact People

It is difficult to specify the actual job descriptions of
those people, who were interviewed, as the different companies
had differing job titles and experience. Where practical, an
introductory visit was arranged to outline the information
required and plan future interviews with suitable personnel.
The usual primary contact was a project manager or engineer,
who was able to provide information concerning the planning and
implementation of the AMT into the company.
These ini tial
contact people could usually provide information on the
implications of ANT on the factory floor, and, depending on their
background, expand on their experiences and knowledge in other
areas. Meetings with a manufacturing or operations manager were
then arranged, as they could discuss the company's manufacturing
strategy as a whole. Depending on their seniority, knowledge and
willingness to talk, they could expand on the wider business
strategies and issues.
In those companies where a longer attachment was negotiated,
people in the areas of design, marketing, personnel, management
accounting and systems development were interviewed.
3.2.3

M.thod, u,ed in Data Coll.ction

Each interview had a semi-structured format in which
questions were asked to the respondents, who would usually
describe their company's approach and position. Where permitted,
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and practical, the interviews were recorded on a dictaphone to
simplify transcription. This approach was possible in all but
12 of the 100 interviews.
It was not thought prudent to structure questionnaires too
much, due to the various levels of experience and knowledge of
the respondents, and the differing nature of the production
processes. However, there were specific areas and topics to be
explored which were common to all the companies
In order to obtain a better impression and understanding of
a company's manufacturing process, it was necessary to observe
the manufacturing facilities and operations.
This allowed a
conceptual picture to be built up of the AMT and its position
relative to the other machinery. No actual data was collected
from the observations, other than to put the answers to the
questions into context.
In addition to the recorded interviews and factory tours,
several of the companies provided written reports and papers
concerning different aspects of their business. This data was
also supplemented by articles from the trade journals and
newspapers on the individual companies. Finally, copies of the
companies financial accounts were obtained.
3.2.4

Qu.stions Ask.d

The research initially studied the reasons why the companies
purchased automation, and the implementation process.
This
involved investigating everything from the companies I competi tive
The scope for
posi tion to their manufacturing operations.
potential research in this area was broad, and many trade
journals had given several examples of how companies automated.
They all described how and when companies installed, and
implemented their automation, and gave preliminary results of
their performances and problems.
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It was then necessary for the project to focus down on a few
aspects involved in the implementation of AMT at a strategic
level, and concentrate on the constraints imposed on these
aspects and the consequences they would have on the company as
a whole.
The two major issues chosen for further research were the
product the company manufactures, its design features, and how
well the company I s manufacturing system adapts to AMT. These two
aspects are closely related by the fact that the product will
determine the nature of the specification required for AMT
equipment.
In taking a systems approach the other main issues such as
company organisation, factory layout, employee relations,
equipment selection and justification, methods and procedures for
implementation,
the involvement of external bodies and
consideration of environmental issues on a local, national, and
international scale, were all considered.
Finally, the responsive nature of the whole system to AMT
enabled the research to investigate the flexibility and
adaptability of the company to change. To do this, it was
necessary to see the upstream implications, such as the system
for stock control, plant layout, training and maintenance.
Information systems are also of importance.
General Questions
The first line of questioning was to obtain a brief history
of the company and its development over its life and particularly
the last decade, to know of any maj or external or internal events
that may have influenced the company.
Questions were also asked to establish the aims and
objectives of the company and on how the company formulated its
corporate strategy, and development plans. This was followed by
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questions on the detail of these strategies and plans to see
whether or not there was a role for AMT.
Implementation of Advanced Manufacturing Technology
It was necessary to find out why the company decided to
change its existing machinery, and the methods it used to
identify the areas for attention and possible change.
The
questioning then followed a sequential path by trying to
establish how the company became aware that AMT could be a
possible solution, and whether any alternative methods or
solutions were considered.
The second phase was to find out the procedures the company
used in selecting the AMT and the process of implementing it into
their manufacturing operations. The questions asked were aimed
at extracting information regarding how the AMT fitted into their
manufacturing system.
For this it was necessary to know the
companies previous experiences with AMT, and the preparations and
alterations that were required for its installation.
The questions then progressed to finding out the major
implications and consequences of the AMT, and on the company as
a whole. Many difficulties and problems were highlighted and
this provided a good introduction to the next series of questions
on the company's operating system.
It was usually most appropriate, during this section of the
questioning, to know about the dialogue and relationship that
existed between the company and the AMT supplier, the training
programmes, and support services that were required.
In
addition, it was appropriate to talk about how the company
justified its investment and to understand the assistance or
involvement the company had with the government, consultants, and
professional institutions.
This gave information on the
employment of AMT as a system, and how it was linked to other
aspects of the company's operations.
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Questions on Manufacturing Resources
This was one of the main foci of the research, as it was a
critical activity in the business system.
Therefore, it was
necessary to discuss the impact of new AMT systems on the
manufacturing strategy, and whether or not it was compatible with
the stated obj ectives of the company.
Then the research
investigated the changes that manufacturing had made and whether
they were as a re suI t of AMT or other business trends, in
particular, whether AMT complemented the manufacturing system and
how it affected its "focus".
Discussion usually covered the areas of maintenance, stock
control, industrial relations, working practices, proportion of
in-house manufacture, and product costing. The most difficult
part of the enquiries was to obtain information on the
performance of the AMT, and indeed the performance of the whole
manufacturing or business system.
It was observed that
performance measures were frequently unknown by the interviewee,
or lacking altogether.
Only a few companies had a clear
understanding of the information required and what was available.
This problem is developed in section 4.4.4, and 5.4.
Questions on the Business Activities
Information was required on the remaining activities of the
company, and how they were being influenced by business trends,
products or the implementation of AMT. For all the functions of
design, R&D, marketing, purchasing, and systems development it
was necessary to gain an understanding of the level of
integration, and how they communicate with each other, and use
common data.
The design activity was picked out for
as the link with manufacture takes on greater
therefore necessary to know more about the
specification,
the restrictions placed
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further attention,
importance. It was
company's product,
on designers by

manufacturing, the machinery, and whether there was an effective
"design for manufacture" procedure.
3.2.5

1.
2.
3.
4.
5.
6.
7.

8.

Problems of Data Collection

In retrospect eight areas of difficulty were encountered:
identifying the people within the company, who were in a
position to discuss the issues,
soliciting accurate, unambiguous and sincere responses,
gaining the confidence of the company and their personnel,
finding common criteria or variables which could be used to
measure the performance of the whole system,
comparing operating systems where the form and extent of
the AMT was extremely variable,
obtaining a common level of detailed information from all
the companies,
differing characteristics of the companies (as described in
Appendices IV, and VIII) in age, size, product mix and
historical development,
selecting the key questions when a time limit was imposed.

Chapter 3

Campbell,

Reference

D.J. and Stanley, J .C. (1966),
"Experimental and
Quasi-Experimental Designs for Research", McNally.
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CHAPTER.

IMPLEMENTING ADVANCED MANUlACTUBIBG TECBNOLOGY

Chapter ..
Implementation of Advanced Mapufacturing Technology
~

Introduction

The purpose of this chapter is to discuss the decisions that
manaqement has to take concerninq AMT. Particular emphasis is
placed on the strategic and tactical issues that are raised
during the initiation and implementation process. The research
is restricted to the management aspects, and is not concerned
with specific technical parameters.
The research is concerned with the strategic issues relating
to the planning and preparation for ANT, as well as the key
factors in the selection of AMT, and its proposed supplier. Some
of the problems in the education, the traininq, and the
justification for investment appraisal in AMT are also
highliqhted.
The planning for implementation section of the research
established the deqree to which companies formulated and
implemented a development plan for the AMT and manufacturing
system. In addition to the reasons for a company's decision to
automate, there is also the strateqy behind the timing of the
implementation.
When isolating the area for attention, the company has to
decide on the most appropriate action to take. The introduction
and use of AMT could be just one of the possible solutions. The
research then assessed the company's characteristics, to see how
well they matched their strateqies on the selection of the AMT,
notably in the validation and operational experiences of the
supplier, equipment and personnel.
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Planning for the Implementation of ANT

The plan for the implementation of ANT should begin with a
systematic analysis of the way a job or task is carried out at
present. Method study is a procedure through which a "Scientific
Examination" of a company's activities can be conducted. It is
defined as :
"The systematic recording and critical examination of ways
of doing things in order to make improvements."
(Evans and Ford, 1984)
The three key words of the definition are systematic,
critical, and improvements. "Systematic" refers to a logical and
consistent sequential procedure of recording the activity
identified for further study. The assessment and review ot the
activity is the "critical" examination, whilst the "improvements"
is the consideration of the alternative solutions to discover (if
possible) a better way of conducting the activity.
Evans and Ford, (1984), referred to the six stages involved
in Method Study. These are outlined below :
1.
2.
3.
4.
5.

6.

Select : Identify the job to be studied.
Record : Record all Known facts about the job/task.
critically examine the recorded information.
Examine
Develop : Define detailed proposals for improvement.
Install : Install new method.
Maintain :Check new methods are being followed.

The first three steps concern the initial stages tor any
company wishing to implement a new system such as ANT. These are
discussed in section 4.1, whilst the remaining three steps are
explained in section 5.3. It is important to note that method
study is a continuous and not an isolated process. Onc. the six
stage sequence has been followed, this should initiate a new
study on a different job or task.
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4.1.1

Development Plans

In general, the companies surveyed only had a manufacturing
development plan for the length of time it took to complete a
particular implementation, or until the existing budget was
exhausted. This time scale would usually be 12 to 18 months.
Some plans are said to roll, in that decisions are made on the
next phase of capital investment on allocation of the next
budget.
The common processes and relationships between the
different stages of an AMT implementation as outlined by this
research are shown in figure 4.1.
Thus, in practice, on an operational level, investments take
place incrementally, but without conforming to any overall plan.
However, the higher one goes up the management hierarchy the more
one is told that a long term and cohesive plan exists.
One
observed problem was that the plan did not filter down to those
responsible for the selection of AMT, such as the proj ect
managers and chief engineers, at least in a comprehensive, or
definitive way.
It is not surprising that there is a direct relationship
between investment cost and the management level required for
approval. In qeneral, the project leaders know the technical
aspects of the equipment, the senior manaqement know more about
the development plans, but the quantity of informational dialogue
passinq between them is negotiable.
without appropriate
dialogue, one is unlikely to obtain an optimal outcome.
OVer half (65') the companies visited qave evidence that
they had some sort of plan to which they were workinq, and only
half of these had annual updates (ie a rolling plan). Those,
whose plans for future ANT investment were fixed, would perhaps
review their plans only if siqnificant chanqes had taken place
which were not expected.
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rigure 4.1

The Process of Implemepting ANT
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4.1.2

Project Team and Leader

Detailed information is difficult to obtain about the
formulation and aims of the team responsible for the
implementation of AMT.
The team leader is usually a chief
engineer or the departmental manager of the most affected area,
acting under a manufacturing director. wi thin the company there
may be many project managers, and only in one of the smaller
companies was one person responsible for all the projects.
Every company claims that all affected functions of the
company are consulted.
However, the representation on any
committee tends to be limited to those areas, particularly on the
shop floor, which will be directly affected. This means that
there are occasions when departments that are only indirectly
affected, are not represented.
The project leader is a key figure in the equation, as the
person responsible for the successful implementation from the
company's viewpoint. He is the link between the ANT suppliers,
management, manufacturing and all other functions of the
business.
The team leader, whose background is usually more
technical than managerial, has to ensure that other people, such
as the AMT suppliers do not take over the effective management
of the project.
In addition, the link with direct functions
becomes neglected, since they are not considered essential.
In none of the companies surveyed were any strategic
guidelines given to a project engineer on how he should manage
an AMT implementation.
Relevant meetings occurred on an
irregular haphazard basis, their frequency appeared to vary
according to the size of the investment, and the stage of
implementation. There were more meetings in the early stages of
the proj ect; these became less frequent as the equipment
specification and job tasks were identified, and delegated to the
team members.
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Research by Ettlie, (1986), into the management of AM'!'
proj ects concluded that "Management of the innovation process has
been all but overlooked or forgotten".
In a questionnaire
survey, Ettl ie asked the respondents to comment on the key
variables which determine whether a project is a success or a
failure. The results are given below.
'lab1. 4.1

Th. ley variables that D.termine the Suog•• , of a Projegt
No

Variable

Response

,

1.

Supplier - user relationship

22

54

2.

Product - process dependency

19

46

3.

User strategy

17

41

4.

Training

15

37

5.

Incremental implementation strategy

10

24

6.

Human resource policy

10

24

7.

General management support

10

24

Source:

Ettlie, (1986) •

•• 1.3

14.ptification of tbo,. arIa, in "•••4 of cbanq.1I
"Technology only makes sense when it is used to help solve
genuine company problems and, because of this, it is
important to start by identifying the problems that have to
be solved before going on to look for appropriate
technology."
(Primrose, 1988)

Before a company decides to invest in ANT it has to identify
that there is something wrong with the existing system.
potentially this could be to do with any component of the
business, from unreliable components suppliers to an ineffective
However, the company must have some
marketing campaign.
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performance measure by which it monitors the system.
discussed further in section 5.3.3.

This is

only about one half of the companies visited could
comprehensively outline the performance measures they were
utilising towards identifying those areas of the company
requiring attention. Personnel in the remainder were using their
intuition and experience to identify the areas of concern,
together with implicit rather than explicit criteria.
In most of the companies visited the manufacturing
operations were the major cost centres, and consequently were
targeted as areas for improvement. This is especially the case
with high interest rates and inflation, which in the long term
reduce a company's profit margins. Therefore, it would appear
important, in identifying the ares for attention, to have
performance measures that complement the aims and objectives of
the company. Only in this way can the company systematically
sequence and prioritise the "bottlenecks".
It is also of
paramount importance to have adequate information systems, which
are able to record and transmit information accurately.
In every case some form of cost was mentioned as being the
measure used for identifying "bottlenecks", and consequently
areas for attention. The overall cost per unit produced is often
the target for reduction. Price was the Order Winning Criterion,
(owe), quoted by the companies.
The second most important
criterion was that of reducing production lead times, so as to
offer more attractive and responsive delivery dates to customers.
This was most prevalent for those companies in the heavy
engineering sector, who were manufacturing products to specific
customer specifications and not to a general consumer market.
However it is unclear as to how companies actually measure
their systems' performance to highlight accurately the areas of
exceptional high cost, or long lead times.
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The companies believe that the time for change began towards
the end of the 1970's and beginning of the 1980's, when the
Western World was entering a recession. To compete with reducing
markets, companies were forced to reduce their manufacturing
costs to maintain profit margins, or to increase their prices
which would lead to an inflation spiral, less competitiveness,
and a deeper recession. In general, companies were not prepared,
both managerially and operationally, for the world recession.
Those companies who invested heavily at this time claimed
that their actions were necessary to maintain competitiveness,
and for survival. The research has isolated two different types
of approach.
These can broadly be characterised into the
traditional engineering workshops, manufacturing low volumes, and
the higher volume lighter engineering facilities.
The first category of company was finding that it was having
to embark on a strategy of replacing many old and outdated
machines, which were at the end of their useful lives. Many were
written off entirely, whilst the new AMT enabled many functions
to be carried out
by large sophisticated systems.
These
companies
also witnessed
greatest
change
through
the
rationalisation of the production methods and working practices.
The second category of company took a more gradualistic
approach, with development and rationalisation being spread over
a number of years. In these 'cases the change was not as severe.
In general, those companies, taking the incremental approach,
were in less need of taking drastic action, and could phase their
AMT over a longer time period.
In most of the companies sampled top level management
initiated the process of change, but the actual solutions came
from the more technical employees.
In terms of the relative
position of their product in the market seven companies
considered themselves as being behind their competitors, eight
were on a par, whilst the remaining five believed that they were
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market leaders. This is in terms of the desiqn, quality and cost
of products manufactured.
For those companies who were behind their competitors, the
timing of the AMT implementation took on additional significance.
To reduce the gap, their was a greater urgency to adopt the new
system as soon as possible. Meanwhile, those companies who were
on an equal footing, required the AMT to remain competi ti ve,
whilst the market leaders wished to maintain their competitive
advantage.
There were six companies who thought that it was necessary
to be market leaders in the technology they were using to
manufacture their types of products.
Consequently, the AMT
installations were larger investments, with purpose built or
modified equipment.
Four ot these companies were in the low
volume product category and had special strategic reasons for
investing in the "one-off" project. In these cases the financial
justifications may not have reached the required corporate
criteria, and were accepted on the importance of their strategic
significance.
Another finding is that only four companies actually
invested in AMT in anticipation of an increase in production
volumes.
The remainder were expecting, at best, to keep
production at a constant level. In contrast, only four companies
invested in AMT with the intention of maintaining or increasing
employment levels. Tbe direct labour was often deployed into
other areas of the business.
In the remaining organisations,
reductions in labour force were needed to justify the investment.
TWo other main reasons for adopting AMT were to reduce the
production lead time and improve the consistency of product
quality.
There is no evidence to suggest that companies actually
delayed potential projects so that they could allow further
development to AMT equipment.
This meant that no company
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specifically waited to "leapfrog" their competitors.
Those
companies who were late in the automation process naturally had
some advantage over those who had begun earlier, in the maturity
of the equipment. However, the initial adopters would be already
taking advantage of the AHT equipment and gaining valuable
experience.
In many instances commercial pressures, in preference to
more rational scientific management, were found to dictate
development plans and corporate strateqy.
Therefore, if a
particular application is required, then companies are probably
prepared to take the risk and accept the "state of the art"
technoloqy.
This is because time is money, the future is
uncertain and technoloqical advancements are continuous. Thus
the opportunity cost of not automating is of greater concern.
For this reason companies will tend to invest continually (on an
annual basis) adopting an incremental tactic to utilise their
capital budget quota.
4.1.4

AwarlnlSI of

AHT

The sample of manufacturing companies and their technical
employees were aware that AMT existed if only in a general form.
This awareness has accrued from promotions and advertisements in
the trade journals, television, visits to other companies,
government initiatives, and from suppliers sales brochures.
since AHT covers a broad range of technologies and
applications,
attempting to match AMT to a company's
manufacturing operations is no simple task. This is especially
true for the smaller companies, who are known to have visited
larger companies, be impressed, but are unable to envisage how
ANT can be applied to them. The result is to seek professional
advice from consultants, the equipment suppliers or their agents.
Small companies are more sceptical of "consultants", because
they rarely understand the companies' business and are not
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responsible for the actions they take. Similar scepticism exists
of equipment suppliers or their agents, who, it is frequently
believed, may not sell them the most suitable equipment.
Larger companies, or those companies who are part of a group
of companies, are at a distinct advantage. They have the in
house resources, and sometimes the specific expertise to study
their company's requirements. In addition they have the time to
assess the individual supplier credentials, ANT equipment, and
to derive a standard for their company, which will usually
involve having "priority" suppliers in return for financial
discounts.
Evidently, the smaller companies have not automated to the
same degree.
The inappropriateness and unawareness of the
available technologies are only two of the problems they face.
However, the time will come for component suppliers of the larger
companies to be pressurised into change, in order to maintain
their customers, who are gradually becoming more demanding on
their component suppliers concerning cost, delivery, quality, and
ability to have computer communication.
In these special
circumstances the smaller component suppliers may seek quidance
from their maj or customer, in regard to the type of ANT and
computerised equipment to be purchased.
".1.5

copsideratiop of Alternatiye SolutioDS

Once an area has been identified for change it is often pre
supposed that AMT is the automatic solution, the only
considerations being made concern the form of ANT and the actual
supplier.
It appears that little assessment is made of the
alternative solutions, which should be taken into account prior
to the decision to purchase ANT. In many cases several of the
options, given below, were being carried out
1.
2.

purchasing machines for replacement.
Subcontracting the work.
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3.
4.
5.
6.
7.
8.

Using a different form of automation.
Improving present products on existing technology.
Improving present manufacturing techniques and methods.
Using more cost effective materials.
OVerhauling the existing machinery.
Doing nothing.

This research has observed that inadequate attention is
given to the above factors at the appropriate time in the
identification and planning stages. Too often it appeared that
the automation chosen was the only option considered at the time.
Four of the twenty companies surveyed decided on the methods
of manufacture, when they were introducing new product lines.
Initially they would consider the cost per unit of manufactured
.
product by manual means.
Then they would systematically go
through each production area in turn deciding on the AMT, which
would reduce the overall cost per unit.
However, even this
approach does not necessarily embrace all the alternative
approaches to actual solutions mentioned above, especially if a
machine can be transferred from the old product line to the new
one with only minor modifications.
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positiopipg ot ANT

•• 2.1

KlDUfacturipq - Product Leyel

The process of manufacturing a product can be represented
by portraying it as a series of activities, which, together, form
a network.
This enables analysis to be carried out on the
activities, which are critical to the time taken to manufacture
a product. Delays to any critical activity will automatically
result in a delay to the whole project, unless some subsequent
activity can be shortened. This, however, is usually achieved
at some cost in the way of additional resources, which have to
be weighed against the opportuni ty cost, or penalty for late
work.
In much of the literature reviewed earlier, one of the main
reasons for automating was to reduce the lead time of the
production process. This, in some companies, would increase the
attractiveness and competitiveness of their product.
The
companies were questioned on whether they would place AMT on
critical activities, and why.
None of the companies had
considered the problems in terms of a formal network analysis.
However, each company expressed their opinions when questioned.
Figure •• 2
Ix. .;le of a simpl, Network Diagram
A (6)

B (2)

-,>0
E (4)

Letters : Activities
Time (hours)
Figures

93

C (3)

D (1)

---->

This illustration is a simple example of a manual product,
which goes through five work stations. The critical path is ABCD
with a lead time of 12 hours. If the company becomes aware that
they can purchase a series of robots that can merge activities
Band C, taking 3 hours to complete both tasks, then the lead
time for the product falls to 10 hours, which means that the
installation reduces the production time by 16.7%.
This is assuming that the equipment works reliably and to
schedule. But if the robots are new to your production process
and employees, then you will almost certainly encounter some
problems due to unfamiliarities. Therefore, for a given period
of time, activities Band C would be kept available as a back up
for use when problems arise.
This is commonly done for the period of implementation and
is usually disbanded when the robotic equipment is working to
specification. In some cases factory layout restrictions mean
that even this is not possible, and that activity B/C has to
replace both Band C during a plant shutdown period. This often
means that the lost opportunity cost of a breakdown is even
greater. However, most of the company I s engineers say that most
of the problems are corrected within the normal one year
warranty.
In a minority of companies, activity E would have been
automated first to allow the engineers to gain experience. The
approach is not widespread because it is easier for production
to justify investment on a critical activity than one which is
on a non-critical activity.
In total, 78% of companies visited had automation on
critical activities. Of these companies 6 had no alternative
method of manufacturing the product or bypassing the automation.
These six companies are therefore operating a higher risk
strategy as they are dependent upon the automation operating with
high availability from the outset.
The actual situation is
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further complicated when one takes into account the length ot
time the automation is scheduled to operate each day, and the
expected speed relative to the rest of the production line. Of
these six companies one said that they would require to call in
the suppliers it there was a malfunction, due to the lack of inhouse expertise.
Some 33% of companies had their first ANT installation on
Of these, two were usinq well proven
a critical activity.
technology from established suppliers, a further two had the
ability to utilise alternative manufacturinq channels.
The
remaininq two were usinq unique automation, but had built up
stronq support teams to ~ervice and maintain the machine.
However, in one case the company had automated a noncritical sub-assembly part of its production, as well as its main
assemblies, because of the value of the product and the savinq
it would make on manpower. To this company, the actual lead time
was not a major order winninq criterion.
Thus companies, where orders are won on fixed completion
dates, tend to automate a critical activity. In those, companies
where the lead time is less crucial, they are more selective in
the activities chosen for automation.
The fact that no company could show a network diagram
illustrates that the people, who are in the decision makinq
process over automation, are rarely "consciously" thinkinq or
takinq into account network analysis.
A company wishinq to adopt new technology for the first time
miqht prefer to automate a non-critical activity.
This will
allow the company and its employees to learn about automation and
reduce the probability ot losinq hiqh value production time.
TWelve companies took this approach, and eiqht have since
proqressed to installinq automation onto critical activities.
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The argument that companies should always begin with proven
technology, elMechE, 1985), has not been upheld in the companies
surveyed, as seven have unique AMT equipment on critical
activities, but, of these, five appear to have good in-house
support services and personnel. The two that did not have such
support continually faced problems long after the warranty
expired.
4.2.2

Manufacturing - Busipe.1 Ley.l

Taking the business as a "whole", from the time the order
is received to its delivery to the customer, will include all the
activities from procurement, marketing, sales, design and
manufacturing. It also includes all the information links, in
addition to the physical links and transportation.
Network analysis at this level shows that automation need
not necessarily relate to manufacturing alone, and could refer
to design and information systems. It also highlights the need
for a company, whose objective is to reduce lead time, to look
at all aspects of their business and not simply manufacturing.
So a CADCAM link, or computerised stores system, could be equally
as worthwhile as ANT in satisfying a company's objectives.
This analysis is necessary if the company is going to adopt
the "systems approach" described in section 2.3. Manufacturing
is only one business activity and cost centre.
This also
highlights the need for the team investigating the "areas in need
of change" to have a broad remit that covers the whole business
system.
4.2.3

Layout of Mapufacturing Facilities

Several companies have had difficulties in making space for
their ANT.
These particularly apply to the large FMS, which
require set floor space usually with new foundations. This means
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companies, who have purchased many new machines and systems, have
had to make major changes to the layout of their factories.
The implementation of new machines and the displacement of
old ones gives the company the opportunity to change the factory
layout.
This is due to the fact that companies are very
conscious of the physical material flow, and inventory control.
TWelve companies have changed the layout of their manufacturing
facilities as a result of AMT. These were mainly plants which
had functional layouts. In contrast those companies with mass
production lines or jobbing shops did not change for differing
reasons. It is very difficult to change a production line, so
the AMT has to be built ~nto one, whilst a jobbing shop usually
has specific designated areas for the machines to go.
The companies who are changing their factory layout are
generally in batch production, where the average batch sizes have
been in decline. They were generally moving towards a "Group
Technology" layout structure.
In total ten companies had decreased their production areas
over the last few years. Four had stayed the same, whilst the
remaining six had increased their plant facilities. Those that
had increased their floor space were all witnessing increases in
production volumes, requiring factory extensions, or allocating
a greater proportion of existing floor space to production. The
four companies, who had retained the same production space, were
all constrained by their existing factory sites. Meanwhile those
companies who had reduced their production areas were mainly
those companies, who had experienced declining sales, although
two had merged factory sites so that increased volumes had also
resulted within a smaller area.
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•• 3.1

Choosing the ANT Equipment Supplier
Selectiop of the ANT Equipmept

The careful selection of ANT is a vital component to the
success of the overall project.
The smoothness of the
implementation is greatly influenced by the relationship that
exists between the company and the equipment supplier, agent (or
integrator). It is rare that one supplier is able to supply all
the equipment, so it is important to be in a position to manage
the implementation, and the various suppliers at the same time.
Quite often the major supplier will take on the responsibility
of managing the technical equipment from all the supplying
companies.
The concept of having to work with a number of different
equipment suppliers to produce a single system is often new.
Multiple suppliers naturally add to the complexity of the process
and is the main reason why companies would like the
responsibili ty for all the equipment to be put onto a single
representative. Due to the sophistication of some ANT, companies
like the equipment supplier to be responsible up to the stage of
commissioning. This is known as a "Turnkey" installation and is
especially favoured by those companies, who do not have in-house
resources and expertise.
Major differences do occur in the other aspects of the
implementation process, such as the level of modifications
required, the reliability of the equipment, training and
involvement of the companies engineers in the process.
Few companies manufacture identical products, which often
leads to greater demands on equipment suppliers to make
modifications to their basic AMT models.
These addi tional
variables make the manufacturing systems more complex than what
they were originally designed for.
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Those companies, who do make these adaptations, may also
limit the reliability of the equipment. This is particularly
relevant to those companies, who lack the detailed in-house
expertise to maintain and service the equipment.
Ten of the
companies made major modifications to the supplier's basic
equipment. However, many underestimate the difficulties involved
in modifying equipment, even from the well established suppliers.
Most of the equipment suppliers offer various forms of
training to companies for operators and engineers, either at the
supplier's base, or on the company's premises. The courses vary
in length from one day to a couple of weeks. All the companies
take advantage of these courses.
However, the number of
representatives who attend is unclear.
Sometimes all those
affected will attend whilst in some cases, to cut costs, a sole
representative will attend, who is then expected to train the
remaining employees.
This approach is surprising when one
considers that the training cost is usually only a small
proportion of the overall project cost, and the importance of
ensuring that the equipment operates optimally for long periods
of time.
The equipment suppliers usually train to a basic operating
standard, and include simple maintenance.
This may be a
strategic policy aimed at obtaining lucrative service contracts,
and addi tional special ist training courses.
I f the company
wishes to train their employees to understand the technology more
fully then they will need to attend educational establishments.
Two companies had direct links with local Polytechnics to train
their engineers in return for sponsorship.
The equipment suppliers favour the "turnkey" approach and
minimum intervention from the company, once the equipment
specification and contract have been agreed. However, it is in
the company's interest to involve their technical staff at an
early stage so that they can familiarise themselves with the
equipment.
It is difficult to judge the level of in-house
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expertise within the company and the precise nature of supplier
to user collaboration and relationship.
Formulating and negotiating the equipment specification is
a key part of the planning and implementation process. It is
paramount that the company knows precisely what it wants from the
AMT.
Many companies admit that their initial project
specifications were not realised until many months after
commissioning.
This would suggest that there is a definite
learning curve period for the company's project leader and why
it may be better if established procedures were derived.
4.3.2

Bguipm.Dt sp.cificatioD

When a company has identified an area in need of change, in
which AMT is a potential solution, it is then able to draw a
formal equipment specification. The depth of detail required in
a specification depends upon the complexity of the operation to
be automated and the size of the investment. In addition, if the
ANT is a unique application, which is special to the company,
then a more detailed specification will be required.
Specifications are rarely required for the purchase of common
stand-alone ANT. However, if any modifications or adaptations
are needed, then a specification is advisable.
When the supplier(s) have been selected a legally binding
contract will be signed. Therefore, it is important to ensure
that as much attention is paid to detail as possible. During the
research only one equipment specification was seen although one
contact claimed they were usually ten pages in length.
4.3.3

Choic. of supplier

The companies, who were new to ANT, tended to contact all
the potential suppliers and naturally became overwhelmed by the
mass of technical and sales information. Those companies, who
had previously implemented several ANT systems, had organised
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procedures for future investments. One successful company was
required to appraise three different suppliers for each potential
investment.
The process of choosing a supplier should take place
simultaneously with deriving the specification. This enables the
company to match the company's specification with the supplie~'s
equipment. Once a supplier (or a group of suppliers) has been
chosen they can then mOdify the specification, and draw a
mutually agreed contract.
The suppliers are naturally more
willing to spend their time and resources in constructing and
formulating the specification, when they know there is a good
chance of obtaining a contract. The contract will also specify
performance measures for the supplier on delivery, budget and
commissioning to a predetermined level of reliability and
production.
The company has strategic decisions to make
reputation of the supplier and the premium they will
this, and the after sales service. Like the purchase of
product one has to be aware of all the hidden costs
employees time, production lost during implementation
additional safety requirements.

on the
pay for
any new
such as
and any

The suppliers complain that too many companies require
financial targets to be met, in preference to operational ones.
If the company had sufficiently detailed and well thought out
manufacturing strategies, then the operational performances would
automatically lead to financial targets. This emphasises the
strongly held belief by the suppliers that the company
accountants have too much control, and that companies take each
new investment in isolation, and not as part of an overall
strategy.
It is during the implementation stage that suppliers
recommend that, where appropriate, the company may need to change
some of its employees' job descriptions.
The retraining of
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existing employees is always preferable as they retain knowledge
of the business.
This emphasises the importance of a good
relationship with the equipment suppliers, who experience and
observe a broad range of company operations and management
techniques.
•• 3 ••

Cas.

study - Program For CAD

I.pl".R~a~ioR

For some production applications the choice of supplier and
system may be restricted.
However, in the case of the more
mature technologies such as CAD/CA! and CNC machine tools, the
choice is large. Company 17 became aware of the benefits of
adopting CAD in the desig~ and engineering departments throughout
its OK plants, (details of which are given in section 6.1). In
June 1984, the company established a "CAD Selection Group" to :
i.
identify the requirement of each site,
ii. evaluate the available systems,
iii. select the most appropriate system,
iv. prepare timetable for the systems installation,
-review working practices,
-review each sites standards,
-select and prepare data for CAD,
-physical alterations to design room,
-training programme,
v.
monitor the systems operation,
vi. set out the timetable for the implementation of the system.
(The programme is shown in Appendix XI).
The group identified the requirements for the design and
engineering departments, taking particular note of system
compatibility and communication. It was acknowledged that the
system could be developed to include production requirements, but
these were not of immediate concern. This resulted in a 17 page
CAD system specification, which was to form the basis of the
evaluation procedure for the selection of the most suitable CAD
system.

102

In total, 137 CAD suppliers were found and contacted.
list was reduced to 10 because :
3
4
33

54
11
10
9
3

The

did not reply,
could not offer a system,
only had single user systems,
could only offer a 2D capability,
had no mechanical engineering software,
had no data or database management system,
had no combined surface and modelling facilities,
were rejected as being hardware suppliers, who did not
offer complete integrated systems.

The group then derived 23 criteria, which were given a
weighting factor from 1 to 5. Potential suppliers were evaluated
in detail by attending demonstrations, visiting the sites, and
studying the technical literature. Marks were awarded for each
category on a scale of 0 to 3. These were multiplied by the
weighting factor to give each supplier a score. Four systems
were short listed from the original ten, to undertake a
"benchmark" test, from which a supplier was chosen. The final
contract was agreed in June 1985. Appendix XI shows how this
process, (items ii. and iii. above), had taken one full year, and
twice as long as originally intended.
The company and the supplier agreed the timing of the
installation, and an "Acceptance Test Schedule", to ensure that
the CAD system was technically sound. During the installation
period new working practices, shift working and training
programmes were being initiated. The company was undergoing a
period of rationalisation, with new management, who were
insisting on the adoption of new procedures for all their future
capital investments.
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4,4

Justification of ANT Investments

The j ob of submi tting an investment appraisal is the
responsibility of the project manager, who follows company
guidelines, which are usually laid down by the finance
departments. They stipulate the investment appraisal technique
to be used and the procedures that have to be followed. They
also outline the criteria that can be used to assess future cash
flows and benefits. Any supporting information and assessment
of intangible benefits have to be given separately.
Often the financial constraints and criteria for investment
appraisals have been imposed by an external source, like the
holding company. It is usual for only those criteria, Which can
be quantified in financial monetary terms, to be involved in
investment appraisals.
The key criterion, common in all
proj ects, is the reduction in labour. This is because it is easy
to calculate the direct cost savings made from a reduction in
manpower.
4.4.1

Criteria for Investmept Appraisal

The problems relating to entrenched company accounting
systems, and the inaccurate picture they portray, are discussed
in section 7.2. Similar attitudes and accounting conventions
have been imposed on the methods for investment appraisal.
However, since it is an internal management accounting function,
there is much more flexibility.
Ayres and Miller, (1983), and Engelberger, (1980), both
highlight the limited and restricted approach companies take to
the justification of AMT projects.
It is because the current
methods of appraisal do not embrace all the benefits of AMT that
many potentially feasible projects are rejected. Primrose and
Leonard, (1984), and a series of other papers, review the
difficulties in appraising AMT, and suggest an approach to avoid
many of the traditional problems.
104

It is claimed that, in the followinq cases,
evaluations are not necessary.
1.
2.
3.

financial

Where safety is of paramount importance.
When there is no alternative solution.
When no economic justification is needed.

4.4.2

Tbe COlt. of

ANT

The costs associated with ANT are mostly direct, and easily
accounted for as they need to be purchased, as qiven in the list
below. In several instances, the actual cost of the physical
equipment may be less than half the final cost.
1.
2.
3.
4.
5.
6.

ANT equipment.
System Desiqn.
Tooling.
Component Conveyors and orientation equipment.
Controls and Interfacing.
Guard rails and Safety devices.

However, there may be many indirect costs associated with
the implementation of ANT. For instance :
7.
8.
9.
10.
11.
12.
13.
14.
4.4.3

site Preparation and Equipment Relocation.
Installation Programming.
Personnel Training.
Production Loss during start up.
Redundancy or Retraining costs.
Maintenance and Insurance.
Enerqy (eg Electricity).
Consumables (eg Hydraulic Fluid).
Tangible and Iptapgib1e B.nefit.

There are three types of benefit to a company that adopts
AMT, "tangible", "intangible" and "strategic".
With few
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exceptions AMT is implemented on the basis of computing the
tangible benefits, such as reduced labour, capital tied to work
in progress and increased sales.
The case study described below gives the direct benefits
adopted by the surveyed company, who had the most comprehensive
investment appraisal. The first appraisal was to compare the
robotic and manual options for the packaging of a new product.
'labl. 4.4(1)

IpVeStment Apprai.al for a Robot

Robots (£OOO's)
Cost of Equipment
Cost of Accessories
TOTAL
10% Contingency *
Government Grant +

Manual (£OOO's)

47.0
25.6
72.6
7.2
29.6

0.0
30.0
30.0
3.0
0.0

50.3

33.0

Annual Benefits:
Material Saving
Additional Labour

103.0
0.0

103.0
21.3

TOTAL

103.0

81.7

-17.3

21.3

* Company Policy to have a 10% contingency on all costs
+ See section 7.4 for Government Assistance
Project payback 9.7 months and a OCF of 62t.
The second appraisal was for an automatic assembly cell of
four robots.
The proj ect took six months to plan, and was
installed during 1984, and resulted in 13 people being
redeployed.
The larger companies,
and in particular the car
manufacturers, usually introduce automation when they build a new
model.
This is because a new production line is required in
which little of the original equipment is reused. Therefore, the
106

engineers calculate the cost of manual production and then, stage
by stage, calculate an automatic option, electing the cheapest
one. However, the dominant cost saving factor is labour.
Tabl. 4.4(2)

Investment Appraisal for a lour Robot C.ll
(£OOO's)
Investment Costs

4 Robots
· Ancillary
Equipment

96
42
138

10% Contingency

13

Total Costs
Cost Savings
(Annual)

Direct Labour
· Indirect
Labour
Space
Inventory
Total Savings

151.0
64.3
10.0
7.5
5.0
86.8

This results in a 4 year DCF of 35.2% and a 7 year DCF of 46.8%.
In taking a systems view, it is important that the benefits
accrue to the whole business. This is because it is no good if
the benefits improve one department at the expense of any other.
There are criteria known as intangible benefits, Which are the
unquantifiable attributes of AMT. These differ greatly in value
from business to business and industry to industry. They also
cover a broad spectrum of the business operations.
For instance, how does one quantify the ability of a company
to become more responsive and flexible as a result of the
technological adoption?
In some cases, a company increases
public perception and awareness of its capabilities
by the
introduction of new manufacturing technologies.
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There are many benefits to a manufacturing company, which
are intangible, and therefore cannot be calculated or quantified.
This often leads to the abandonment of potentially successful
projects. One further consequence is for the engineer or project
manager to place greater emphasis on the direct, quantifiable
savings which are acceptable to the accountants. The problem is
that effort is concentrated on reducing the direct savings to the
detriment of potentially greater intangible benefits.
The distinction between tangible and intangible benefits
depends upon a company's ability to monitor, record and analyze
the information. For instance, some companies keep account of
all their work in progres~ at every stage of their manufacturing
operations. Those with accurate records can use a reduction of
WIP as a tangible benefit, whilst the remainder will have to
estimate it as an intangible benefit.
The investment appraisal of the companies surveyed include
a description of intangible benefits to support a marqinal case.
These include such phrases as greater flexibility, quality,
safety and material utilization. Primrose and Leonard, (1984),
believe that many of these so called intangible benefits could
be quantified if they were redefined. For instance a "better
quality product" could be redefined as :
i.
ii.
iii.
iv.
v.
vi.

reduced scrap,
reduced rework,
reduced disruption to production,
reduced warranty payments,
reduced quality control costs,
increased sales due to a better quality product.

The benefits that accrue from improvinq the social factors
and working environment are usually policy decisions and have no
financial benefit.
However, the company could benefit
financially through :
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i.
reduced insurance payments,
ii. increased production due to less absenteeism,
iii. reduced labour turnover.
The full list of quantifiable benefits, given by Primrose
and Leonard, is given in Appendix X.
They believe that all
benefits can be redefined in terms of performance measures
(expanded on in section 5.3), which can actually be quantified
financially.
4.4.4

Ipy.at-.nt Apprai.al t.chpigu••

Three quarters of the companies assessed their investments
on the basis of two year payback, which could be extended to
three years on the strength of a good argument for the
requirement and analysis of any tangible assets. Some of the
companies specified additional IRR constraints of between 20% and
30%. One company allowed for payback times of between three and
four years. TWo companies would not reveal the techniques they
used, whilst the other two were not solely constrained by the
investment appraisal technique.
On no occasion was the NPV
figure used as a decision criterion.
Payback is the most commonly used technique by management,
as it is conceptually the easiest to understand. However, since
the method takes no account of the relative cash flows beyond the
payback time it does not give a realistic measure of the value
of the investment to the company. The method is particularly
unsuitable for larger AMT investments, which often need up to
a year before they become fully operational.
The internal rate of return technique does not take into
account the time value of money for the expected life of the
project.
The percentage interest rate qiven equates to the
present value of future returns to the investment outlay.
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The net present value provides the most thorough technique
for appraising investments. The method gives the present value
of future returns discounted at the appropriate cost of capital,
minus the cost of the investment. If the cost of capital equates
to the opportunity cost, then Weston and Brigham, (1979), favour
the NPV method to make budgeting decisions.
The 14 costs (see section 4.4.3) and 23 benefi ts (see
Appendix X), together form the variables used in a 1200 line
Pascal computer program known as "IVAN" •
The program was
developed at UXIST to calculate the NPV for any AMT proj ect. It
is said that the complex array of data is unsui table for a
spreadsheet model.
The life cycle of AMT is uncertain, as much of the equipment
is in its infancy. Warnecke, (1982), worked on the principle of
a five year life span and NEDO, (1985), used a seven year time
period. However, Primrose and Leonard, (1984), believe that,
with additional development to increase the reliability of ANT,
the working life will be longer. This information is necessary
for the DCF analysis, which is judged to be the most accurate
method of appraising investments.
The Advanced Manufacturing Systems Group (at NEOO) conducted
research into 8 companies, who had invested in AMT before 1984.
There is a great deal of information given but little analysis
has been conducted on the trends or comparisons between the
companies. Using the information given on the annual cumulative
net cash flOWS, it has been possible to conduct an investment
appraisal on the 8 proj ects labled A to H. The results are shown
in Table 4.4(3). The initial capital investment is assumed to
have been incurred in year 0, and the cumulative net cash flows
from years 1 to 7.
These figures were then discounted at a 10%
rate, giving the NPV for an assumed 7 year life. In addition the
IRR was calculated.
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tlt(31

~G;a..

Investment APpraisal IDalysi. for the e
Model

Net Present Value
(£M)

Internal Rate of
Return (%)
Payback (years)

804_;a..

B

C

D

E

F

G

0.7

4.3

4.3

4.0

9.0

8.4 9.2

0.2

0.1

-2.0 -1.4 -0.7 -1.0 0

16

12

-2

2

6

8

11

16

6

7

>8

>8

>8

>8

7

7

A

capital Investment 0.7
(£M)

QOO

H

3.2

Taking the life of a machine to be 7 years, the NPV and IRR
financial indicators are low. Only in two proj ects were the IRR
greater than 14%, the current bank base rate (July 1989).
Furthermore, four of the projects result in a negative NPV and
the shortest payback period was 6 years. This highlights that
investments into AMT are primarily for strategic and long term
reasons.
Considering that most company's criteria for accepting an
investment appraisal is between 2-3 years, then none of the
models in the study would have been implemented. The reason the
systems were adopted was due to substantial government assistance
through the DTI and regional grant aid schemes. These schemes,
which are expanded on in section 7.4, effectively cut the initial
investment cost in the early 1980's by up to one half.
Figure 4.4(1) shows the annual and cumUlative cash flow data
for model A, assuming that the capital investment was halved.
It clearly shows how the actual annual cash flow figures improve
steadily over the five years, before stabilising.
The
intersection of the zero cash flow line with the cumulative
discounted cash flow indicates the payback period, which, in this
case, is 5.75 years. It is not clear why the actual cash flow
data appears to be rather erratic.
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The profiles for all eight models are similar, and closely
resemble the conceptual models given in Twiss, (1986). It must
be noted that the expected life of the AMT is greater than seven
years, therefore improving the long term value of the investment.

Having achieved a DCF value, it will be necessary to carry
out sensitivity analysis on the key variables. This is to allow
for risk and variations to forecasted variables. For example,
the equipment may not perform as initially intended or projected
sales may be inaccurate. When the investment appraisal has been
subjected to potential changes to certain variables, then a range
of DCF values will be attained.
It is this range of DCF values that have to be used by the
management when deciding whether or not to accept the investment.
In many companies visited, several appraisals may be submitted
at once to the management, who then have to make strategic
decisions in their selection process. It is therefore important
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that each project appraisal considers the same variables so the
consistency makes the decision making easier.
The research has found that companies in the sample do not
take into account intangible assets.
If the basic form of
investment appraisal does not roughly match the criteria, then
the project is not accepted. The only exception to this is when
the particular proj ect is so prestigious to a high ranking
individual that it becomes classed as a "do or die" investment.
It can be seen that the process of conducting an investment
appraisal requires many strategic decisions to be taken. The
company has to decide on the :
1.
2.
3.
4.
5.
6.

cost that can be considered,
benefits that can be considered,
working life of the equipment,
discount rate to be used,
method of investment appraisal to be used,
criteria for accepting or rejecting an appraisal.

Naturally, these will be different for each company, because
of the differing impact the AMT will have on the manUfacturing
operations and the business. The different forms of finance
available for funding projects is discussed in section 7.2. If
an external source is being approached, then it is clearly
important to conduct an accurate investment appraisal, which
justifies the project financially and socially.
Primrose,
(1988), believes that there is little difficulty in raising
finance as long as the appraisal is attractive.
"The Merchant Banks and venture Capital companies say there
is no shortage of available capital.
The real problem
seems to be in the inability of engineers to convince their
company's accountants that projects are sufficiently
attractive to make it worthwhile raising the funds."
The recent development of visual active simulation packages
allows for various technologies and shop floor layouts to be
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ana1yzed in detail. Information on production rates, queuing,
and stocks can be attained, along with sensitivity analysis for
a relatively small capital outlay. Simulation software begins
at £10,000, but can be used repeatedly.
This approach is
advocated by Hollocks, (1985), and White, (1987). Simulation
aids management decision making, and reduces the probability of
purchasing a wrong system. The more sophisticated packages are
easily adaptable and can compare many different scenarios. Only
one of the companies sampled had used a simulation package to
assist with the design of their production systems and ANT. One
reason for this is that using simulation packages can be a time
consuming process for personnel with limited experience.
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Tabulated Sn-ary or aesu1ts from SUry.X or 20 ComDani ••

strategic and Tactical Activities
Within the Sample Group

Responses
No
%

Formulate a Development Plan
Update Development Plans Annually

13
6

65
30

Identify the key Performance Measure

10

50

Market Leaders in the Products Sold
On a Par with the Competitors
Behind Competitor Products

7
5

35
45
25

Market Leaders in the Technology Adopted

6

30

Invested to Increase Production
Maintained Constant Production Levels
still had Reducing Sales

4
10
6

20
50
30

Install AMT "step by step"
Install AMT by production line

16
4

80
20

Placed ANT on critical Activities
Had no Alternative Production Routes
First Installation on a critical Activity

14/18
6/14
6/18

78
43
33

Decreased the Factory Floor Space
Increased the Factory Floor Space
No Change to the Production Area

10
6
4

50
30
20

Changed the Layout of Production Facilities

12

60

Heavy Engineering
Medium Engineering
Light Engineering

4

6

10

20
30
50

Trade Union Representation
single Trade Union Companies
More than One Trade Union

16
3
13

80
15
65

Manufacture the Same Products
Change the models of the Basic Product
Completely changed the Original Product

4
10
6

20
50
30

Companies that rely on one customer for
more than 50% of their Business.

6

30

Full vertical Integration of Activities

5

20
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9

The chapter has highlighted the key strategic and tactical
decisions involved in the process of implementing AM'!'. The need
for a development plan, which is part of a corporate strategy,
and for a broad based project team, with a leader capable of
effectively managing the implementation, is emphasised.
The research has shown that the implementation of AM'!' should
not be treated as an isolated event. It is a process requiring
detailed planning that involves prior understandinq of the
implications and communications with all affected parties.
Choosinq the most appropriate equipment, and selecting the
best combination of suppliers are crucial factors.
Detailed
consideration has also to be made on the equipment specification
and contract. In addition, the necessity of the team leader to
manaqe the system changes, required within the production
process, cannot be overlooked.
The importance of having a reliable and accurate Management
Information System for identifying the areas in need of chanqe,
and evaluatinq the criteria for the investment appraisal, is also
shown.
The inadequacies of existinq appraisal methods and
criteria are outlined, and the necessity of makinq a strateqic
assessment of the investment on the "whole" company is stressed.
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CHAPTER 5

IHlLZClTIONS lOR

THE MANUFACTURING RESOUBCES AND OPERATIONS

Chapter 5
;,plication. for the Manufacturing Re.ourae. &Dd Qperation.
~

Introductiop

In developing a manufacturing strategy for the future it is
necessary for the company to be aware of all the business
activities. This chapter looks in detail at the resources of the
manufacturing system, and how they are affected by, or influence
the adoption of automation. The three resources being considered
are those of materials, manpower and machinery.
The research primarily draws upon the knowledge and
experience attained from ~e industrial visits, the "Design
Questionnaire", and the NEDO report of 1985, to establish the
implications of AMT on the manufacturing process.
It is
necessary for companies to be aware of the effect for the
development and evolution of future strategies.
In addition,
consideration is qiven to some tactical aspects of adoptinq a
manufacturinq strategy.

Figure 5.0
Tbree Maip R.sourc. compop.nts for Manufacturing QD,ratiop.

PEOPLE
Manpower

I
MANUFACTURING SYSTEM

I

I

PRODUCT

PROCESS

Materials

Machinery
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Figure 5.0 shows how there are four sections that are
required to formulate a future manufacturing strategy .
Consideration has to be made of the boundary of the business as
well as the commercial environment as a whole.
Wi thin this
context the strategy is evolved around the materials that make
the product, the process technology that manufactures it and the
people who operate the machinery. Collectively, they function
as a system which requires measurable objectives, as described
in section 2.3.

ILl Implications of ANT on the Manufacture of Product,
This section concentrates on the changes that have taken
place over the past decade in the management of materials. It
then assesses the role of ANT in influencing these changes.
Particular attention is paid to the proportion of products
manufactured in house, the quality of products manufactured,
quality control, the inventory control systems and the cost
structure of products.
5.1.1

Trends in Manufacturing

One of questions in the design questionnaire was targeted
at design engineers to try and establish the impact of AMT on any
one of eleven manufacturing activities. The questionnaire was
designed so that those companies, who had automated, could easily
be separated from those who had not. In addition, respondents
had to note whether, over the past five years, the manufacturing
activity had increased, not changed or decreased. The results
are displayed in Table 5.1.
It was intended to conduct a chi-square test on each of the
eleven parts, with the null hypothesis that ANT made no
difference to the individual manufacturing activity. I~ every
case the intended 3x2 contingency table had to be condensed to
a 2x2, table due to just 60 responses, resulting in a number of
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cells having less than 5 entries.
at the 5% significance level.

The tests were all carried out

Only three of the activities resulted in a chi-square value
greater than 3.84, the critical point beyond which the null
hypothesis is rejected.
Therefore, we can conclude that the
design engineers believe ANT has significantly increased :
1.
2.
3.

The number of product types manufactured.
The opportunities for creative design.
Communication with the production department.

With respect to the remaining parts, although there may be
distinct features, one cannot differentiate between those
companies who had automated and those who had not. Figure 5.1 (1)
illustrates the proportion of respondents who recorded
increasing, no change or decreasing for each part.
Two thirds of the companies wi th AMT had increased the
number of types of products they manufactured. This underlines
one of the advantages of ANT, which is to reduce the set up times
and allow for quick changes to be made for machine settings, and
hence allow opportunities for additional production.
The respondents also suggested that AMT and CAD increased
opportuni ties for creati ve design.
This is because the new
computerised systems allow for a greater number of trials to be
made and immediate analysis on the outcomes of the results to be
carried out.
The reply profile was similar to that for the
number of types of products manufactured. Since, in a different
question, 70.8% believed that CAD was a pre-requisite for AMT
(and that no respondents had AMT without CAD), it is clear that,
in general, ANT and CAD allow for more variation in product
ranges and greater opportunities for creative design.
The advent of AMT has increased the amount of communication
between design and manufacture departments. With greater scope
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for efficiency gains as a result of direct linkages between CAD
systems and AMT, it is not surprising that there has been
increased communication. Those companies not having AMT (35% of
the survey) are not taking advantage of the benefits.
In conjunction with the increase in the number of models
manufactured, there is also an increase in the number of times
a product model is redesigned or modified during its lifetime.
This is probably a result of both AMT and changing consumer
demand.
The number of components, per product, has been reduced
slightly, as companies attempt to simplify their products and
production processes.
However, in some cases, products are
becoming more technically sophisticated, and therefore require
more components, which opposes the general trend.
To complement the downward trend in the number of components
per product, the number of standard components per product has
increased. The reason for this is a move towards single sourcing
of components, and utilising new materials which are capable of
replacing many old ones. Plastic moulding is an example of a
manufacturing operation, which has simplified production,
assembly, and in some cases the maintenance of the product.
In the drive to improve the quality of products and, at
least, maintain market acceptability, companies, both with and
without automation, are increasing the number of quality checks
in their manufacturing process. Indeed no respondent indicated
that new equipment resulted in a reduction to the number of
quality checks.
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figure 5.1(1)
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'table 5.1(1)
'the laDact of ANT on Eleven Manufacturing Functions
Mean

Manufacturing Function

NC

33

16

9

D

1. Number of Models Manufactured

2.4

2. opportunities for Creative Design

2.4

31

22

6

3. Communication with Production

2.5

28

22

8

4. Modifications in Product Lifetime

2.3

26

28

6

5. components Per Product

1.8

9

28

21

6. Standard Components Per Product

2.3

26

26

6

7a.Manual Quality Checks

2.4

32

17

9

7b.Automatic Quality Checks

2.5

29

29

0

8. Number of Component Suppliers

2.0

24

12

22

9. proportion of Products Bought In

2.5

32

25

2

1.6

5

22

31

10. Number of Manual Operations
I

I

=

Increase

(3)

Ne = No Change (2)
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.

D =Decreasing ( 1)

The question, which showed the lowest number of respondents
electing for the no change option, (20.3%), was regarding the
number of component suppl iers.
However, the 79. 7 %, who had
witnessed a change, were equally split between increasing and
decreasing.
This probably indicates the conflict between the
single sourcing of component supplies, and the increased
technical sophistication of the products, which results in
purchasing more components.
The previous points raised, concerning the increased
technical sophistication of products, is emphasised by the
increase in the proportion of components bought from suppliers.
This trend may also illu~trate how some companies are beginning
to specialise and focus on the activities they do best.
Finally, there is a reduction in the number of manual
operations carried out by companies.
This could be an
illustration of the combined effects of rationalising the
manufacturing facilities, as well as the introduction of AMT.
5.1.2

proportiOn of Product Manufactur.d "In BoU....

The development and growth of many large UK manufacturers
led to strategies of "self sufficiency", in which the
manufacturer built as large a proportion of their final product
as possible.
However, these non-essential manufacturing subsystems became inefficient due to improper utilization.
Furthermore,
the specialist manufacturers were offering
consistent components at a lower price, and were also becoming
more reliable with their delivery schedules.
There has therefore been a trend for UK companies to
specialise in their major function and focus on certain
operations. This strategy takes advantage of the economies of
scale and expertise offered by the component suppliers. However,
there are certain operations which, despite being uneconomical,
are classified as being critical to preserving the company's
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security and esteem. In some companies these operations will be
carried out internally, even if it is non-profitable.
In many companies large investments in AMT provide the first
opportunity for the company to assess the real costs of
components and sub-assemblies. Often the reason is because the
companies have not monitored the production operations in
sufficient detail to assess the true cost of each operation.
It is accepted by many personnel within the manufacturing
companies that the company did not appreciate the capabilities
of AMT until some time after it had been installed.
These
companies are natural~y learning, but have missed the
opportunities that could have given them a competitive edge
earlier.
The situation evolving is one where companies are placing
more emphasis on special sub-assemblies from suppliers, which the
manufacturer can use to broaden its product range. These are
also more modular in design.
The critical point, as far as
Mather, (1987), believes, is that the diversification of product
range takes place at the later stages in the production process.
This research has observed that different levels of manufacturing
process flexibility are being adopted at different stages of
production. Dedicated machines are used in the initial stages
and more flexible equipment in the later stages. Indeed some
companies adopt temporary human labour to add to the flexibility,
especially in the later stages of production.
One example of the change has been the introduction of
electronic gadgets in a wide variety of products.
Here, a
traditional manufacturer cannot compete within his own existing
business, and, at the same time, diversify into other areas such
as electronics.
This consequently leads to the purchase of
modular sub-assemblies, and expertise from external suppliers.
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ouality of Products Mapufactured
One of the main reasons why companies are persuaded to
purchase AMT is the greater accuracy and consistency, compared
with manual labour techniques. This allows the product to be
manufactured with lower tolerance levels, which ultimately
improve the quality.
People have different perceptions of the term "Quality".
writers on the topic, such as Gavin, (1987), believe that quality
is not an isolated concept, and that it requires "multifunctional teams" from marketing, engineering, purchasing and
manufacturing, to look ~eyond purely statistical control on
quality, by considering eight separate dimensions :
1.

Performance:

primary
operating
products.

2.

Features

Characteristics that supplement the basic
product.

3.

Reliability:

Probability of failure in a given time.

4.

Conformance:

Degree
to
which
the
operating
characteristics match the product design
standards.

5.

Durability

6.

Serviceability: Speed, courtesy and ease of repair.

7.

Aesthetics

8.

Perceived
Quality

·
·

characteristics

Measure of the product t s
deteriorates.

How a product
smells.

looks,

of

life before it

feels,

tastes

or

Inferences on image and brand name,
rather than reality.

Quality is not just the designer's objective, but also the
aim for every activity within the system, when providing the
product required by the consumers. To this extent, providing
"quality" adds to the product's cost. The implementation of new
technology can have a considerable impact on the conformance,
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durability, reliability and performance of the product, as long
as it has been adequately designed and engineered.
The process of involving all the business activities and
functions involved in attaining a "quality" product is known as
"Quality Assurance", (QA).
Fido, (1988), outlines three
objectives required for quality assurance.
1.
2.
3.

strategy for setting a company's standard of quality.
Specification of technical and human factors, which could
affect the attainment of a desired product quality.
Control of working procedures, testing procedures, human
responsibilities an~ data collection.

The objectives and activities call for the understanding and
commitment of all personnel, from management to process worker,
and from designer to sales staff. To contribute to an effective
management system, the objectives must be documented, explained
and accepted by all company personnel.
The subject of quality is high on the agenda of all the
companies sampled.
strategies for tackling the production
related problems revolve around the implementation of automation.
However, the larger companies are appointing specific personnel
to look into the whole aspect of quality. This usually results
in a cross-departmental systems approach, with particular
emphasis on Design, and its links with Marketing and Production.
Some forms of ANT, notably robots, will only accept and work
on accurately dimensioned components. This acts as an effective
"on-line" quality control inspector. other automation also has
the ability to test and measure its own work, to check that it
is conforming to the specified standard. In addition this makes
it is easier to adopt a quality management system and reduces the
need for manual quality controllers.
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The machines are capable of recording measurements and
ana1yzing the results. These can be transferred directly into
a computerised Management Information System, (MIS). This not
only allows the management to control the system, but also gives
a foundation on which the company may develop a quality systems
standard (such as BS 5750) with its customers. It may also be
used as a basis for attaining other technical and scientific
s~andards relating to the products' dimensions I materials, safety
and performance. This is increasingly important in the light of
more strict European standards, and the common trade market in
1992.

Producing rejects, or adding value to non-conforming
component supplies, is expensive.
ANT can prevent this and
reduce the amount of actual rejects and re-work required. The
effect is to increase the productive time of the equipment, and
of the manufacturing system as a whole. This also increases the
opportunity costs of not implementing ANT.
Due to the subjective nature of "quality", the criterion is
rarely included in any justification for an investment. However,
the opportunity cost of not adopting ANT should be considered as
a benefit in any analysis. This opportunity cost should allow
for the reduced quantity of rework, rejects, and for the
additional production. However, it is often ignored because of
the uncertainty and inaccuracy of previous records, which do not
allow for a true assessment of the real benefits to be made.
In addition to ANT improving the quality of machined parts,
British companies, and especially those which are American owned,
are introducing "Quality circles" into their organisation. This
is where a group of workers and supervisors, within each area of
the organisation, meet to discuss ways of improving the quality
of the product, and to monitor progress. It is a concept that
originated in Japan, where it is closely matched to their
cul ture. The problem with trying to implement such systems into
the OK is that the employees and employers have had conflicting
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objectives, and it is alien for them to be seen to work together,
in an attempt to solve common problems.
There are also quality issues associated with the AMT
equipment itself. It is difficult to obtain information on the
reliability and availability of the machinery, but the engineers
and technicians interviewed claimed that the machines do not
breakdown as often.
Indeed a Japanese company, with a
manufacturing base in the OK, only employs two maintenance
engineers for their whole plant. Other companies, with large
quantities of AMT, have said that often their maintenance
engineers spend most of their time on routine facilities
maintenance.
5.1.4

Inventory control

There are various forms of inventory control systems, such
as Materials Requirement Planning, (MRP), which, when taken to
the "limit", result in inventory arriving "Just In Time", (JIT),
for production.
The initiators of JIT were Toyota of Japan
around 1970. However, it did not become a popular concept in the
OK until after 1980, when companies realised that holding large
quanti ties of stock was expensive to the company and reduced
their profit margins.
To many companies it was a surprise that a good inventory
control system brought other benefits as well. For one example,
each major machining centre had an optimal batch quantity,
calculated by using the Economic Batch Quantity, (EBQ), formula
(Bestwick and Lockyer, 1982). The implementation of stringent
stock control forced companies to have just one EBQ for the
manufacturing operations as a whole, which in turn eliminated the
need for buffer stocks (except in the case of special, or
critical components).
However, most of the companies surveyed agreed that changing
the old stock control system was not easy because the employees
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had to be taught a new philosophy. The approach, which required
additional training and education, was only forthcoming when
there was large investment elsewhere in the company.
For
instance, resources would only be made available for stock
control if they were part of a package. Whilst in Japan JIT
always precedes any ANT, in the OK the changes take place in
parallel.

",WaD"

Ipventory Sy.tem

The aim of the Japanese "Kanban" (Japanese word for a bin)
system is to ensure that there is a smooth flow of materials
through production.
Th,e system provides repetitive product
manufacturing plants with an uninterrupted flow, in which the
lead times are balanced with the processing times.
The system
operated by Toyota is an example of a "Pull" system and is
summarised below and illustrated diagrammatically in figure
5.1(2) •

1.

There are two cards, a MOVE card, and a PRODUCTION card.

2.

Each card defines the:

3•

The work centre uses components from its inbound stock
point. These will have a MOVE card attached to them.

4.

When the "Kanban" is required by the work centre for
manufacture the MOVE card is detached and returned to the
outbound stock point of the previous work centre.

5•

The MOVE card then replaces a PRODUCTION card in the
outbound stock point of the previous work centre.
This
then allows a "Kanban" to be transported to the inbound
stock point.

(a)
(b)
(c)
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Work centre,
Inbound Stock Point, and
Outbound Stock Point.

ligure 5.1(2)

Plow Diagram of the "Iapban" Ipventory Control System
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6.

The PRODUCTION card is returned to the work centre, where
it permits another "Kanban" to be filled. When SUfficient
products have been manufactured to fill a "Kanban"
production stops.

7.

The "Kanban" is then given the PRODUCTION card and is moved
to the outbound stock point.

The batch size of the system is equivalent to one "Kanban".
The system is initiated at the inbound stock point of the final
assembly work centre, when MOVE cards would be sent to the
appropriate outbound stock points of the previous work centres
to "PULL" the material.
The quantity of stock held is controlled by the quantity of
cards in circulation, and therefore the system can be controlled
and introduced over a period of time. The system will only work
if it has the full cooperation of the workforce and if there is
a fixed repetitive sequence of events.
More detailed
explanations of the "Kanban" system can be found in Lee and
Schwendiman, (1982).
It is said, by Nakane, (1982), that the oil crises at the
beginning of the 1970 I S were the real catalyst for greater
productivity through stock control. This was especially the case
in Japan and west Germany, who do not have any known oil
reserves.
Once the "Kanban" system had been implemented
companies would identify production bottlenecks more easily, to
which one possible solution may be to automate.
5.1.5

cost structure of Products

The economic recession in the UK at the beginning of the
1980's combined with tight monetary policy creating high
interest, foreign exchange, and inflation rates meant that
companies could not maintain high profit margins without cutting
unit costs. The result in many labour intensive companies was
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to reduce manpower to a minimum, and decommission old surplus
machine tools. This, in many cases, had the short term effect
of reducing unit costs, by decreasing overheads and increasing
productivity.
However on a national scale this created mass
unemployment which officially rose to over 3.4M in 1986, (see
figure 2.4(2».
The consequence of this action was to reduce the proportion
of a product I s cost attributable to direct labour.
Those
companies, who have adopted ANT to a large extent, have further
diminished the proportion of direct labour.
The capital
depreciation is calculated as an overhead expense, along with the
increase costs associate~ with additional support services, such
as computers and specialist engineers. One engineering company
in the Midlands claimed that the costs attributable to direct
labour, overheads, and materials had changed from 50%, 15%, and
35% in 1980, to 20%, 20%, and 60% respectively in 1987. In five
of the companies surveyed the material content of the product
cost was in excess of 80%.
The NEDO, (1985), report gave detailed quantitative
information on the materials, labour, and overhead costs from the
companies profit and loss statements. The data obtained from the
NEDO research has been tabulated in Appendix XII. The result of
the analysis is shown in table 5.1(2).
The NEDO data primarily came from the appropriate company
accounts and, as a result, will reflect company wide strategies,
and not just those directly related to AMT. The mean figures are
displayed in column B of table 5.1(2), and illustrated in Figure
5.1(3). It is clear that significant savings are made to all the
cost components, with the largest being direct labour. The pie
chart showing the mean proportion of a product's cost
attributable to each cost component, after the adoption of AMT,
illustrates how materials have become the major cost, (see figure
5.1(4» •
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The remarkable feature of the information is that the
magnitude of the improvements are very similar for all eight
models (see Appendix XII). It is clearly shown that the largest
improvement is in the direct and indirect labour savings.
In
contrast, the material saving of less scrap and greater
utilization only accounted for between 5 and 8 percent.
The
results from the eight models shows that the mean cost saving was
around 20%, which resulted in large increases to both operating
and retained profits.
Tabl. 5.1(2)

Cost structure of Products - snmmary of DDO Data
A: Savings attrib~table to each cost component.
B

Proportion of the total savings made by each cost
component.

C

The proportion of the total product cost made by each
cost component before automating.

D:

The proportion of each cost component after
adoption of automation and production systems.
Figures given in percentages.
Mean
A

Mean
B

Mean
C

Materials

14.2

6.0

39.0

46.1

Direct Labour

56.6

23.1

13.4

8.1

Indirect Labour

46.9

18.1

9.9

7.2

Staff Labour

35.9

14.1

8.4

7.5

Fixed Expenses

23.4

9.7

1.8

1.9

Variable Expenses

33.1

13.6

9.2

8.4

General and Admin Staff

28.3

11. 6

9.0

8.9

8.9

3.8

9.3

11.7

100

100

Cost Component

General and Admin Expenses

100

133

Mean
D

the

Figure 5.1.(3)
Mean Savings Made by each cost component
as a result of Adopting AMT
Fixed Costs 10.8%
Staff Admin 12.9%

Variable Costs

15.1%

Staff Labour 4.6%
General Admin 4.2%

Indirect Labou 20.1%

Figure 5.1.(4)
Mean Product cost structure After the Adoption of AMT

DIRECT LABOUR 8.2%

VARIABLE EXPENS 8.4%

STAFF LABOUR 7.4%

STAFF ADMIN 8.9%

INDIRECT LABOUR 7.2%
GENERAL ADMIN

11.7%-lllm;m~~~;@~m~
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FIXED EXPENSES 1.9%

The report was produced to show the implications of adopting
AMT. Indeed the balance sheet data is most encouraging. However
the investment appraisal measures, analyzed in section 4.4, are
poor by comparison. Assuming the
figures are accurate, then this clearly illustrates how the
advantages of AMT and production control systems are much broader
than the set of criteria traditionally used to appraise
investments.
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Management of Human Resources
When AMT is introduced into a factory the management cannot
automatically expect the employees to operate the equipment
straight away.
First, the company has to agree with the
employees (or through their trade union representative), to
accept the new AMT or system.
Then the operators have to be
trained, and maintenance engineers updated on the technology
prior to operation.
Under a well structured project plan, these factors should
have been agreed and acted upon before installation. One company
visited had installed e~ipment, which lay dormant for nearly a
year before an agreement was reached with the trade union. Some
companies take a piecemeal approach, in which settlements are
reached for individual AMT implementation.
However, many
companies have tried to arrange more general and widespread
agreements covering whole company operations. These are usually
known as "New Technology" or "Flexibility" agreements.
The drive for these agreements has been four fold and it is
difficult to distinguish between them, namely
1.
2.
3.
4.

The introduction of new technology.
The commercial pressures for increased productivity.
The influence of overseas competitors and their working
systems.
Imposition of greater control over employees.

The involvement and attention of people is critical to the
success of any system and cannot be disregarded. To a business,
people, like machines and materials, are resources, and have to
be fully utilised in an effective and efficient manner.
The
success of business depends upon the optimum utilization of its
resources.
However, the human resource has to be treated
differently from machines and materials, because people have
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attributes such as "feeling" and "intelligence",
therefore to be treated accordingly.
5.2.1

Labour

Fl.xi~ility

and

have

- Cas. study

The case study discussed concerns an agreement titled "The
FUture of Employment", siqned 3 April 1986, by company management
and trade union officials.
The company involved had several
trade unions and manufactured heavy engineering products. Its
main product base was declining and so the company was looking
to diversify, in the hope of attracting larger quantities of
business. Indeed, by 1988, the core business only accounted for
around 50% of the total turnover.
To attract this additional business
(and maintain
employment) the company believed it had to increase productivity
and illustrate that it had a good progressive working
relationship. It was also recognised that their main competitors
were trying to enforce similar agreements, but, as far as the
company was involved, "The Future for Employment" flexibility
agreement was the most comprehensive.
Aims and objectiyes
The company had four intentions that it hoped the agreement
would cover.
11 •

1.

to ensure the continuation of a high productivity, low
cost, manufacturing, engineering and contracting facility
at the factory, capable of meeting the demands of the
market place in the OK and overseas.

ii.

to provide opportunity for discussion and consultation, and
understanding of the changes required, by employees.

iii. to equip the company and its employees with the skills,
tools, methods and attitudes needed to make the company
competitive, and to secure employment.
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iv.

to engender an understanding that future employment with
the company can only be possible if based on an employment
environment free from wasteful practices (which increase
cost and reduce productivity), and containing firm
agreements on flexibility, interchangeability, mobility and
deployment of personnel. The company therefore seeks to
create an environment where employees are willing to
undertake alternative tasks required subject only to their
level of skill, expertise, or safety requirements.
This
represents a significant change in the working life of all
personnel working for the company, and is essential if our
future prosperity is to be secured."

The trade unions welcomed the agreement and accepted most
of the rationale behind it. However, their chief concerns were:
1.
2.
3.

maintaining present ,employment levels.
ensuring their members were rewarded financially for any
additional skills they attained or responsibilities held.
maintaining or improving safety standards.

Functional Flexibility
The following group of five statements of intent describe
the functional flexibility required by the company.
It
illustrates both the intended changes to working practices and
the methods that operated prior to the agreement. The key issues
were the abolition of trade demarcation barriers, cross trade
flexibility, and multi skilled employees.
"1.

Management and unions accept the obligation to ensure that
the company operates with the most effective methods, the
best utilisation of manpower, the highest possible levels
of j ob satisfaction and free from the introduction, or
continuation of management or union based wasteful
practices.

2.

In order to utilise manpower resources fully, all employees
will perform al ternative work wi thin their skills and
capability and to achieve this, individuals will accept any
necessary training, and be prepared to move from task to
task, or job to job, as the needs of the operation require.
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3.

In directing the allocation and method of work (that is who
does what, how and when) the accepted overriding need is to
find the most efficient route, without restrictions, based
on precedent or previous practices.

4.

Historical demarcations,
including barriers existing
between various trades, and staff employment categories
will be removed.

5.

When workload, efficiency considerations, advances
technology, or changes in orqanisation systems
procedures require the acquisition of new skills,
working practices or the assignment of individuals
different work areas, the only limitations will be :
the skill that people have or can acquire, and (ii)
requirements of safety."

in
or
new
to
(i)
the

The purpose of removing so-called restrictive working
practices was because the company's business was unevenly
distributed throughout the manufacturing departments.
The
situation, where some workshops would be overworked (and
incurring large overtime costs), whilst others were without work,
occurred frequently.
New Technology
The introduction of new CAB and CNe machines was also a
major reason why the employees were keen to have the agreement.
Trade unions, in general, welcome the introduction of new
technologies as a sign of confidence, and investment for the
future.
The dilemma for the trade unions is to agree on how
their members should benefit from the introduction of new
technology, individually or collectively. National leaders
believe that the problem should be tackled on a local basis at
the company.
In principle, the trade unions do not agree that a few
members should benefit financially on something that is not
available to all. The solutions, for some companies, are to have
a bonus scheme whereby everyone benefits, or to introduce a
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different job grading structure. The abstract below outlines the
agreement on new technology and the payment to the operators.
"Employees will cooperate fully in the introduction of
changes in technology, equipment, systems, procedures, etc.
in an endeavour to maintain competitiveness and efficiency,
without additional specific payment.
It is accepted by
management and unions that improvements in earnings can
only be generated from profitable, cash efficient activity;
that investment in new technology etc. is essential to
retain competi tiveness, and is in the long term best
interests of the company and its employees. n
Financial Flexibility
The company saw no reason why it should change the job
ti tles or grading structure. It also accepted that each employee
could retain his main trade craft name, to ensure that there was
a core of tradesmen, who had advanced training in a principal
craft. The agreement also outlined that there would be just four
grades, with payment relevant to their primary level of skill and
If an employee (usually when a trade barrier was
expertise.
crossed) worked in an equal or lower grade, then he would receive
the same pay. However if a trained employee carried out a higher
grade of work for over one week then he would receive additional
payment.
Numerical Flexibility
The agreement also stated that, at times of high demand, the
unions would not object to the employment of temporary workers
or to any work being sub-contracted. If the temporary staff were
employed for more than three months, the company would consider
making them permanent workers.
This gave the company both
numerical and financial flexibility over its employees.
Employee

'b'l't'
~ ~ ~es

Respons~

In the light of a changing commercial environment, in which
product quality was increasingly important, it was necessary to
ensure that the employees were responsible for the quality of
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their own work. Furthermore, to ensure that the company utilised
its resources more effectively and implemented new control
systems, the employees would have to cooperate with new work
booking and job recording procedures.
Time Management
"In line with the general philosophy that all work should
be completed on time, employees undertake to:
i.

minimise waiting time and to accept personal responsibility
for the speedy completion of all tasks assigned.

ii.

be available for work for the full working hours at their
place of work.

iii. management
and
supervision
equally
accept
the
responsibility to plan and control work effectively to
reduce the impact of lost time.
Work booking and Job Recording
Employees will cooperate fully in the implementation and
maintenance of sound work booking and job recording
procedures. This will require the acceptance and use on
the shop floor, and in offices, of measured or estimated
target times and standards, against which work progress and
performance will be assessed, to meet the needs of our
customers.
Employees will be personally responsible for the accurate
recording, and, where practical, the actual input of times
spent on jobs where required.
Quality and Inspection
To increase job satisfaction and reduce costs, all
employees will assume personal responsibility for the
quality and inspection of work they produce. All employees
are encouraged to develop pride in their craftsmanship and
skills and will be required, where necessary, to sign off
completed items of work as meeting the required standards.
Inherent in this approach is the concept of "traceability"
back to the original employee, or group of employees, which
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is an essential requirement of eg. general engineering
activity."
Joint Monitoring Committee
It was acknowledged that there would be problems and
disagreements when implementing "The Future For Employment"
agreement, especially in the beginning. For this reason a Joint
Monitoring Committee, (JMC) , was established, consisting of the
Convenor from each of the trade unions, two management personnel,
and a chairman. The management believed that it was important
for specific objections to be heard, after the job transfer and
not before, to limit the disruption to production. The agreement
was not a "no strike" .agreement but, it was accepted that
industrial action would operate only as a measure of last resort,
and would be an indication of failure of management and employees
to arrive at a satisfactory solution. The terms of reference for
the JMC are outlined below.
"i.

Review the use of flexibility occurring over the previous
week, and its effectiveness.

ii.

Discuss and identify any problems arising and make
recommendations to management for corrective action if
required.

iii. Review the forward forecast of flexibility plans and
highlight potential problem areas requiring management
attention.
iv.

Identify additional opportunities for flexibility to
further increase productivity / efficiency and recommend
accordingly to management."

"The FUture of Employment" was a unique and special document
for the company and its employees. It became a platform on which
modifications could and have been made, and it has resulted in
frequent dialogue and discussion between management and employees
on the manufacturing operations.
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The document was also unique in that it would not be
directly applicable to other companies, although the skeleton
outline described could be adopted.
Similar agreements were
being implemented in the traditional low volume, labour intensive
heavy engineering sector, where trade unions have been well
established, and where pay and working conditions are poor.
Those companies who had no trade unions, or single AEU
representation did not have the restrictive working practices
associated with multiple trade unions and often had more modern
facilities. These companies were moving forward by providing :
1.
2.
3.
4.

5.2.2

manual and production workers the same benefits as those
given to staff,
improved working environment and facilities, such as less
noise, air conditioning and sanitation,
common canteen facilities,
greater flexibility in staff hours and "Annual Hours" for
production workers especially in companies where product
demand is seasonal.

Influence. of ANT on Mapagement anO Employe ••

Many of the companies visited claimed that the advent of AMT
had changed the working environment. By observation it is clear
that companies have often improved the working conditions in the
area where the AMT is to be installed.
Most AMT is well protected by guards which, when opened,
will automatically stop the machine. This has made the machines
much safer and in many cases reduced noise levels.
For the
larger FMS, new facilities have been built, in which the ambient
conditions have improved as well as creating a better working
environment.
To some workers (particularly the keen and young) the
operation of AMT has been seen as progress and a challenge. This
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has increased the job satisfaction and motivation of the affected
employees.
In order for employees to maintain a high and
consistent level of work over a long period of time, they have
to be motivated, and interested, so that their concentration is
kept on the job in hand. Companies are now more aware of the
necessity of high employee morale, and try to introduce variety
through work rotation schemes.
One aspect to coincide wi th AMT and lower direct labour
costs is the reduction in the number of job grades, which used
to be a source of much conflict. It is also said that the job
descriptions have to be made more specific. This is to ensure
that the j ob is done properly, first time, on time, and can
easily be recorded.
This is emphasised by AMT, as the
opportunity cost due to poor work is high, making the employees
more accountable for what they do.
The other major change is that, to justify large investments
in AMT, companies have to operate the machines for more than one
shift.
All twenty companies visited had some part of their
production operating more than one shift. This, in itself, can
be difficult for personnel departments to manage, as many of the
support services also need to be present.
5.2.3

Training and Bducation in the VI

It was difficult to obtain information about the training
that takes place within a company, and how effective it has been.
The problems of quantifying the effects of training within a
company are given in a feasibility study for the EITB by Elder,
(1987) •
Initially, there are different forms of training
required for the different employees. Sometimes, this makes it
difficult to distinguish between the job and the training. Since
this is the case, it is also difficult to isolate the true cost
of training, this being the direct training cost plus the
opportunity cost from loss of productive time.
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Elder found that some companies, with certain procedures,
were unable to quantify their training costs. The majority did
not, and could not justify devising a system to find out. This
is not to say they did not have training strategies, but that
they could not see the benefits of having detailed cost data.
One common problem was that the benefits of training are
intangible and often subjective.
This makes it difficult to
correlate the effectiveness of training investment.
It is claimed by the Oxford review of Economic Policy,
(Autumn 1988), that public and private employees spend £14.4
Billion a year on training which is around 8% of the UK GDP.
This is comparable with other European nations and North America.
However, the Economist, (1988), argues that the money is spent
by too few companies, and often on the wrong type of training.
It is said that companies spend too much time and money on
teaching school leavers the basic skills, which should have been
covered by the schools.
companies are keen to take advantage of the limited free
training provided by AMT suppliers, but few medium or smaller
sized companies will carry out their own. The larger companies
will have their own "In-house" training centres, and, to justify
the expense, will ensure that it is fully utilised. With the
exception of these cases, companies see training as an expense
without tangible rewards.
Furthermore, employees who are
trained, are themselVes more marketable and, failing a financial
reward, or sense of loyalty, will be lost to another company.
Thus the training cost is then to the benefit of the potential
competitor.
The changing of many working practices and environments are
becoming increasingly common. These changes have coincided with
easier communication and a greater flow of information.
To
maintain this trend, the education and training of management and
employees has to be improved. Furthermore, with the demographic
profile for the existing teenagers set to fall in the UK, this
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increases the pressure on companies to promote and train existing
employees.
university Graduates and Degree Disciplines
The proj ections of future student numbers are taken from the
document "projections of Demand for Higher Education in Great
Britain 1986 - 2000", published by the Department of Education
and Science, (DES), (UGC, 1987) and (DES, 1988).
These
projections show that the numbers of initial entrants to higher
education are expected to rise from 165,000 in 1985, to 172,000
in 1989. Thereafter, the numbers are forecast to fall to 154, 000
in 1995, before rising again. This trend is shown in figure
5.2(1), with the detailed figures given in Appendix XIII.

riqure 5.2(1)
Aotual apd Projeoted pegree Graduates ; By Higher Education
sector in Great Britain 19'0 to 2000
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The University Grants Committee,
(UGC), claim that
"Engineers" are in short supply.
With the recent growth in
manufacturing, the demand for Engineers of all types has
increased, and is expected to increase by a further 20%, before
the year 2000.
However, the DES is not going to allow the
increase in Engineering graduates to exceed 10%. The problem is
compounded by data from the UGC, (1987), which shows that a third
of engineering graduates take their first employment position in
a different discipline, usually general management, or finance.
The report "Automation in Perspective", published by HMSO
in 1956, predicted that their would be future skill shortages in
the areas of Management, Science, and Technology.
It also
highlighted that their would be a change in the distribution of
labour and greater unemployment.
These predictions were
correctly forecast, but successive governments have failed to
tackle adequately the problems, as the lead times are often long.
5.2.4

The Japanese system

Since the early 1970's the growth of the Japanese nation to
the position of the number one economic power is remarkable. The
nation, decimated during the Second World War, has 120 million
inhabitants on mountainous islands with few valuable minerals or
land for excessive arable farming. So their reliance on imports
of basic commodities, such as food and fuel, has to be balanced
by the exports of manufactured goods.
Their culture and systems are not a panacea nor a complete
role model for the rest of the world. Of the companies surveyed,
none would admit to have copied Japanese methods or procedures.
However, the continued drive to reduce inventory, build a working
relationship with suppliers, introduce harmonising working
environments is a reaction to the Japanese competition.
The Japanese characteristics of respect for superiors,
loyalty, hard work, and collective responsibility is unlikely to
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be matched. Their trade unions seek to harmonise relationships
between their members and the management. In return companies
ensure life employment, and profit sharing.
On a national scale there is an emphasis on long term
planning, and obtaining market share before early profits. They
study their export markets very carefully. This is assisted by
a government that provides an infrastructure and a favourable
economic climate for growth. It openly discourages imports, and
has a Ministry for International Trade and Industry, (MITI), with
trained bureaucrats responsible for promoting and projecting
Japanese Industry.
Lee and schwendiman, (1982), describe all aspects of
Japanese
Industry
systems,
whilst Schonberger,
(1982) ,
concentrates on manufacturing operations. However, with company
products and processes being much different, the human resource
management is an area, where most lessons can be learnt. This
is clearly described by wickens, (1987), who became the Director
of Personnel at the Nissan car manufacturing plant near
Sunderland.
Wickens, (1987), claims that all workers must be treated
alike with common terms and conditions. This is one stage to
harmonising the workforce, and avoids creating the "Them and Us"
syndrome that persists in some British Industries. Flexibility
agreements, as outlined in section 5.2.1, alone can increase
flexibility in traditional industries by 50%.
The quality of product and system has been a large factor
in the success of Japanese companies, "Quality is a hard point
on which there can be no compromise" (Wickens 1987). However,
Gow, (1988), responds to the concept that every thing in Japan
is good by saying :
"The use of Quality Circles in Japan has been exaggerated
and the failure rate ignored.
Quality Circles are only
introduced as a refinement, once total quality control has
been achieved."
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Many companies in the UK, and especially the foreiqn owned
ones, are introducinq their own quality control systems. The
traditional British companies are laqqinq behind, but they will
have to follow Japanese workinq practices to compete, as it is
the philosophy that is important, and not the culture.
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Process 9hoio.

and

Positionipg

The section looks extensively at the theoretical
characteristics of manufacturing processes for the span of
possibilities from jobbing shops to continuous production. These
are then compared with the characteristics observed at ten of the
companies surveyed, resulting in a profile analysis.
Discussion is then centered around some of the
organisational changes being made on the posi tioninq of the
process machinery into a "Group Technology" layout, and into
forming groups of people into "Quality Circles". Throughout the
work, the inadequacies of company I s performance measures are
highlighted.
These are investigated further in relation to
manufacturing systems. The research then shows how the eftective
use of "Learning CUrves" and "Product Life Cycles" can assist a
company in its long term strategic decision making_
5.3.1

Manufacturing Proc",

The problem in many companies is that they have had a rigid
departmental and organisational structure, in which the different
functions of the business have been isolated from each other.
This has created barriers for effective communication between
different functions without incentive to break them down. Each
function would have its instructions, budgets, procedures and
measures of performance, and the less influence, or interaction
from external bodies, the better it was supposed to be.
This led to the situation, in the larger companies, where
the different functions may have different interests and
obj ectives to pursue _ One of the obj ectives of the present
company investigations was to try and establish the degree to
which the functions or departments communicate with each other.
Direct measurement proved difficult due to the subjective nature
of the topic.
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It was possible, in half of the companies visited, to
complete a comprehensive profile analysis for one particular
point in time.
The concept, is described in Hill, (1987),
classifies
the
different
characteristics
of
different
manufacturing processes, from project to continuous, for various
aspects of the company. Table 5.3 (1) is a simplified version of
that given by Hill, with only the two extreme characteristics
recorded. The characteristics of the ten companies studied in
greatest detail are given in Appendix XIV.
The detailed research carried out in 10 of the companies
aimed to discover
1.

ii.

if the process technology of the company matched the
theoretical characteristics of the process, and,
how compatible the different aspects of the companies were.

Products and Markets
For a typical jobbing shop there is usually a special
product, which has a large number of possible variants.
The
variants will be constantly changing and therefore require
frequent product developments. In general the company will sell
products where a competitive price is the first consideration of
the market, taking priority over quality and design.
Naturally, the marketirtg system of the company has to be
established so that it is able to identify the type of customers,
and the methods it is going to adopt to sell the company's
products or services. Companies, with batch production, should
have characteristics in between the two extreme cases mentioned
above.
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Tal?le 5. 3 ( 1)

Business Implications of Proq.ss Choiq.

Manufacturing Aspects

Characteristics of
Manufacturing Process
Project
Batch
Line

Products and Markets
Type of Product

Special

Standard

Product Ranqe

Wide

Narrow

customer Order Size

Small

Large

Level of Product Chanqe

Hiqh

Low

Rate of New Products

High

Low

What does Company Sell

Capability

Products

Market Winning criteria

Quality

Price

Order winning Criteria

Price

Quality

Process Technoloqy

General

Dedicated

Process Flexibility

High

Low

Production Volumes

Low

High

Dominant utilisation

Labour

Plant

Key Manufacturing Task

Specification

Cost

Changes in Capacity

Incremental

Stepped

organisational Control

Decentralised

Centralised

organisational Style

Entrepreneurial

Level of SpecialistSupport

Low

High

Level of Capital Investment

Low

High

Level of Inventory (WIP)

Hiqh

Low

Material Costs

Hiqh

High

Manufacturing

Infrastructure

Bureaucratic

Investment and Cost

Source:

Hill, (1987).
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Three companies could be classed as being consistent on all
eight aspects of product and market, as shown in table 5.3(1).
Two were jobbing shops and the third a batch producer.
The
remainder had some inconsistencies, for example:
i.
special products and a narrow product range,
ii. standard products and a wide product range,
iii. standard and narrow product range but with a high rate of
new product introductions.
The fact that there are so called "inconsistencies" may be
a reflection on the commercial environment, in which that company
operates. However, it is often the case that some manufacturing
aspects of the company's operations are changing quicker than
others, resulting in a time delay before the other aspects move
in line. This could explain why the most common discrepancy is
found in the Market Qualifying Criteria, (MQC), and Order Winning
criteria, (OWC), as they are the aspects that interact most
closely with the final customer.
The research shows that the companies surveyed are generally
moving away from the characteristics of line production, as they
adopt batch processes, in order to gain flexibility and improve
their competitiveness.
Manufacturing
The jobbing shops should have the most flexible process, low
production volumes, with labour being the dominant utilisation,
and with the key manufacturing task being the product
"specification". In contrast, production lines are associated
with high production volumes, low flexibility, with cost as the
key manufacturing criterion, and plant the main utilised
resource.
These represent the two extremes with the various
forms of batch production in between.

153

One obj ective of the research was to assess whether the
surveyed company's production processes,
resources,
and
capabilities were matched. Only in two of the ten companies,
studied in greater detail, was it clear that all the aspects
mentioned above were consistent.
The problems of process mismatch arise due to conflicts of
interest between business activities.
For example, marketing
departments may want to increase the product range, whilst
production often wish to take advantage of economies of scale and
reduce the number of manufacturing operations.
However, few
companies wish to have traditional dedicated production lines,
even if product volumes are high. One reason is outlined below:
It "Hard
Automation It for mass production is vulnerable to
changes in the market place."
(Ayres and Miller, 1983)

Few companies are able to dictate terms and conditions to their
customers. So the trend is to move away from totally dedicated
production,
despite the dominance of unit cost as the key
manufacturing task.
The general criteria given by Hill, (1987), outlined in
Table 5.3(1) are not applicable to all companies. Importantly
the process adopted for the manufacturing should complement the
objectives of the business and, more particularly, the
manufacturing strateqy.
Infrastructure
Hill, (1987), Skinner, (1969), and Woodward, (1965), discuss
at length the organisational infrastructure ot companies.
However, all the companies surveyed appear to tall into the same
category. They are predominantly centrally controlled and have
bureaucratic styles. The advent of computer controlled systems
has led companies with all the different processes to build a
central database, from which specific instructions are qiven
concerning each task. The aim is for employees to know what they
154

are doing first time, and to eliminate reject work. In general,
the companies believe that employees' job descriptions are less
rigid, due to flexibility, but that the actual work descriptions
are more detailed and specific.
Indeed, there are supposed to be different methods of
organisational control and style for the different methods of
production.
However, the research did not find evidence to
substantiate or deny this.
In addition, it was difficult to
obtain organisational structures of companies in sUfficient
detail to assess whether they matched the method of production.
Therefore, due to the lack of information the research is unable
to assess whether the "organisational infrastructure" is in focus
with the remainder of the company, and its production strategies.
Appendix XIV shows the type of process which exists for
various manufacturing, product and market aspects in the ten
companies where sufficient data was collected. It is clear that
companies 3, 7, 13 and 20 are in focus, as their manufacturing
profile matches the product and market profile.
They are
companies, whose main line of business has not changed, and where
their manufacturing systems have evolved to match closely all the
functions of the business.
The remaining six companies have mixed types of process for
the various manufacturing, product and market aspects.
Hill
believes this indicates that' the aspects of the company are not
in focus.
One maj or problem in conducting this analysis is
making generalisations for a company's manufacturing operations
as a whole, rather than for different production areas.
Therefore companies which have a variety of different
characteristic products, markets and production processes are
classified as being out of focus. However the aChievement of
synchronised manufacturing, as described by Mather, (1987),
encourages manufacturing operations to have different process
characteristics.
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5.3.2

Group Teohnology and Quality Ciroles
"Group Technology is a way of putting together machines and
operations to simulate assembly line techniques in batch
production."
(Ayres and Miller, 1983)

The adoption of group teohnology is is a further example of
Japanese manufacturing systems being applied in British
companies.
It is a way of increasing employee morale and
motivation by encouraging teamwork and,
simultaneously,
increasing the controllability of the manufacturing system. The
system also allows for "quality circle" groups to be implemented,
and simplifies the flow of information around the employees.
with products and their sub-assemblies becoming more
modular, and the diminishing popularity of traditional 1 ine
systems, the use of group technology has been promoted.
The
concept is to have areas designated to carry out specific
functions or operations.
However, unlike a traditional
functional layout their will be a variety of different process
machines (eg lathes, mills, drills etc) in the proportion
required to manufacture the products.
All the batch producers surveyed had some form of group
technology in operation. Often there appears to be inconsistency
in the manufacturing layout and operations, as different areas
of the larger companies will have vastly different layouts and
process technoloqies. When the system is properly implemented
and planned, it can assist in synchronising manUfacture. This
is where the production volumes of a variety of products can more
accurately match the process technologies.
The concept is
described in greater detail in section 5.4.
Quality Circles
"A "Quality Circle" is a small group of between 3 and 12
people, who do the same or similar work, voluntarily
meetinq toqether reqularly for about one hour a week in
paid time, usually under the leadership of their own
supervisor, and trained to identify, analyze and solve some
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of the problems in their work, presenting solutions to
management, and where possible, implementing solutions
themselves."
(Hutchins, 1985)
There are four phases in the development of quality circles
as a means of solving problems.
Initially, groups, commonly
between 6 and 10, will be trained to identify and solve problems
relating to their work area. Often the problems will relate to
the factors uppermost in the minds of most employees.
Phase two concerns the training in simple control
techniques, which will be adopted to monitor the improvements
that have already been made. The progression into phase three
involves the group positively making improvements, rather than
just solving problems. It is also claimed by Hutchins that no
country in western Europe has achieved phase four "Self Control".
It is easier to establish quality circle groups in areas
where there is a group technology layout, and where labour is not
intensive. The introduction of AMT throughout manufacturing will
promote smaller groups of people needing to work more closely
together as a team. When the groups are trained properly then
Robson, (1982), believes that the employees will gain the trust
of the management. It is also necessary that the group members
are truly flexible as outlined in section 5.2.1.
The importance of establishing these harmonious working
groups is that they are ideally positioned to inform management
of how manufacturing systems and communications can be improved.
They are also in a position to highlight areas tor new
technological and product innovations, and, when properly
trained, conduct the implementation of new ANT, as outlined in
chapter 4. with full cooperation, they also assist greatly in
the collection of shop floor data for analysis in a Management
Information system.
One manufacturing company visited claimed that, through the
introduction of quality circles amongst the worktorce, and
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quality assurance in the design centre, rejects at the end of
final assembly had fallen from 12% in 1982, to 0.5% in 1987. The
company's manufacturing manager said that by reducing rejects to
a point where they are insignificant, means that they (the
company) can concentrate on the positive aspects of quality.
However, he says that initially there was a feel ing of uneasiness
amongst the supervisors that quality circles would undermine
their position, an impression that was quickly dismissed.
5.3.3

PerfOrmance of Manufacturing sy.tlm'
"More important than attempting to measure monthly or
quarterly profits is measuring and reporting a variety of
non-financial indicators."
(Johnson and Kaplan, 1987)

This is because the role of short term financial performance
measures undermines the changes in technology, product life cycle
and innovations, to such an extent that they are almost
irrelevant.
Johnson and Kaplan, who are both Professors in
Management Accounting, and, Primrose and Leonard (whose work on
justifying AMT was discussed in section 4.4), believe that
greater value should be given to manufacturing performance
measures and their trends. In addition, a company wishing to
measure quality, must redefine the term as quantifiable
indicators such as scrap, rework, defects, reliability, consumer
complaints, warranty expenses and service calls.
Therefore strategic decisions have to be taken on the
variables that a company wishes to measure and analyze. They
must be quantifiable so that the indicators may be used to
compute :
1.
the variables required to justify investment appraisals,
2.
the trends in the company's manufacturing performance,
3.
whether the company's operational, business and corporate
objectives are being met.
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The performance of a manufacturing system has to be measured
and monitored consistently.
The criteria used will vary
considerably, depending on the company, and the position of the
contact within the company. However, it is important that the
performance indicators used give clear and accurate information.
The research has been unable to extract any formal statement
of obj ectives which can be measured in any way.
Too often
proposed objectives are vague and use terminology such as "to
meet customers' expectations", where no measurement can be made.
Goldratt, (1985), and the EITB believe that there should be
three global measures of performance.
These are for sales,
inventory and cost of production. Production quantities are of
limited use if the product cannot be sold.
If the correct
products are not being made or there are scheduling difficulties,
then inventory will accumulate. Finally, concerning the cost of
actually manufacturing the product, Goldratt says that the
operational "Goal" of a manufacturing system is to increase the
throughput, whilst decreasing inventory and unit operating
expense. The author agrees, but finds these statements lacking
clarity.
It is fine to have global measures of performance, but a
company also has performance measures on a smaller scale, which
are able to highlight areas of inefficiency and "bottlenecks".
Such measurements would also' be used to monitor the performance
of AMT.
In any company there must be a hierarchical structure of
performance measures representing the corporate, business and
operational levels. For each level it is critical to know the
effectiveness and efficiency of the company against its
objectives. The measures will require to monitor the utilisation
of all the company's resources, as outlined below:
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"Efficient manufacture is the optimum mix of,
(i) conversion of raw material to finished product,
(ii) utilization of capital equipment,
(iii)utilization of productive labour."
(Clews, 1985)
The same three resources of materials, labour and machinery
are identified, by Wild, (1985), as the three dominant types of
operating system resources. In many ways these can be applied
to the three hierarchical levels mentioned above. The problem,
in many cases, is that the higher up the management structure the
more important the financial considerations and measures become.
When the companies were asked for the pertormance measures,
used by their company, corporate financial measures were given,
similar to those given in Appendix VI.
The company's
profitability was the key measure, followed by sales volume and
product lead times.
It was known that companies collected a
plethora of data for middle managers and production controllers
to consume, but they were not classed as being particularly
important by production engineers.
Some production performance data was collected by the AMS
group (NEDO, 1985), to show the impact of AMT on manufacturing.
This research has analyzed the data, and concludes that :
1.
2.
3.
4.
5.

The number of employees has been reduced from between one
quarter and a half.
The number of machine tools required to carry out the same
number of operations is halved.
With fewer machine tools, the manutacturing area has been
reduced by over a quarter.
The number of days required to tender tor a job has been
reduced to a fifth.
The delivery lead time has been reduced by at least one
half.
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company 1 gave a list of the beneficial impacts, after two
years of their FMS on production performance. The list is given
below :
1.
2.
3.

4.

5.
6.
5.3.4

Lead Time on customer Order,
Work in Progress Inventory,
Component 1 Machining Time,
Component 2 Machining Time,
Inspection Time per casting,
WIP to Sales Value Ratio,

10 Months to 2 Months.
reduced by £lM.
170 Hours to 70 Hours.
286 Hours to 60 Hours.
40 Hours to 10 Hours.
50% to 30%.

Learning Curves

When progress is made in the performance of a variable on
a repetitive and predictable basis, it is considered to be as a
result of "learning".
"The learning curve describes the empirical relationship
between the performance variable and quantities of certain
outputs.
It portrays the concept that the cumUlative
average unit cost decreases systematically by a common
percentage each time the volume of production increases
geometrically"
(Belkaoui, 1986)
The first empirical observations of the learning curve
concept were taken by T. Wright in 1936. He showed that, in the
military aircraft industry, the labour requirements decreased by
20% every time output doubled. This is known as the 80% learning
factor. The theory is that people learn from experience, so that
when workers repeat a task they become more efficient at it.
Henderson, (1972), found that the learning curve phenomenon
was just as applicable to the young, high volume industries as
it was in the old, low volume ones. The experience, gained by
more by more effective operatives, improved methods, scheduling
and work organisation. However, the major cause for improvement
is "Technological" change.
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Every surveyed company's operations are affected by the log
linear learning curve, but few are aware of the information that
it provides the manager. It is a strategic tool for decision
making. There are three main areas for which it is applicable:
1.
2.
3.

Productivity.
Introduction of new machines (such as AMT).
Product operational efficiency.

The productivity curve refers to the improvement to
measures, such as labour content and cost per unit output against
the units manufactured. When the labour content is plotted on
a log scale against quantity (also on a log scale) the result is
a straight line as shown in figure 5.3(1).
If the direct labour content falls consistently then the
cost of each product falls as well. Knowledge of the learning
curve factor gives the decision maker information which allows
him to make strategic decisions concerning future target costs
and future pricing policy, which, when combined, affect the
company's relative position against its competitors.
Henderson discusses, in greater detail, the competitive
implications for profit and market share that need to be
considered.
One method of reducing' the unit cost is by adopting new
manufacturing methods and technology.
However, there is a
learning phase involved in the implementation of AMT and systems.
The conceptual "S" shaped curve as depicted in figure 5.3(2) is
a measure of how quickly the machinery operates optimally. The
y axis is a measure of efficiency, such as units manufactured per
hour.
If this value is expressed as a percentage then the
maximum will be 100% capacity. As the company gains experience
by adopting new technology, the gradient of the curve will
increase, reflecting the reduced time needed to fully implement
the system.
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Figure 5.3(1)
Log Linear cost Reduction CUrve
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The third perspective of learning curves refers to the
performance of certain product characteristics. For instance,
over a period of time, product design changes improve the
product's operational efficiency.
5.3.5

Process Technology and Product Lit. cycle

The characteristics of the Product Life Cycle, (PLC), are
outlined in detail by Wasson, (1978). This theory is taken up
by Hayes and Wheelwright, (1979), as they link the PLC with
various characteristics relating to product volume, variety of
models, industrial structure, the form of competition and the
learning curve.
The study of the characteristics, (given in table 5.3(2»,
gives an indication of the process technology required, along
wi th the other resources needed for the company's production
line. Therefore, the combination of product variety, volume, and
OWC will determine the technology to be adopted.
This would
suggest that, as the product matures, it is necessary for the
process flexibility to decrease and the productivity to increase.
If this is correlated with figure 2.2(1), then the process of
automation would begin with CNC machining, and gradually move
towards dedicated transfer lines.
The difficulty with this simplistic approach is that there
are uncertainties, many of which are outlined by Wasson. other
drawbacks on the nature of the product are given by Dhalla and
Yuseph, (1976). They cite many examples, where companies have
closely monitored and analyzed the PLC's, leading to a premature
product death. They conclude that less emphasis should be placed
on the value of PLC forecasts.
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· 'I'M 1 e 5. 3 (2)

Production Process Characteristics and the Produot Life cycle

Product Life Cycle

Launch

Unit Product Cost

High

Decreasing

Process Flexibility

High

Decreasing

Process productivity

Low

Increasing

Product Variety

Large

Decreasing

Industry structure

Many Small

Few Large

Order winning criteria

Product Features

Price

Level of Automation

Low

Increasing

Growth

Maturity

It can be seen that, for long term products, their basic
characteristics are going to change, indicating that changes in
the process technology and operational systems may be required.
Prior knowledge of this will be of strategic importance to
management in formulating their future corporate plans.
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Manufaoturing Systems
The section draws together the three resources of materials,
labour, and process machinery.
The research looked at the
invol vement of the resources in the concepts of synchronised
manufacture, flexible manufacture and focused manufacture.
Finally, the study examines whether the principles of the three
concepts are compatible with each other.
5.4.1

synohronised Manufaoturing

The concept of synchronised manufacturing is a planning and
control function, which combines the operating process and batch
quantities with the inventory and quality control systems. Each
machine and functional area, within the manufacturing plant, will
have an EBQ, which may not necessarily be the same. Indeed there
are likely to be large differences in the production speeds
between different machines.
Therefore, if all the machines are fully utilised, inventory
builds up between the machines where a slow machine succeeds a
quicker one.
This costs the company money in WIP and lost
opportuni ty in floor space.
However, this practice, where
machine utilisation is used as an objective measure of
performance, and where labour bonus incentive schemes promote
high utilisation rates, is encouraged.
The aim of synchronised manufacture is to allow the right
quantity of materials to enter the system to manufacture the
order. This is similar to the "kanban" inventory control system
outlined in section 5.1.4. If the system is extended throughout
the business system, then it will ultimately involve the qoods
suppliers and retail outlets.
The companies surveyed all have different variations, due
to their products and position held in the industry. However,
two companies claimed that they were implementinq synchronised
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manufacture, and their first task was to identify patterns in
their production.
For instance on a three model line (with
products coded A, B and C) there could be a permutation of AABCC.
Althouqh this sequence may not be the same as the order sequence,
analysis of demand patterns showed that demand for models A and
C are equal, but twice that of B. It is then claimed that the
employees familiarise themselves with the pattern, which is
consistent throuqhout the sub-assemblies and system as a whole.
5.4.2

llexible Manufacturing

Many companies are purchasinq AMT, as they believe it will
make their manufacturinq operations more flexible. However, it
is rare that the manufacturinq operations are made more flexible
under the criteria adopted by Browne, (1984).
They are
undoubtedly more machine flexible, in that they are adaptable in
makinq tool chanqes. In many instances AMT machinery is beinq
used as a replacement for several previous functions. Without
exception AMT is more complex and sophisticated, with a broader
variety of options available to it.
The problem, in many cases, is that the additional
sophistication leads to qreater reliance on the whole system to
be operational.
In addition, the impracticality of dual
purchasinq, means that "routinq" flexibility is often restricted.
Furthermore, with a qreater number of critical operations in
series rather than parallel,' there is an increasinq probability
of failure. The counter arqument is to say that the machinery
is more reliable, and therefore the whole system is available
more of the time.
The extent to which AMT can be "expanded" varies enormously.
Enqineers are more concerned with the present system than for any
future expansion plans. However, Kanaqers are also left unclear
as to future expendi tu re , which makes the planninq of, or
allowance for expansion more difficult, especially when it
requires capital expenditure, or it is likely to be superseded
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by even more sophisticated machines. Only three of the companies
surveyed had technologies which had grown incrementally over
time. The remainder were "islands", where the AMT was purchased
to do a specific task.
"Operational" flexibility is the ability to interchange the
ordering of several operations. Due to routing inflexibility,
then, once an order is being processed, it would be difficult to
stop it in preference for a later one.
The reason for many AMT installations is to manufacture at
a consistent rate for a longer time. Many implementations are
only justified on the basis of two or three shift working. This
means that the AMT is having to work for longer hours, which
would suggest that few systems have "volume" flexibility, as they
are not profitable at different production volumes. However, the
counter argument to this, is that AMT is only implemented in
those areas where volumes are high and steady.
In conclusion, most AMT is purchased for sophisticated but
dedicated tasks.
This is what is required for high volume,
single product production operations. The problem arises for
manufacturing operations, which have to serve multi-product
companies, where new launches are frequent. The tendency here
is to automate the dedicated parts, and utilise manual labour for
the flexible, chanqeable parts.
5 .... 3

Focused Manufacturing

Many companies are failing to compete because their
manufacturing operations are not focused. Skinner, (1974), Hill,
(1987), and, Hayes and Wheelwriqht, (1984), all discuss the
concepts and characteristics of having focused facilities.
"Focused manufacturing involves linking an organisation's
manufacturing facilities to the appropriate competitive
factors of its business(es), with the aim of enabling that
company to gain a greater control of its competitive
position."
(Hill, 1987)
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The companies have all witnessed major commercial changes
to their product design and product mix over the last two
decades, and have all adopted new AMT systems. The problem, in
the short term is that companies are more concerned with reducing
costs and improving efficiency and productivity, rather than
"competing".
This often arises because companies have
preconceived ideas to reduce labour costs, even when their
proportion of total costs is low (See section 5.1.5). Skinner,
(1974), identified two other changes that companies had to
undertake to restore the competi tive balance, and treat the
company as a whole system.
1.

"learning to focus each plant on a limited, concise
manageable set of products, technologies, volumes and
markets."

2.

"Learning to structure basic manufacturing policies and
supporting services, so that they focus on one expl ici t
manufacturing task instead of on many inconsistent,
conflicting, implicit tasks."

The key to focused manufacturing is tuning the whole
business system from manufacturing, design, maintenance,
marketing to procurement that all are operating in conjunction
with the overall corporate strateqy.
The evolution of an
Integrated Business Information System (IBIS), if based on sound
objectives can be a way of achieving focused manUfacturing.
"The whole economy has moved towards an area of more
advanced technologies and shorter product lives, the
concepts of production have not been readjusted to keep up
these changes. Instead productivi ty and economies of scale
have continued to be guiding objectives."
(Skinner, 1974)
The trend, observed in 'the surveyed companies, is for them
to become more focused. This is because of the general movement
where
i.
ii.

a lower proportion of the product is manufactured "InHouse" ,
greater emphasis is placed on increasing quality,
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iii.
iv.
v.
vi.

the cost attributable to direct labour is decreasing,
the cost attributable to materials is increasing,
plant layouts are becoming more functional and smaller,
there is greater control on inventory at all stages of the
manufacturing process,
vii. there is a greater intensity of support services for
manufacturing.
However, the three aspects, which are repressing the move
towards focused manufacturing, are:
i.
the diversification of product mixes,
ii. greater variety within the product range,
iii. differing manufacturing processes within
production system.

the

whole

Over a period of time the desired focus of a company
changes, due to the modification of one particular aspect. In
order for the company to remain in focus, it must make
complementary changes to all the other aspects. Such changes may
be due to:
i.
ii.
iii.
iv.
v.
vi.

customer demand for a change in product mix and range,
customer demand for a change in product volumes,
different working practices and flexibility agreements,
new process technology being implemented,
the business control' systems measurements taken and
analysis conducted,
the corporate strategy of the company.

The only way a company, once focused, can maintain its
position is by ensuring that the company I s manufacturing strategy
is formulated to meet the mission of the business.
This, in
turn, will require th~ business to work as a system which manages
its activities and resources within a commercial environment to
achieve specified objectives.
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New AMT is no longer alien to many large manufacturing
companies. Their experience and knowledge of the systems have
made the new adoptions more manageable. Furthermore, the smaller
companies, in particular, purchase what is now becoming more
proven technology. The major direct impact of ANT is to reduce
the optimum batch size, by reducing set up costs through reducing
set up times. The maj or indirect impact of AMT is to promote the
planning for the systems required for the successful adoption.
Requirements of a Focused Factory - some Conclusions
Focused factories are rare, not only because companies have
adopted incompatible strategies, but also due to constant change
to critical variables. Once a critical variable of a focused
factory changes, or is changed, then the whole system is out of
phase. Therefore, to achieve a focused factory there have to be
many trade-offs, since the time taken to change each variable is
different from the next one.
The key variable is sales volume. This, to a large extent,
determines the nature of the business methods used, and the
choice of process.
The illustration would be a true
representation for a single product company.
However, wi th
multi-product companies, a second variable is introduced, that
is the number of types of products manufactured.
From appropriate information the volume per product can be
calculated and matched against figure 2.2(1). This, too, is over
simplified because the number of sales for each product are not
equal giving a company the problem of having to manufacture
several products to different volumes and production campaigns.
Furthermore, the different types of products may have common
parts, indicating that the volumes in the sub-assemblies may be
different from the main assembly volumes. Then, when one takes
into account the fluctuations in sales volumes due to
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unpredictable demand, product life cycles, and changes to product
design, it is easily understood how companies loose "focus".
For those companies not involved in continuous methods of
production, the critical variable is batch size. This will iron
out some of the absolute volume variations highlighted. Without
exception, each company surveyed had batch production, the batch
size of which was determined by the volume of sales for each
product.
For every machine and production system there is an optimum
economic batch quantity. Hill, (1987), illustrates the type of
equipment appropriate to different volumes of production. The
type of equipment adopted will have optimum batch sizes. The
focused factory will ensure that the equipment purchased has an
optimum batch quantity, within a given tolerance, to coincide
with the batch size calculated from total volumes.
The equipment has also to be matched to the functional
layout of plant facilities. Most of the companies visited had
a functional layout, within which areas of "group technology"
were being introduced.
Those companies, with higher volume
products, would have a distinct line layout within a functional
area.
This is not necessarily out of focus, as long as the
facilities layout matches the batch size for that function, and
it is in phase with the rest of the manufacturing facilities.
The factors mentioned above illUstrate the necessity for
batch production companies to become more flexible, and thus more
responsive to the changes in the market.
However, it is
important to realise that, with more unpredictable demand,
flexibility in equipment and batch size broadens the scope for
focused manufacture. It also means that changes in capacity can
be met incrementally, although there will be a capacity limit,
beyond which a major step will have to be taken.
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snmmary
The chapter has studied the detailed implications for the
manufacturing resources and operations, as a result of companies
adopting AMT. This began with an investigation into the trends
that have taken place in manufacturing companies, especially over
the last five years.
It has been shown how there have been
significant changes to the proportion of products manufactured
"in-house", the quality of products manufactured, and the
inventory control system. The combination of all the changes
have resulted in the material cost becoming a greater proportion
of the total than direct labour.
The chapter then studied the changes that have taken place
in the management of labour required for AMT. This included an
insight into the modern "flexibility agreements". The importance
of training and education were also discussed along with the
supply and demand of university graduates.
The third maj or resource,
process machinery,
was
investigated and the effects that ANT has had on characteristics
of manufacturing processes. These were compared with the process
profiles of ten of the companies surveyed, which highlight some
inconsistencies. The research also looked into the trends in
"group technology", facilities layout, "quality circles",
performance measures, learning curves, and product life cycles.
Finally, the chapter took an overview of the implications
on the changes to the manufacturing resources and operations, as
a result of implementing AMT.
Discussion into synchronised,
flexible, and focused manufacture revealed the individuality of
every company's production systems.

173

R,f,renc,s

Chapt,r 5
Abernathy,

Anon.

W.J. and Towns end , P.L.
(1975), "Technology
Productivity, and Process", Technological Forecasting
and Social Change, Vol 7, No 4.

(1956), "Automation in Perspective", HMSO.

Ayres, R.U. and Miller, S.M. (1983), "Robotics, Applications and
Social Implications", Ballinger.
Bestwick, P. and Lockyer, K.
(1982), "Quantitative Production
Management", Pitman.
Belkaoui,
Browne,

A.
(1986), "The Learning CUrve Accounting Tool", Quorum.

A Management

etal.
(1984),
"Classification of Flexible
Manufacturing Systems", FMS Magazine, April 1984.

J.

Clews, G. and Leonard, R. (1985), "Technology and
Production", Philip Allan Publishers.
DES.

(1988), "First Degree Graduate Numbers, 1980 - 2000 in
Great Britain, Department of Education and Science.

Dha11a, N. K. and Yuseph, S.
(1976), "Forget the Product Life
Cycle", Harvard Business Review, January 1976.
Economist.

(1988c), "Training - Try Again", 24 September
1986, Economist Newspapers.

Fido, A.

(1988), "Quality Assurance", Further Education Unit/
Professional, Industrial and Commercial Updating.
(FEU/PICKUP), Blackmore Press.

Gavin, D.A. (1987), "Competing on the 8 Dimensions of
Quality", Harvard Business Review, November 1987,
pp101-109.
Goldratt, E.M.
(1985), "The Goal - Beating the Competition",
Creative output.
GOw,

I.

(1986), "Raiders, Invades or Simply Good Traders",
Accounting, March 1986.

Hayes, R.H. and Wheelwright, S.C. (1979), "Link Manufacturing
Process and Product Life Cycles", Harvard Business
Review, January 1979, pp130-140.
Hayes, R.H. and Wheelwright, S.C. (1984), "Restoring Our
Competitive Edge - Competing through Manufacturing",
Wiley.

174

Henderson, B. D.
(1972), "Perspectives on Experience", Boston
Consulting Group.
Hill, T.

(1987), "Manufacturing strategy", Open University,
Macmillian.

Hutchins, M.

(1985), "Quality Circles Handbook", Pitman.

Johnson, H.T. and Kaplan, R.S.
(1987), "Relevance Lost - The
Rise and Fall of Management Accounting", Harvard
Business Review.
Lee, S.M. and Schwendiman, G.
Systems",Praeger.
Mather, H.
Nakane, J.
NEDO.

(1982), "Management by Japanese

(1987), "Logistics in Manufacturing", IMechE.
(1982), "Japanese Production Systems", Chapter 8,
of Lee and Schwendiman, (1982).

(1985), "Advanced Manufacturing Technology - The Impact
of New Technology on Engineering Batch Production",
AMS Group, HMSO.

Robson, D. (1982), "Quality Circles - A Practical Guide",
Gower.
Schonberger, R.J, (1982), "Japanese Manufacturing
Techniques - Nine Hidden Lessons in Simplicity", Free
Press.
Skinner, W. (1969), "Manufacturing Strategy - The Missing
Link in corporate strategy", Harvard Business Review,
May 1969.
Skinner, W. (1974), "The Focused Factory", Harvard Business
Review, May 1974.
UGC.

(1987) ,
Volume 1 "University statistics students and
staff", and Voluma 2 "First Destination of University
Graduates", Universities statistical Records Office.

Wasson, C.R. (1978), "Dynamic Competitive Strategy and Product
Life cycles", Austin Press.
Wickens, P. (1988), "Road to Nissan", Macmillian
Wild, R.

(1985), "Essentials of Production and operations
Management, HRW.

Woodward, J.
(1965), "Industrial Organisation: Theoretical
Practice", Oxford University Press.

175

CHAPTBR 6

INTBGRATING BUSINlSS ACTIVITIBS

Chapter 6
Integrating Business Aotivities
~

Introduotion

The strength of a company is determined by the cohesiveness
and compatibility of the overall business system. Manufacturing
is not the only activity that is affected by the implementation
of AMT. This chapter investigates five other activities of a
commercial business, and assesses how they are affected by new
technologies, and how well the companies operate as an integrated
system. The systems activities are Product Design, Procurement,
Sales & Marketing, Maintenance and Management Information
Systems.
These five non-manufacturing activities were highlighted at
the beginning of the research as having a bearing on the success
of any automation. Consequently, some of the questions asked
focussed on the surveyed companies' strategies towards each of
the activities and how they had been affected by AMT.
The
sections on maintenance and product design were also supported
by questionnaire surveys to a broader sample of UK engineering
industry.
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~

Design and computer Aided Engipeering

Product design is a key factor in the success of a company.
However, too often the design functions have been isolated from
production and engineering.
To fully utilise ANT the three
activities have to collaborate and communicate to provide an
optimal solution.
It is essential for Designers to know the
capabilities of the manufacturing facilities so that they are
able to "design for manufacture".
Initially,
the
section
looks
at
two
different
interpretations of "design", and how CAD, CAE and CAM has
assisted the process of product design. This is followed by two
case studies into the justification of CAE and CAD systems, and
discussion on the importance of linking the design activity with
AMT.
1,1.1

Different InterpretatiOnS of "Design"

There appear to be different opinions on the meaning of
"design", and consequently it was a natural question to ask of
design engineers. The OED defines "design" as
"a preliminary plan for future building", and a designer or
draughtsman as "someone who makes plans for manufacturers"
From the 50 responses, no two answers to the open question
were the same, making analysis and deductions difficult.
It
seems that design may be split into two categories.
One
envisages design as a final product whilst the others see it as
a process. Those who believed that design is the actual drawing
are closer to the dictionary definition, which defines it as a
"plan" from which something will be made.
The design, as a set of drawings, is a restricted and closed
view of a process, where designers, in collaboration wi th
engineers, are responsible for the development of new ideas and
concepts and making them into a workable solution. The output
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of the design process is an actual plan that should meet all the
specifications and constraints imposed.
It will also contain
scheme drawings with all the necessary dimensions and
calculations.
The design process itself should continue by
taking the actual plan through pre-production prototype, testing
and development, to monitoring the final product.
This is
because modifications may have to be made to the original design.
However, the systematic process should be cyclical, as the
product in full production, when properly assessed, will yield
new concepts which provide a .. feedback loop" into creative design
modifications.
Whatever interpretation is used it will be necessary for a
design to have, or involve the need to :
i.
ii.
iii.
iv.

recognise a customer or market need,
conform to predetermined functional specifications,
synthesise experience, ideas and manufacturing technology,
evaluate all possible scenarios to achieve the objective,
which is usually to develop a working product that produces
the most cost effective solution.

The end product of a design process is both a product and
production design. In the past it was usually up to the design
and product engineers to decide on the optimum method of
producing the design. However, sophisticated CAD/CAE systems now
allow the two functions to be carried out simultaneously. This
naturally means that engineers are being forced to work along
side draughtsmen at computer terminals, and that the design
process itself is becoming more dynamic and interactive.
'.1.2

Computer Ai4e4 De.iqp aDd IDqiDeerinq

When CAD was initially marketed, in 1968, the machines
required the use of mainframe computers.
In the 1980's CAD
systems can be based on personal computers, due to the growth and
development of microcomputers. Indeed the personal computer is
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credited with much of the recent growth, and will account for 90%
of the market by 1990 (Design Graphics World, 1985).
The most common reasons for introducing CAD appear to be:
"i.

improved productivity of desiqners and draughtsmen,

ii.

shortening the lead time from order to delivery, or from
conception to production,

iii. performing work which is too complex for manual design and
drawing."
(Edquist and Jacobsson, 1988)
Some companies, especially in the electronics and aerospace
industries, find that CAD is necessary to deal with the required
detail and accuracy. Other large engineering industries use CAD
to shorten lead times and improve product design. Indeed, to
some companies, the cost of using CAD is insignificant in
relation to the total production cost (Giertz, 1983).
The introduction and development of CAD has parallelled that
of CNC machining centres.
Arnold and Senker, (1982), who
researched the OK automotive and aerospace industries in 1982,
"identified little activity to date" in linking CAD and CAM, and
believe that " ••• the process of developing CADCAM applications
on a wide scale may take quite a long time."
This research has
also shown that this is still the case.
In total, 70% of the questionnaire respondents belonged to
companies who had CAD facilities, and every company surveyed had
systems, often with many work stations. The figure may have been
even higher, if those respondents, who were in certain service
industries and non-engineering industries, were eliminated.
Indeed nearly 17% of the companies had over 10 work stations.
The mean figure of 13.9 is high due to two very large users of
CAD. However the median number of two reflects a more realistic
situation in which the smaller companies are gradually
introducing themselves to CAD.
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CAD is capable of giving more than simple geometrical
information, as data can also be obtained on the characteristics
and properties of the materials in use. It can also be used to
optimise factory layouts. On average each company, who has CAD,
carries out over 2.8 different functions on them. Therefore many
data banks are needed to build up the CAD system, which in itself
is a simple integrated computer system.
The integration of CAD with other areas of a company, such
as manufacturing, is more limited.
OVer two thirds of the
companies, in the questionnaire and those surveyed, had isolated
CAD systems. Of those who did have links, very few had direct
links involving no human interface or physical tapes.
This
illustrates that the CADCAM vision suggested by Arnold and
Senker, (1982), is still in the future for most companies.
Furthermore, with 70.8% of respondents indicating that they
believe CAD is a prerequisite to AMT, then the integration of
CADCAM can only take place when the CAD system has been properly
implemented, understood and operated.

Ca,. study - computer Aid.d De,ign and Ingin•• ring
One of the companies surveyed knew that they would have to
implement some form of CAD/CAE system. Their two main reasons
were : an antiquated drawing office with its inefficiencies
becoming a burden on the company, and the visible attributes of
systems seen in' other manufacturing plants. The company was able
to obtain finance for an independent consultant to carry out a
feasibility study. The report, which was concluded in November
1980, gave the following recommendations.
1.

2.

The most feasible type of CAB equipment for your business
is the turnkey minicomputer type of system which would
increase substantially the engineering productivity.
senior management should make a policy decision to acquire
a CAE system and give the project whole hearted support.
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3.
4.
5.
6.
7.

A working party should be set up with firm terms of
reference and a timescale for reporting.
A drawing coding system should be developed.
The proposals of the working party should be accepted.
The
drawing
offices
should
be
reorganised where
appropriate.
Install the system.

The report only confirmed what the company knew was
inevitable. Table 6.4(1) gives a brief outline of the costs and
benefits of the proposed "turnkey" system.

Tabl.

f.l(l)

Inyestment ARpraiaal Mod.l for a CII Syat. .
(£OOOIS)

Initial costs
Three graphic work stations and a plotter.
Installation
Development and Training

200
10
10
220

Annual Costs
supervision
Power
Consumables
Maintenance

10
8
4
24

46
Annual Quantifiable Benefits
overtime in the drawing office
Reduction in Draughtsmen Employed
Savings due to fewer drawings

28

90
11
129

The six year investment appraisal analysis is carried out
in Appendix XVII, and only includes the costs and quantifiable
benefits outlined above. The feasibility study calculated that
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the accountinq payback period would be two years. However, this
study calculates, that on the data qiven, the payback period is
over three years, with an IRR of 27.4%, and a NPV of £79,480 at
1980's value of money. The consultant's study did not take into
account the time value of money, and failed to allow for nonoptimum use of the facilities at the beqinninq, due to learninq
and traininq, which the report claimed would happen.
The consultants believed that the long term unquantifiable
benefits, (listed below), would outweigh the quantifiable
benefits.
1.
2.

l.

4.

S.

6.

7.

8.

Without such a system the company would not remain
competitive in the industry.
Estimated productivity qains for the three main enqineerinq
functions would improve (turbine and mechanical by a ratio
of 5 : 1 and electrical by 8 : 1).
CAE will reduce the lead time and produce an improved
quality of drawinq when tenderinq for a contract, since the
present quality is dependent upon the time that is
available.
Once contracts have been won, the company will be able to
process desiqn and drauqhtinq content with fewer men and in
less time.
The market standinq and esteem of the company will be
increased by improved quality tenders, technical excellence
and demonstrate a forward lookinq approach.
The quality of the drawinqs throuqh accuracy I detail and
consistency will improve and be produced to the desired
scale.
Properly constructed desiqn database will eliminate the
need for redrawinq that which cannot be found, and also
allow for quick retrieval of drawinqs.
The system will make it easier for the company to introduce
strateqies reqardinq the standardisation ot parts, and
consistent units of measurement.
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The factors mentioned above all relate to benefits
attributable to the design and engineering departments alone.
Although this is often the initial intention for most companies,
it should not be seen as an "island of computerisation" in the
long term. Further productivity gains can be obtained by using
the CAD/CAE system to generate computer code, Which can be
transferred directly to CNC machine code through a graphics
terminal.
Top management approved the report and set up a working
party, which included representatives from senior management, all
the engineering functions and the trade unions.
The easiest
decision was choosing the system, because they chose the system
that was identical to the system used by their licensing company
in America. This would ensure that the two systems would be
compatible, and that communication between the two companies
would be made easier. Work could be conveyed directly through
existing telecommunication networks, or by disk, and would reduce
the quantity of paper work.
The working party, having visited the licensor, were
satisfied with the system, and the suppliers were willing to
offer generous discounts, as they were wishing to establish a
European base in the OK.
The more contentious issues for the working party involved
working and operational practices, the position of the graphics
terminals and the layout of the drawing offices, which Were
described as being "poor".
It was finally agreed that there
should be a separate air conditioned room, with subdued lighting,
for the system.
The major logistical problem was that the company had just
three terminals for 75 designers.
The trade unions insisted
that, for their cooperation, all the designers had to be trained
to use the system, and receive additional payment for their
skills. The compromise situation was that all the appropriate
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designers would be trained and those that passed a test would
receive the additional payment for their skills. In addition,
the company introduced a three shift operation to utilise the
terminals, but this was unpopular and had to be reduced to a
double day shift.
The research has also obtained a cost justification for a
second CAD system. A copy of the investment appraisal is shown
in Appendix XVIII. It, too, did not take into account the time
value of money, but included different justification criteria,
outlined below :
1.

Savings in travel and communication form the company's
various sites in the UK.

2.

The reduction in circulation of drawings and material
lists.

3.

Moldflow, stress and temperature analysis.

4.

Additional profit from products produced on time.

5.

Additional profit from additional work created as a result
of having CAD.

The inclusion of allowances for the generation of additional
future profit made the project appear most attractive, with an
IRR of nearly 75% and a NPV over £1.2M for a six year time
period. This confirms the desirability of much fuller accounting
assessments in innovative situations.
1.1.3

Design of Itv Products

One of the questions in the design questionnaire asked the
respondents to rank their company's products against seven design
features. The results are shown in Table 6. 3 ( 4). This shows that
the company designers' primary interest is in designing a quality
product, which will be of practical use to the customer. It is
interesting to note that a greater proportion of those companies,
who had some AMT, ranked quality first in priority. However
there is insufficient evidence (at the 5% significance level,
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chi-square test), to reject the null hypothesis that the adoption
of AMT did not affect the importance of product quality.
Therefore, it appears that those companies, who have adopted
AMT (for which all have CAD), appreciate and acknowledqe the
additional quality such technoloqy qives. It also illustrates
the nature of international competition, in which quality and
functional value are the market qualifyinq criteria, whilst cost
is one of the order winninq criteria.
Those companies, who have achieved the market qualifyinq
criteria, then look towards winninq orders. One of the methods
now beinq used is the concept of "desiqninq for manufacture",
which aims to simplify the manufacturinq of the product, and
utilise more cost effective materials. The effect is to reduce
operatinq costs, with the more advanced companies implementinq
desiqn for manufacture techniques prior to the introduction of
new products. In many companies this is not feasible and a more
qradualistic approach is required.
In relation to the above points, it is understandable why
appearance, and oriqinal or novel features are ranked as least
important.
They are simply not a top priority for most UK
enqineerinq products at this time.
Most companies require to desiqn new products.
The
questionnaire asked respondents for the reasons why their company
designed new products. Since there may be more than one reason
the question asked for the rank of six different factors on a
scale from 1 to 5 (1- Very important, 5- Not Important). The
results are shown in Table 6.1(2).
Companies' main reason for desiqninq new products is to open
up new markets. This is achieved in several ways, of which the
most popular is to diversify the product ranqe.
Companies
qenerally advance their product ranqes when there is some new
scientific or technoloqical development. Indeed, those companies
185

directly involved
developments.

will

have

to

take

advantage

of

the

It is noticeable that companies prefer to diversify, in
preference to focusing on developing existing product ranges,
through the use of more cost effective materials or production
methods and replacing existing products. Companies rarely wish
to specialise within a restricted product range.
The effective use of CAD and AMT enables modifications of
the product ranges to be made easily and quickly.
The
flexibility of equipment allows companies to diversify product
ranges, whilst retaining their existing products.
attempt was made to establish which group ot people were
the inspiration behind new products, and which group of people
actually decided on whether development should take place.
Tables 6.1(3) and 6.1(4) display the respective responses on the
project initiators and innovators.
An

TIbI.

6.1(2)

Re.soDS tor Designing Ney Product.
Rank

Reason for New Product Design

Mean Score

Developments in Science and Technology

2.2

Diversification in Product Range

2.5

2 -

Use More Cost Effective Materials

2.5

2

Use More Cost Effective Production Method

2.5

Replacement of Existing Products

2.7

More Specialisation

3.4

1

2

5
6

-

The results from the tables show that the two most important
sources for new product designs are the designers themselves, and
the customer. These are the two groups of people who know most
about the product, and who are using it. Together they should
be in the position of deciding what needs to be developed.
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However, the authority for developing such products comes
from the higher management or director level. The spread, within
the table, probably shows how different company structures are,
with different procedures resulting in critical decisions being
made by different people at different levels.
Table 6.1(5) displays the responses to a question aimed to
ascertain which group of people have greatest influence on the
company's product design. This clearly shows the importance that
companies place on the customers. It is a little surprising that
companies do not give more prominence in the design team to
manufacturing, where staff are usually in the best position to
decide on how existing products could be better manufactured to
meet these customer requirements.
The research also tried to establish the reasons why new
products are designed, and the people responsible for their
ini tiation and development.
The answers to these questions
reflected the strategies and organisational system within the
company, and are not directly influenced by the level of
automation adopted. However there are going to be constraints
and restrictions placed on designers. These are shown in Table
6.1(6) •
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Tabl. 6.1 (3)

Source of Ideas for Hew Product Design
Rank

Source of New Ideas

Mean Score

1

Product Designers

2.5

2

customers

2.8

3

Management

3.1

4

Sales Personnel

3.2

5

Other Employees

4.5

6

Other Consultants

4.7

Table 6.1(4)

Authorilation for the Development of Hey D.signs
Rank

Level of Authority Needed

Frequency

Percent

1

General Management

20

23.9

2

Director / Board Level

16

27.1

3 ,.

Marketing / Sales

8

13.6

Others (eq R&D)

8

13.6

Product / Project Manaqement

7

11.9

3

,.

5

TAbI. '.1(5)
P.opl. lost Influ.ntial in Instigating
Rank

Most Influential Factor

P~o4uct

Frequency

D.siqp

Percent

1

customers

36

73.5

2

Management

8

16.3

3

Manufacturing

5

10.2
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!'abl. 6.1(6)

Constraints aDd Restrictions Placed on the Designer
Rank

-

Constraint or Restriction

Mean Score

Product cost

2.3

Market Need

2.3

Manufacturing Capability

3.1

3 -

Management Specifications

3.1

5

Traditional Practices and Methods

3.7

1
1

3

-

There are three distinct sections within this table.
Firstly there is the internal belief that traditional design
practices and procedures are no longer a major constraint. The
advent of CAD systems has resulted in much more flexibility
within a desiqn department.
The two maj or constraints are : meeting the market need, and
wi th a product at the designated cost. This response is not
surprising, as this is critical to the survival of a business.
However, the product can only be manufactured at the right cost
if the company has the manufacturing capability and has been
given carefully prepared quidelines and specifications for
product development.
These factors are all constraints to a designer. However,
it is claimed that the opportunities for creative desiqn have
increased.
This is probably due to the fact that companies
selling consumable products to a market gives their designers
more scope, within specified quidelines, to attract potential
customers.

189

f.l ••

Design Por Manufacture

One of the open questions on the questionnaire tried to
solicit how design departments made themselves more responsive
to the changing commercial environment, in which they were
operating. Many of the respondents outlined the changes that
were taking place within their company and industry.
It is
indeed important to identify the changes and trends, which are
taking place, before formulating plans and strategies to deal
with them. The most common response was that the industry was
becoming more competitive and customers more cost conscious. In
some industries the companies are having to respond to changes
in legislation, like on safety, product and defect liability and
British standards.
The methods of achieving greater competition, or responding
to the changes, were primarily improved communication with, and
better awareness of :
1.
2.
3.
4.

the customer to ascertain the market needs (this may be
channelled through salesmen and / or marketeers),
production with the aim of simplifying manufacture and
eliminating unnecessaryly expensive facilities,
goods suppliers to ensure quality is maintained, and
other areas of the organisation and particularly
Engineering Directors and Chairmen to ensure design
departments were given sufficient attention.

In addition design departments have to become more aware of :
1.
2.
3.

competitors products so as to appreciate the standards that
had to be achieved,
new materials, production techniques and technology so they
are able to produce designs appropriately, and
the need to have better communication with all the affected
departments.
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The idea that design departments could become more
responsive, by adopting CAD to produce more accurate drawings
more quickly, and by better appreciation of what can be produced
on a drawing board, was only mentioned by two respondents.
Furthermore, no respondent mentioned that "designing tor
manufacture" or conducting "value analysis" would allow the
design department to become more responsive to change. However,
these technical terms may be hidden behind the screen ot improved
communication and awareness.
To conduct value analysis (Value engineering tor the
development of new products), a company has to establish a team
with representatives from design, procurement, production,
engineering, marketing and finance. See fiqure 6.1.
liqure f.l
Actiyity Member, in a Value Apaly,i. Z...

I Engineering
I

Design

J

I

Value
Analysis
Team

I Marketing I

l Procurement 1

I
I Production

I

I Finance I
The team has to evaluate everything about the product to
determine the most cost effective solution.
Wild, (1984),
describes the process as :
"an organised and systematic effort to provide the required
function at the lowest cost consistent with specified
performance and reliability".
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Wi th the change to the cost structure of many products, (see
section 5.1.5), the emphasis is moving away from reducing direct
labour and directed more towards materials and overheads.
Material sciences are becoming a critical part of future product
strategies, as new materials and improved use of existing ones
such as plastic, metal and ceramics make products more cost
effective.
The accuracy and consistency of AMT allows for tighter
tolerances and less scrap to minimise material usage. This, to
many companies, is an unquantifiable benefit of AMT. However,
to attain better results from AMT, changes in the design will
almost certainly be necessary.
This process is known as
"designing for manufacture" and is spearheading companies' drive
for further cost effectiveness and improved competitiveness.
One further consideration to be made is with regard to the
European directive on "Product Liability" and the Consumer
Protection Act 1987. Together, they make manufacturers strictly
liable for the products they produce, which cause harm to
consumers. This emphasises the need for a well designed product,
which is accurately manufactured to specification.
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~

Procurement and

ANT

"The big three American car manufacturers have realised the
importance of having a close relationship with their
suppliers.
Despite being leaders in their country they
have been forced into action by the success of the Japanese
car manufacturers in imposing their systems in every
country in which they manufacture."
(Economist, 1989)
Building long lasting relationships means a move away from
having to have multiple suppliers for each component. There has
to be trust and unity, so that component suppliers and
manufacturers work together in developing a better strategy ,
where the synergy acts to give the final product a competitive
advantage.
6.2.1

Th. Iyolution of Company and supplier partnership.

Prior to 1970, the component suppliers were considered
totally independent of their customers creating a divisive and
hostile relationship.
Battles would constantly be fought on
cost, quality and delivery.
The result was to encourage
manufacturers to produce as much as possible 11 in-house", and
build a network of component suppliers for each part to be
purchased. This was a strategic attempt, by the larger company,
to pressurise the smaller sub-contractor to manufacture a more
competitively priced product.
The British trading systems had many problems creatinq
inconsistency of component parts, as a broad ranqe of suppliers
were unable to produce parts to the same tolerances.
consequently, when these parts filtered to the production line
some components would fit well, and others less so. Furthermore
the low component price reduced supplier's profit margins, and
restricted their ability to reinvest, creating a vicious circle
of diminishing quality. The circle was only broken when the
quantity of trade was threatened by overseas competitors to the
larger companies.
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The emergence of the Japanese nation, and particularly their
industrial practices, has promoted the building of relationships
between manufacturers and the goods supplier.
Some of the sample companies surveyed have reduced the
number of component suppliers. Even though they may be fewer in
number, due to merger or closure, there has been a distinct
movement, since the 1970's, in strategy towards single source
suppliers. In the other cases, the increase in the number of
components supplied to a company is because the product being
manufactured is more sophisticated and complex. This results in
addi tional features requiring more components, such as electronic
or computerised components.
The advantages of single source supply are numerous.
Initially, it allows the two companies to build a partnership,
so that personnel representing the different companies can
communicate and collaborate. It also means that if the supplier
is able to manufacture the product to the right quality, and
deliver it to the agreed schedule, then he will be guaranteed the
business.
When consumers purchase a product they expect it to be good
and work first time.
Therefore, with consumer expectations
consistently rising it is vital that minimal numbers of rejects
pass through the system. Thus, the goods suppl ier are being made
responsible for the quality of the products they make. They are
also responsible for ensuring that the correct quantity is
delivered on time.
The important factor is that the final
product is not manufactured by the assembling company, but by a
whole chain of companies, working as a team.
Making the goods supplier responsible for the products they
manufacture prevents the need for duplication of quality control
inspections.
However, the goods receiving company often had
random quality checks on suppliers to ensure the quality
specifications are being maintained. With fewer goods suppliers,
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any faults that occur can easily be traced to the defective part
and then to the supplier, or the production operation.
Penal ty clauses in the contracts for rej ect parts means that
it is essential for the quality of every component to be
consistent. If any problems persist then it is in the interests
of both parties to work to a satisfactory solution. On the whole
the process makes the goods suppliers more accountable tor the
work that they produce, and assists in building a partnership.
companies do not like to hold excess quantities of inventory
because it is unproductive working capital, and takes up space,
which could be used for other functions.
Therefore, with
increased inventory turnover and space, there is less need to
hold stock. Pressure is put on the goods supplier to hold the
stock, in the knowledge that it will be released sometime, or to
have a production system that is able to manufacture the
component sufficiently quickly that it, too, can minimise the
finished goods inventory. This is the extension of the JIT stock
control system and philosophy, (discussed in section 5. 1. 4), from
the main manufacturer to the goods suppliers.
The link with AMT is an extension to section 5.1.3, on the
quality of products manufactured. Often AMT will only accept
consistent parts, which may require special design features.
These can only be achieved if there is a harmonious relationship
between the manufacturer ana the goods supplier.
1,2.2

Briti,h stapdard 5750

The other major change during the last decade is company's
awareness, knowledge and implementation of the British Standard
5750, titled "Quality systems".
This standard is "a basis for
evaluating the capab.ility of a supplier's quality management
system ••• to provide assurance to interested parties".
The
standard is divided into three basic parts, which represent the
levels of the system for the assurance of quality of material.
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A similar European Standard is being directed as part of the
negotiations between the twelve member states, in preparation tor
the 1992 "Single European Act".
The standard makes the supplier responsible for the design,
development, manufacture and installation ot a product so that
it meets the specified technical requirements.
It is also
responsible for carrying out appropriate inspection and testing
of the product.
The advantage to a company, whose suppliers operate SS 5750,
is that the company can check that the supplier is operating a
specified quality management system, and is conforming to it.
It has become so widespread that many companies are now inSisting
that their suppliers operate SS 5750, which will form part of any
business contract. This is further evidence that companies are
reacting to quality issues and putting additional pressure on
goods suppliers, by making them more accountable for the
components they produce.
',2,3

communication Betyeen the Company and the Suppli.r

For the whole system to operate well, all the companies,
from the initial component suppliers through to the retail
outlets, have to function effectively.
This requires a high
level of understanding and communication between the different
links in the chain.
In some cases, the major company in the
chain may take a lead, set the example, and assist their
suppliers to implement ANT and associated systems.
Assistance could come in various forms.
Initially,
companies may wish for their personnel to have an understanding
of each others operating systems, so that they may appreciate the
difficulties and problems to be overcome. The process is helpful
in agreeing deadlines and quantities, and in establishing "points
of contact" within the company, where problems can be discussed,
perhaps in the modification of a component for a new product.
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The partnership could be extended further by sharing and
collaborating on new investments in AMT, CAD and computerisation
in general. This would be a transfer of "experience" to improve
the system as a whole. One company visited has asked all its
suppliers to purchase the same CAD system, so that drawings could
be passed quickly without the delay and inconvenience of
obtaining and posting printouts.
One other company has gone a stage further than this. Its
suppliers (and retail outlets) have compatible computing systems,
but it has also introduced its computer integrated business
system, so that its sales men and retail outlets can record
actual sales using British Telecom's Electronic Data Interchange
(EDI) system, "TRADANET". Thus it can automatically inform not
only the main manufacturer that a sale has taken place, but also
their suppliers. With the JIT concept in operation, the supplier
knows that, (unless otherwise instructed), the company will
require one further component.
The research has observed that companies often make detailed
plans for the actual installation of AMT. However, they rarely
pay sufficient attention to the business as a whole. For AMT,
and all the production equipment to perform optimally, there has
to be a change to the traditional perceptions and attitudes on
inter-business relationships. This section highlights the need
for consistent components, not only for AMT to operate more
efficiently, but also in assisting the company to meet its
objectives.
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Impact of ANT on Marketipg

The section discusses how some marketing departments have
been able to use the attributes of ANT to promote the sales of
their products. In most companies ANT is used to manufacture a
product (or give a service), which is more marketable to
potential customers.
The product life cycles, (PLC), are then analyzed to see how
the intelligence attained can be used by manufacturing
departments, when deciding on the most appropriate form of
process technology.
In addi tion, the need for close
communication between marketing, manufacturing and design are
highlighted, as they all need to work towards common goals.
6.3.1

Marketing ADd ANT

Some companies have actually used ANT to promote the sales
of their products, (one of the first being the television
advertisement for Fiat cars, in the early 1980's).
In th.se
instances the corporate image they wished to portray was
complemented by the esteem value of ANT.
Companies, whose
products require vigorous testing, and where consistency and
reliability are order winning criteria, are also in this
cateqory.
For the majority of companies, AMT is not used as a direct
selling function.
However, potential customers can only be
impressed if they visit a manufacturinq plant that appears to be
well managed and organised with sound investment in ANT. This
once again indicates that ANT alone is of limited use, but, when
included as a package of measures, it becomes highly effective.
When customers purchase a product, the precise details of
how it is manufactured is not usually of direct concern.
However, companies naturally use the advantages qiven to them by
ANT to promote their product.
Such advantages are in quality,
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(via user guarantees), batch size, shorter delivery times and
lower cost. The actual size of the benefits to be gained will
depend on the success of the implementation.
Even though few companies use AMT as part of their marketing
strategy directly, a greater proportion use its attributes to
promote their products. Half the companies surveyed have adopted
AMT for the simple replacement of existing manufacturing
machines.
The other half have implemented AMT in a specific
attempt to broaden market diversification, and increase
production.
The research observed that the marketing departments had
little direct input into the selection of any new technology.
However, those companies, who had established "steering"
committees, usually had a marketing representative, responsible
for providing vital information on sales, product life cycles,
future sales forecasts and of proposed new product ranges. These
factors emphasise the vi tal role to be played by marketing
personnel, in ensuring the most appropriate equipment is
purchased for the forecasted product ranges and volumes.
It appears that only those companies, who manufacture large
volumes of standard products, have been able to utilise ANT to
their advantage when entering new markets and increasing volumes.
The remainder have generally used AMT as an internal tool to
reduce costs. However, those companies whose competitors are
from overseas or who need to export, have additional problems
with the relative prices of products, due to currency
fluctuations.
f.3.2

Product Trlnd.

and

Product Lif. Cycl ••

Irrespective of the volume of manufacture and of forecastad
future sales, all the sample companies are broadening their
product ranges. This is mainly aChieved by increasing the number
of variants possible on a fixed set of basic products, .s
199

observed when purchasing products such as motor vehicles and
tractors. Mather, (1985), described this as the "funnel effect",
since many of the variants were added late in the production
process, and usually in final assembly. Those companies, who
were broadening their product range, were seeking to expand their
businesses.
Due to the consumer demand for greater variation in product,
the product life cycles have, in general, been declining. This
has been made possible by the more responsive manufacturing
methods, such as AMT, which allow changes to be made more easily,
and reduce product lead times at minimal cost. Furthermore, the
shortening lead times in developing new technologies also add to
an increase in the rate of change of new product introductions.
In seven out of the 20 companies surveyed, AMT could be
highlighted as being a contributory factor in the development of
new products.
In contrast, the "life span" of the products manufactured
have lengthened. This is due to the combined effect of improved
design, use of materials and manufacturing techniques. section
5. 1. 3 described how new manufacturing systems and AMT have
increased the quality, consistency and reliability of product and
consequently lengthening their life.
Most products exhibit a similar pattern when their profit
and volume histories are plotted. Initial high costs and low
volumes reflect development and launch costs along with
production inexperience. Then, in time, volumes increase, unit
costs fall and profit margins rise. Once competition has been
established, prices and profit margins are lowered to maintain
sales. In addition, as volumes begin to fall, overheads have to
be spread over a smaller range. This was illustrated in figure
4.4.

Every company's sales and marketing departments monitor the
product life cycles. They also try and forecast future 8ales
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volumes.
This is naturally complicated by any predictable
seasonal and cyclical variations, and by unexpected variations.
Thus any forecasting model, predicting future demand, has to have
a range of values or possibilities to account for variability and
uncertainty.
The major problem, within companies, is the communication
of this intelligence and information to other functions of the
business.
Production engineers and controllers persistently
complain about the inaccuracy of short and long term production
forecasts. This, naturally, makes the planning and selection of
new AMT more difficult.
It is therefore critical to forecast accurately future
demand changes, so that production may change its operations to
match the forecast. Optimistic predictions, plus a contingency,
leads to poor, inadequate forecasting and over compensation by
production for process facilities. Work by Freeman, (1982), and
Ouijn, (1983), show that product life cycles can have four
scenarios as shown in figure 6.3 (1). These are i. Abolition, ii.
Substitution, iii. Extension of Maturity and iv. Extended Life
cycle.
It is important to try and predict the changes to the PLC,
so that the company is able to plan and manage the change. One
has to :
i.
anticipate the introduction of new technologies,
ii. estimate the rate that new products are likely to appear,
iii. estimate the rate at which new products are likely to reach
the market,
iv. decide when to enter the market with a competitive new
product.
When a new product is to be launched it is necessary to
decide which stage of the process should be automated (it at
all) • It is believed that the "infancy" stage is one, Where
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manual production is used and teething product problems are
solved. New advanced manufacturing technologies are only fully
utilised during the "maturity" stage, as described in section
5.3.&.5.

Pigure 6.3(1)
Four variations to the Product Life cycle
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Source: Duijn, (1983), and Evans and Ford, (1984).
This link, between the PLC and new technology, could not be
established, since all of the sample companies surveyed had
established products. New products result from anyone of the
four factors concerning the extension of product lives. This
research observed that AMT was being adopted at different stages
of a product life cycle and that it was beneficial to a company,
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if it was able to convert its technologies, to produce more than
one product.
".Few companies (and none of those surveyed) were single
product companies. Therefore, the companies' sales and profits
were generated from several products, each of which may be at
different stages of their PLC. The corporate strategy of the
company should identify the required mix as shown in figure
6.3(2). Although Twiss discusses the R & 0 strategies required
to fill the so called "profit gap", it can be easily seen how
advantageous it is to a company if its AMT is able to manufacture
different products, and thus reduce the need for duplication of
equipment.
If a company is going to use its AMT to produce
several different products, then it has to ensure that the
product range is not too diverse for its chosen equipment to cope
with.

Figure 6.3(2)
"Gap Analysis" for Forecasting Profit contribution.
From Existing produqts

"Gap'

....t

to be filled
Iby new
prOducts
markets
or
diverSification I

Product 0
PrOduct C

u:

0

a:::

t

~

Total expected profit
contribution from
products A to E
Contribution to profit
from product A

5

10
VEAR_

.

source •

TWiss, (1986).
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From the "Design" questionnaire, (see Appendix I), there
were three questions relating to PLC's. The first asked for the
average product life cycle for their company, and the responses
are shown in table 6.3(1). The information clearly shows that
there is an even distribution across each of the categories with
a mean time of 13.4 years.
There was a question to try and
establish whether PLC's were increasing, not changing or
decreasing. Table 6.3(2) shows that, in half the companies, the
PLC's are not Changing. The research then tried to see if those
companies, who had automated, were different from those, who had
not.
However, the chi-square test score of 2.00 resulted in
accepting the null hypothesis that AMT has no significant effect
on the PLC.
Table 6.3(3) shows the responses for the frequency of new
product introductions. Here there is a distinct peak in the 2-4
year range, where 43.5% of the responses fell. The mean time for
a company to introduce a new product is 3.3 years. Therefore the
mean number of products per company is 13.4 / 3.3 - 4.1. With
the mean number of models manufactured being 55.3, the mean
number of models per product is 55.3 / 4.1 - 13.5.
In addition, the mean time companies plan into the future
is 7. 2 years (median and mode being 5 years). This would suggest
that the average planning cycle lasts a little under half a PLC
(13.4 years), or two product introductions (3.3 years each).
However, in the majority of'cases, where a 5 year plan exists,
the planning cycle lasts for a third of a PLC, or 1.5 product
introductions.
The mean time for respondent companies to design and
manufacture their last product was 2.5 years. This is 0.8 years
less than the mean frequency for new product introductions, and
may indicate that companies are becoming more efficient at
introducing new products.
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Tabl. 6.3(1)

Product Lif. Cycl. Durations
Range
(years)

,

Frequency

Percent

Less than 5

8

15.4

5 < x < 10

14

26.9

10 < x < 15

8

15.4

15 < x < 20

6

11.5

20 < x < 25

9

17.3

More than 25

7

13.4

Mean - 13.4 years
TaJ)l. 6.3 (2)

chang.. to the Product Lif. eycl. purationl

Response

Frequency
No AMT

AMT

Total

Percent

7

7

14

26.4

No Change

18

9

27

50.9

Increasing

10

2

10

22.6

Decreasing

Tabl.

6.3(3)

rr.;y.ncy of

Ity

Product Innovation.

,

Frequency

Percent

Less than 2

13

28.3

2 < x < 4

20

43.5

< x < 6

9

19.6

More Than 6

4

8.6

Range
(years)

4

Mean -

3.3 years
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6.3.3

compatibility Between Design and Mark.ting

There were two further questions desiqned to see if the
desiqn features of the companies products matched their
perceptions of why the customers bouqht them. Respondents were
asked to rank seven desiqn features and the same number of
similar market features. The results are shown in table 6.3(4).
The primary market feature (ie what the respondents believe
their customers look for) is that of price and is followed by
quality and functional value. However, the respondents (mostly
desiqn enqineers) ranked quality as the primary desiqn feature,
followed by practicality, and cost. with the exception of cost
and price, the rank of the other design and market features were
identically matched.
'I'abl. 6.3(4)
compatibility of produot Design and Mark.t •••tur ••
Mean
Score

Rank

Rank

Mean
Score

Cost

3

3.4

2.4

1

Price

Quality

1

2.4

2.5

2

Quality

Practicality

2

3.3

2.8

3

Functionality

Manufacturability

4

3.8

3.5

4

Availability

Material Used

5

4.7

4.5

5

Material Used

Appearance

6

5.0

4.9

6

Aesthetics

Novelty/oriqinal

7

5.2

5.9

7

Novelty/New

Desiqn
Feature

Market
Feature

This would indicate that the company designers and enqineers
desiqn for what they call quality, and not for what they perc,iv,
their customers want, which is cheapest price. This potential
conflict between cost and quality is an important issue. Th,
dilemma, (as described in section 5.1.3), is that the addition
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of quality features, such as reliability, usually adds to the
cost.
It is important for companies to distinquish clearly between
market qualifying criteria, and order winninq criteria.
The
balance between quality and cost could be referred to as being
"value for money". To qualify for a market, the product has to
have a quality level equivalent to other competitor products.
By achievinq this level, Hill, (1987), believes that orders will
not be lost. To win additional orders the companies must compete
on price, delivery and other factors, such as the company's
esteem value or extra product functions.
The problem often arises when a competitor company raises
the quality of its product, and increases the "value for money"
concept for the customer. In order for the other companies to
remain in the market, they will have to raise their quality
level. This is prior to competing for actual orders.
The 20 companies surveyed had difficulty in identifying
their market qualifying criteria and order winning criteria.
Since 19 of the 20 companies were actually manufacturing a
product, their qualifying criteria was to manufacture a
functional product to the necessary specifications tor
dimensions, performance and reliability that gave "value for
money", as they themselves perceived it. The 20th company was
a sub-contract enqineer, where the above criteria can be related
to the services offered to their customers.
The order winning criteria mainly revolved around the price
and delivery deadlines.
However, it seemed that many of the
staff were oblivious to the style of visual products, reputation,
image and the service the company may offer.
Wi thout clear,
precise statements of a company's market qualifyinq criteria and
order winninq criteria, the designers and marketeers are likely
to be incompatible and working towards different qoals.
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Appendices IV and V describe the characteristics of the
companies surveyed, and the products or services they sell.
There seems to be a difference in the marketinq strateqies
adopted dependinq upon whether their products are sold to a
specific company or to a market in qeneral.
The heavy
enqineerinq industries, with their jobbinq shops, where products
are made to a specific customer order, are likely to use the hiqh
precision qualities of AMT in promotinq their products.
In
contrast the hiqher volume liqhter enqineerinq companies will
qive AMT a hiqher profile in promotinq its consistency and
flexibility.
This section has illustrated the need for marketinq
departments to communicate with production, to ensure that the
most appropriate process technoloqy is purchased for the intended
product ranqe.
Once aqain the departmental strateqies and
tactics have to complement each other in order for the obj ecti ves
of the company to be met.
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Maiptenapce &Dd

ANT

Often the importance of maintenance costs and strategies are
overlooked in many companies. One definition of maintenance for
a manufacturing company is given below.
"That set of activities, the aim of which is to ensure that
the buildings, plant and machinery of an organisation are
kept in such a condition that they can continue to carry
out their required functions satisfactorily"
(Evans and Ford, 1984)
This section discusses the maintenance dilemma faced by
manufacturing companies and is followed by a discussion on the
opinions of the suppliers of computerised maintenance systems.
The maintenance strategies are then studied to see whether the
key issues have been adopted by the companies surveyed. Finally
the research looks at the impact of AMT on maintenance strategy
and how it affects the dilemma.
The objective of preventative maintenance, as described by
one of the suppliers of computerised maintenance systems, is :
"to ensure that the correct inspections are carried out at
the right time, and that appropriate actions are taken by
the correct personnel, so that developing faults can be
detected early enough to avoid secondary damage, with its
associated long down time and high repair costs."
(Idhammar Management Systems Ltd)
The equipment has also'become less standardized and more
technically complicated. It requires multi-skilled engineers to
service it, since any problems may require a combination of
electrical, mechanical and electronic expertise to solve them.
The standard, stand alone AMT machines are more reliable, and
require less provision for maintenance than conventional
equipment, although, in this latter situation, companies often
try to extend the life of their conventional machines beyond
their intended limits.
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Some larger ANT installations, and the early FMS in
particular, have had many teething problems. This reflects the
Weibull distribution model, (described by Bestwick and Lockyer,
(1982) ), for the frequency of breakdowns.
There are other
complications to add to a maintenance strategy. Companies need
to distinguish maintenance of the actual AMT machinery from the
general maintenance of the production line and factory
facilities.
1 ••• 1

auestionnaire Reaponses on laipt.napq.

In addition to the questions asked of the 20 companies
surveyed concerning their maintenance strategy, the Pemec '87
exhibition (NEC Birmingham, September 1987) provided the
opportunity for similar questions to be asked of the suppliers
of computer maintenance systems. The questionnaire displayed in
Appendix Ill, and the results from the 17 (from a possible sample
of about 25) respondents are summarised in Table 6.1.
The most important factor in any company I s maintenance
strategy is to operate production at the lowest overall cost.
This was rated the primary priority by 70% of the respondents,
which corresponds to a mean score of 1.41. There was only a
slightly lower mean rating, of 1.65, to the priority of
minimising the down time of the machinery (1- Important, and 5No Importance).
The remaining three factors of safeguarding the firms
assets, prolonging the life of the asset and reducing accidents
had an average level of importance of around 2.5. This shows
that there appears to be a distinct short term emphasis on
company I s maintenance strategies.
It may also indicate that
companies tend to use machine utilisation rates and enforced down
time as the main measures of maintenance performance.
The importance of the maintenance strategy, wi thin an
overall corporate strategy, resulted in a mean score of 3.18 ,
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with half the respondents electing 4. This would appear to show
that maintenance is not rated as highly as other functions such
as finance, sales, marketing and manufacturing. The reason is
probably due to the fact that maintenance is not perceived to
have a direct impact upon the company I s trading position or
operations. Indeed, in the short term, it will sometimes appear
as an unnecessary and over resourced cost.
However, its
undoubted value must be in the long term a reduction in down time
costs.
Many respondents did comment that maintenance was
becoming more important as companies took a longer term outlook,
and a systems view.
The importance placed on maintenance in the design of
automation and AMT was given a mean score of 3.12. This is below
the average, and indicates that the functional design of the
machine is of greater importance than its maintainability.
It was claimed that sot of companies adopt a policy of
repair only when the machine breaks down, with 30t having "stand
by" or replacement machinery. However, sot of respondents said
that preventative maintenance should be adopted in the future,
whilst a further 37t said that greater flexibility of production
lines, such as "extra routes", would alleviate some of the
maintenance problems.
This would suggest that nearly all
respondents expected changes to be made to maintenance strategies
some time in the future. Questionnaire respondents claimed that:
1.
2.
3.
4.

16t over maintained their equipment,
65t did not conduct systematic training programmes,
39t gave complete job descriptions to their employees,
77t under estimate the value of a comprehensive maintenance
strategy.

The above information gives a clear indication that
companies give maintenance a low priority and that systematic
training programmes,
complete
j ob
descriptions
and
a
comprehensive strategy might have helped to redress the balance.
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The major problems in maintaining automation and AMT drew
a large and varied response (see Appendix XV). These could be
divided into five categories: Manpower, Information, Resources,
Management and Equipment.
The maj or problems were that of
managing the maintenance team and the implementation of the
equipment. Then there were the problems of having the manpower
available, of the required skill level to maintain the equipment.
Finally, another problem related to the lack of information and
documentation required to maintain the equipment.
other problems relating to resources and equipment, such as
the compatibility of the systems, were less frequently mentioned.
However they would have to be considered as part of an overall
maintenance strategy.
This may suggest that the failure of
automation is due to the peripheral and accessory equipment, and
not the AMT itself.
Good maintenance engineers must be technically competent.
This will require them to be well trained and multi-skilled. In
addition they must be able to diagnose faults quickly,
communicate with other people, and, where possible, solve the
problem. The individual responses to the questionnaire are given
in Appendix XVI.
Respondents felt that the training of a maintenance engineer
should be more practical and with less emphasis on theory. The
mean score was 2.4 (1 - Practical, 5 - Theoretical), with an eVen
distribution of responses across the scale. This implies that
there are different strategies adopted for the theoretical
content in training courses.
The respondents believed that about half of the training
should be carried out "in-house", and a third at the equipment
supplier's. Only occasionally were educational establishments
and professional institutions mentioned as possible places for
training.
This clearly reflects the belief that a greater
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proportion of the training should be practical, as suppliers
courses are often more theoretically based.
It is claimed that, on average, it takes 5 years to train
a maintenance engineer and that the annual training time per year
should be more than 16 days spread over the whole year.
On
average, £1,600 is spent annually on an engineer's training
courses each year. This amounts to a daily cost of about £100
but the real cost, when lost production, expenses and wages are
considered, is much greater.
The proportion of men trained to be maintenance engineers
varied considerably. Some respondents felt that every employee
should be trained, whilst others believed that, with greater
equipment reliability, a lower proportion was needed. From the
sample of companies surveyed, it was observed that some companies
expected the machine operators to carry out routine maintenance,
leaving a smaller maintenance team to concentrate on the main
breakdowns and special service tasks.
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Tabl. 6.4
Snmmary ot

Response to the Maintenance OUestionnaire

Description of the Question

Response

1. *Components of the Maintenance strategy:

i.
ii.
iii.
iv.
v.

operate at lowest total cost
Minimise down time
Prolong the life of the assets
Reduce accidents
Safeguard the firms assets

1.41
1.65
2.41
2.76
2.76

2. *Corporate Importance of Maintenance

3.18

3. *Maintenance considerations in the design of AMT

3.12

Past Maintenance strategies:
i.
"Breakdown"
~~.
Planned or Preventative
iii. other

50.0%
15.4%
34.6%

Future Maintenance strategies:
i.
"Breakdown"
~~.
Planned or Preventative
iii. other

3.8%
46.2%
42.3%

5.

Problems in Maintaining Automation and ANT:
Management
i.
ii. Manpower
iiL Information
iv. Resources
Equipment
v.

29.2%
25.0%
20.8%
12.5%
12.5%

6.

Characteristics of a "Good" Maintenance Engineer:
40.7%
i.
Technical Expertise
22.2%
ii. Managerial Skills
14.8%
iii. Equipment Diagnostics
14.8%
iv. Communication
v.
Business Unde'rstanding
7.4%

7.

Proportion of Engineer's Training takes Place:
i.
"In-house"
ii. Equipment Suppliers
iii. Educational Establishments
iv. Professional Institutions

4.

51.6%
31.3%
10.9%
9.4%

8.

Mean Time to Train a Maintenance Engineer

5 years

9.

Number of Days spent each year on Training

16 days

10. Money spent each year on Training each Engineer

£1,600

* Questions where the Mean Score scale is from
1 - Important, to 5 - Not Important
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companies Maintenance strategies for ANT

The majority of companies would describe their maintenance
operations, prior to the 1980's, as being over staffed, and where
the engineers would only attend an actual breakdown • Restrictive
practices and demarcation lead to single skilled engineers, who
would only carry out one set of tasks leading to an excess of
manpower resources.
Large redundancies, especially within the labour intensive
industries, and more cross trade working have significantly
reduced the size of maintenance teams. However, the "breakdown"
strategy still remains, where machines are only maintained when
they have actually broken down. This line of thought existed in
half the companies surveyed.
For the actual AMT cells, the number of companies operating
a planned preventative maintenance strategy was 75t. This is a
further example of investment in AMT leading companies to review
their manufacturing operations. One consequence has been the new
labour agreements ,as described in section (5.2.1), in which the
machine operators do routine cleaning and checking.
The
introduction of "quality circles" has made operators more aware
of the need for the machinery to operate optimally. In addition,
by taking more care of the work done, and with a greater flow of
information, the employees know when a machine is not performing
to specification.
Many AMT suppliers give the company detailed programmes on
what routine maintenance needs to be carried out and on the
frequency. They will also train the maintenance engineers to
carry out these tasks, since it is in the interests of the
suppliers and the users not to keep large task forces on stand
by in order to conduct routine jobs. However, the suppliers have
to make engineers available for the more difficult jobs, and
usually guarantee a 24 hour attendance service.
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Companies now appreciate that their key machines have to be
kept running to tighter schedules. This is emphasised by the
need to reduce lead times, and penalty clauses for late work.
It is then critical to maintain the machines when they are not
actually being productive, usually in the evenings or at
weekends.
Some AMT, especially the FMS, requires the constant
attention of well trained personnel. However, in general, with
the increased reliability of AMT, there is less need for large
maintenance teams.
Indeed some companies claim that more
maintenance work is needed on the factory services than on the
machines.
This often leads to distinctions being made within the
maintenance departments.
Those staff, who wish to be highly
trained and multi-skilled, are designated tasks concerning the
machinery. The remainder will be employed on factory facilities.
Every maintenance engineer will have there programme to carry out
routine maintenance. However, there has to be a contingency for
the unexpected breakdown, and a capability for staff to give such
breakdowns a higher priority than routine work of a preventative
type.
The impact of AMT has been to focus the attention of
management on :
i.

increased reliability of machinery, which requires less
attention and maintenance,
ii. increased opportuni ty cost of non-productive time,
especially when the manufacturing operations work around
the clock,
iii. increased cost of calling out the machine suppliers,
iv. maintenance training, despite the varied interpretations.
It is important for companies to have a flexible maintenance
strategy that does not have over rigid rules. The strategy has
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to be formulated, so that the maintenance resources applied to
each machine match the failure profile of it. Therefore, each
machine has to have its allocation of resources, and the size of
the maintenance team should match the adoption rate of the new
technology. It is inevitable that companies will have to make
provisions for "breakdown" maintenance.
Some companies are now using the computerised maintenance
systems in their manufacturing operations. They have enabled the
maintenance personnel to focus their attention on the existing
procedures and practices, and how they should be carried out in
the future. The more comprehensive software packaqes cost around
£15,000, and include modules on the following:
i.
ii.

Schedule maintenance.
Management of stock control for holdings and purchase
ordering.
iii. Maintenance statistics and staffing levels.
iv. Loqging of the existing tool machines and plant histories.
v.
Forecasting future maintenance events and staff workload.
vi. Compilinq and updatinq a comprehensive asset reqister.
vii. Costing all aspects of maintenance and providinq budqetary
information.
viii.Allowance for breakdown and unplanned events.
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Iptegrating Business Information syst. .,
The resources available to a business have to be managed,
through a number of activities, to manufacture the product, and
meet the company's objectives. The two previous chapters have
discussed the resources and the activities of a business system
respectively (also see section 2. 3), and have concentrated on how
they affect, or are influenced by automation.
The development of an Integrated Business Information
System, (IBIS), has been assisted, through the capability of
computer technology, to collect and process large quantities of
information quickly and accurately, and by commercial pressures
to become more competitive.
The introduction of an integrated business system, within
a company, has to be addressed at a strategic level by the
highest management. When implemented, the system will encompass
the whole business allowing management to control and plan the
resources and activities. It is therefore critical that there
is a consistent approach, understanding, philosophy and culture
throughout the organisation.
A.T. Kearney's recent survey, (1989), shows that, in spite
of the great interest in IBIS (sometimes confused with computer
Integrated Manufacture (CIM», few companies have addressed the
issue at a strategic·level •. Consequently, implementations have
been limited in scope and scale, and have failed to deliver the
benefits in those areas judged to be most important for
competitive advantage.
1,5,1

component. of an Integrated IYsin,ss SYlt,.

In business, products are always sold to a customer whether
it is the final consumer directly, or through an intermediary.
The output of one system is the input to a succeeding system.
Many see their customers as being the strategic end point of
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their system. The description given below of an IBIS has been
modified from a system that was in operation at surveyed company
4.

The link with the customer is usually a salesman, who takes
the orders and relays them back to the central planners.
Information from many salesmen and orders then initiate the
integrated marketing system. The orders are processed so that
the quantity of each product is known. This information is then
passed to three other centres, namely distribution, forecasting
and marketing intelligence planning.
The distribution system controls all products that are kept
in stock and, with knowledge of what is being manufactured, can
give the salesman an immediate answer on the delivery date to a
customer order request. Key factors in delivery are the
geographical location, the customer type and the availability of
transport.
The market intelligence and planning systems included three
years of historical data on customer orders and competitors.
This data goes into a central database which monitors the trends
to individual products and the market, and have to ensure that
the company has the right products in the right place at the
right time.
The planning and control activities are at the core of
business operations. computer Aided Production Management (CAPM)
systems are capable of providing the informational link between
production, component suppliers and customers (see figure
6.5 (1» •
Communication of delivery dates, quotations and
production schedules are provided by EDI systems such as
"TRADANET".
The third destination of the order information is to
forecasting and inventory control that calculates the flow of
products required to satisfy demand. This information is used
219

Figure 6.5(1)
Integrated Business Information System
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by the manufacturing planner who decided on the production
schedules. This now starts the integrated manufacturing system.
Using the information processed in the marketing system and a
common data base, manufacturing is able to decide on batch sizes
and inventory required from the goods suppliers and stock rooms.
This is primarily short term, but long term forecasts are
generated, which al~ow manufacturing to plan for future changes
in demand and product ranges. The product design department is
a key link between marketing and manufacturing, by designing the
products required for the market, given the manufacturing
capability.
Only advanced computerised systems have been able to assess
all the data and support all the individual company strategies.
The computer systems can be purchased in modular form with
financial, personnel and product cost units also available. The
computerised IBIS is required so that management can obtain
control of their company, and plan for the future. The major
difficulty is in formulating compatible systems and implementing
them into an IBIS.
1.5.2

Integrated BusiDess Ipformation System - Th. Goal

The sample of companies surveyed had all adopted various
forms of computer technology and automation. However, the cost
of the equipment has meant· that a step by step approach to
implementation has had to be taken. The ultimate goal is to have
a computer integrated business, although there are different
interpretations of what this entails. only company 11, and to
a lesser extent company 4, had taken significant steps towards
creating a computer integrated business.
They had both
implemented large quantities of AMT and extensively computerised
their design, engineering, production control, marketing and
procurement activities.
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Figure 6.5(2)

components of a computer Integrated Business system - Company 4
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Overall, the computerised and technology strategies had been
formulated to ensure the company's remained competitive through
increased productivity, consistent quality, greater flexibility
and improved responsiveness to changing market conditions and
environment. The technology is available although company 11
claim that the computer integrated business is in essence a
philosophy of business rather than a technical solution to a
manufacturing problem.
It is essential for companies to take a systems approach
which critically studies and evaluates each procedure carried out
by every machine and person. This initial investigation should
not only reveal the areas for AMT (as outlined in section 4.1),
but also where improved efficiency could be achieved through
greater
simple
rationalisation
and
communicative
and
informational integration.
The research observed that those companies that appear to
have been the most successful do not necessarily have the most
manufacturing automation and computerisation, but they have
integrated the techologies into the company I s organisational
structure. This highlights the importance of making CAD, CAE,
AMT and their complementary technological and informational
systems part of an overall manufacturing strategy to improve the
total quality of the system (see figure 6.5.2). Only through
commitment to total integration of business activities can this
be achieved.
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S"mmary
The adoption of AMT and CAD are only two parts of a
business's drive for improved effectiveness and competitiveness.
However, they are frequently central to company's objective of
achieving "Total Quality" and obtaining customer satisfaction.
Chapter 6 has focused on four non-manufacturing activities
of a business, which are affected by the implementation of ANT.
The implications for maintenance, procurement, marketing and
product design illustrates the breadth of the impact, which large
quanti ties of AMT have on a business.
It is important for
individual activity's strategies to complement the overall
business strategies to optimise the system as a whole, and not
its sub-systems.
This process has been assisted by the
development of computerised Integrated Business Information
Systems, which are capable of collating and analyzing large
quantities of data, quickly and accurately.
The adoption of AMT has often resulted in the simultaneous
development and rationalization of product designand simplified
the manufacturing processes. This advance in manufacturing has
directly benefited the marketing activity.
In addition the
combined affect of the existing competitive environment and
computerisation has resulted in greater collaboration with
component suppliers and higher machine utilization.
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CHAPTER 7

EXTERNAL INlLtlENCES ON TBI SYSTIM

Chapter 7
Bxternal Influences on the System
~

Introduction

The preceding chapters discussed the activities, resources
and their relationships, within a company adopting AMT. These
factors are all functions that are within the control of the
management and their employees.
Together, they manage and
operate the internal objects of the system.
However, as mentioned in chapter 2, there are factors, such
as global competitors and the national economy, which are out of
the control of the individual company, yet can influence
management decisions. These features will be referred to as the
"Environment". The research identified four business environment
issues that affect each of the 20 companies surveyed.
Firstly, there are the manufacturers and suppliers of the
AMT equipment. The relationship, that is developed, is a key
cri terion for the successful implementation of AMT. The opinions
of both the suppliers and the users are critically examined.
Finance is a key factor for every company.
The study
concentrates on the forms and sources of finance that are
available to both AMT manufacturers, and users, and not on the
financial structures of the sample companies. consideration is
also given to the internal accounting systems and the validity
of corporate reports, as these measures are used to justify
projects and determine the suitability of a company for funds.
Investigations were also conducted into the role of the
Trade Unions, who can be influential both within and outside the
company's boundary.
On a national level, opinions of the
regional Trade Union officials are collected; and the impact of
this Government's actions are also reviewed briefly.
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Finally, the government's related fiscal measures are
reviewed, since political administrations are usually blamed for
anything and everything that goes wrong. The research focuses
on the industrial grants, and support that is available for both
the AMT suppliers and users.
The syppliers of ANT Equipment
The role played by the suppliers of AMT equipment is
naturally of importance in the development, implementation, and
success of such technology.
Although it was not intended to
carry out detailed research into the AMT supply industry, its
critical nature meant that some study was inevitable.
First contact with personnel from the supply industry was
made at the biannual "Automan" Exhibition, Birmingham in 1987.
This was sponsored by the BRA and had over 450 exhibitors. Most
of the world's suppliers of AMT were represented, along with
consultants, integrators, the professional institutions and the
manufacturers of accessory equipment.
The aim of the four day visit was to :
1.
2.
3.

gain an understanding of the industry,
witness the capabilities of some of the AMT equipment,
discuss the various strategies adopted when implementing
AMT,

4.
5.

establish the problems that a potential user has
choosing and selecting the equipment suppliers,
understand the limitations of the different types
equipment.

in
of

The initial survey of 45 exhibitors covered a cross-section
of the different types of supplier. Discussions with them were
informal and the following opinions expressed represented more
than two thirds of the respondents, unless stated otherwise.
Following the exhibition five suppliers of AMT were visited. The
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purpose was to discuss, in greater detail, the findings from the
exhibition and to pilot a questionnaire, which would be targeted
at the AMT manufacturers and integrators.
7.1.1

The structure of the Industry

Research, by White, (1984), showed that 13 UK based robotic
equipment suppliers employed a total of 476 people.
The
proportions engaged in the categories of R&D, manufacturing and
others were 27%, 36% and 37% respectively. The R&D personnel for
the whole of British industry is only 2.5% of all staff, so this
emphasises the early stage of robotic development. The research
questions the length of time robotic companies can carry on
spending large sums of money on R&D without increasing sales.
White also shows that all but one of the UK's large
companies have benefited from licence agreements with at least
one foreign company.
The immaturity of the industry is also
illustrated by the number of company takeovers that have
occurred. In addition, with such a broad area to cover, many of
the smaller companies chose to specialise in applications where
the competition is less severe, but where expertise is still at
a premium.
One such example is Lamberton Robotics, who also
follow the Japanese approach, by working closely with their
customers to develop systems for specific applications.
Prior to 1987 there were turbulent times for the world's
robot manufacturers, as Dainichi Kiko (Japanese) went bankrupt,
GM Fanuc reduced its workforce, Thorn EMI stopped its robot
division, whilst Westinghouse reorganised Unimation, and Welding
Robotics and Automation were only saved when they were bought out
by Cloos, (Automation, 1987).
Information from the BRA shows that there are around 100
manufacturers of robotic systems and their accessory equipment
in the OK.
In addition, there are nearly 150 agents and
integrators, with approximately 50 involved in education, or
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research, and
consultants.

a

further

40

companies

classed as

robotics

When matched with the official information published each
year in "Robot Facts", (BRA, 1986, and 1987), regarding the cost
of systems purchased, it is clear that most of the UK
manufacturers only produce the small robots (ie valued less than
£20,000, as outlined in section 2.2).
This research has identified four categories of supplier.
1.

2.
3.
4.

The large suppliers, who have generally grown from large
electronic or automotive companies, and who are concerned
primarily with supplying the large industrial robots (which
tend to be relatively slow).
These companies have the
financial and R&D resources, and expertise to develop their
equipment, usually at high cost.
Smaller suppliers of AMT, who have less financial backing,
and who offer proven, simple and modular systems.
Companies that manufacture AMT under licence from a large
overseas supplier.
The companies who adapt basic systems from a variety of
suppliers, in order to build to a specific system.

Companies rarely have the ability to provide complete
systems, and often need to collaborate with tellow suppliers.
However, there are intermediaries often known as inteqrators, who
will act as a "go between", and organise several suppliers to
provide a complete system. They will usually obtain commission
on the equipment they sell and organise the service contracts.
Clearly there is much potential for design error and cost
enhancement in these arrangements.
7.1.2

opinion. ot the ANT Supplier.

The suppliers thought that their primary role was to provide
the AMT equipment to the required specification and delivery
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date, agreed with the user. In general, they would give advice
to the user on the suitability of AMT for the intended
application, but felt in no way obliged to assist in the
formulation of the specification.
This is despite the
difficulties the smaller inexperienced companies have in knowing
exactly what they want, and accurately matching this with what
is available, as described in section 4.2.
The key to any successful implementation of AMT is in the
"equipment specification". This is primarily the responsibility
of the adopting company and not the supplier.
Companies, in
general, do not have the in-depth plans needed to give a proper
comprehensive equipment specification.
It is claimed that companies rarely automate the easiest
applications first, and suffer from the so-called "Car Syndrome".
This is the concept which questions the purpose of a luxury car,
wi th all the accessories, when a basic car will achieve the
fundamental objectives, usually of travelling between two places.
The suppliers believed that the user company usually insisted on
the equipment being either too complex or sophisticated for the
intended application.
Where possible it is thought that
companies should join the learning curve by adopting dedicated
equipment, prior to experimenting with more flexible AMT.
The performance of the suppliers is measured initially by
the company's ability to have the right system operational on the
agreed delivery date. However, the ultimate success is measured
on the company I s ability to obtain repeat orders, and make
profit.
The Integrators claim to have a much closer working
relationship with the customer, and to assist in the selection
process for the equipment. Even in this case, the application
has to be identified beforehand by the adopting company.
FUrthermore, the management, and the responsibility for the
project, remains with the adopting company. This was emphasised
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because the suppliers felt the companies stood back to allow the
equipment to be installed, expected it to operate successfully,
and were not prepared to take further "design" responsibilities.
This also illustrates the lack of planning by some companies.
Training for operatives, maintenance, and technical
engineers will always be available from either the supplier, or
the agent, and can be conducted on the company's premises. The
training programmes are flexible and can be easily adapted to
meet the requirements of the individual customer.
Ini tial
training programmes would be included as part of the cost, with
additional courses, on more detailed electronics and advanced
programming, having to be paid for. However, few companies are
prepared to commit addi tional expenditure to learn the more
intricate details of programming and equipment capabilities.
Training generally, in UK industry, was seen to be given a
low priority by many companies.
Therefore, insufficient
resources are put aside to prepare the company's employees for
ANT. This is particularly relevant for those companies, who do
not have the in-house expertise or experience. Two suppliers
advise companies intending to use AMT on a wide scale to purchase
cheaper training systems on which to teach and practice. There
are at least five companies that manufacture systems specifically
for training, whose major markets, to date, have been the higher
education and research establishments.
Using this training strategy, the management and engineers
would be able to understand equipment capabilities and plan tor
the future, prior to making the final commitment on large
investment decisions.
It would also give the company the
opportunity to assess, and develop the interests and enthusiasm
of the existing workforce.
The suppliers favour providing "TUrnkey" systems, in which
they are solely responsible for the commisSioning and operation
of the equipment to the agreed specification. The company has
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negligible involvement in the development of the physical system,
other than in the planning and management of the project. In
addition, it is believed that modifications should be carried out
by "suppliers", as they are the only people, who fully understand
the equipment. However, it is strongly denied that suppliers
would force their products onto the client, or that the
management and control of the proj ect would be lost to the
company.
It is claimed that too many companies wish the suppliers to
adapt their equipment unnecessarily, in order to provide a
solution specifically for their manufacturing system. This is
because modifications to basic models are expensive, time
consuming and take longer to commission, as the software system
"bugs" have to be identified and removed.
Non-adopting companies, in general, fail to appreciate the
need for a change in the
atti tudes for accepting, and the
criteria used for appraising AMT investments. The problem, as
~iscussed in section 4.3, relates to an exaggeration of the
costs, and the under estimation of the benefits.
Expensive imports, high UK interest rates, insufficient
profit generation for investment and uncertainty over future
product markets were the most frequently mentioned reasons for
the slow diffusion of AMT in UK companies. In addition, it was
felt that there was insufficient promotion and assistance from
central government.
section 7.4 explains the aid that is
provided by the UK government to both the suppliers and potential
users of AMT.
Initially, AMT was slow to be adopted because the companies
were frightened by the technology: they thought it was
inappropriate, too complex and expensive. This resulted in a
lack of commitment to raise the finance for a hiqh risk
investment.
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For those companies, who were adopting it, it was felt that
many additional problems arose because they did not :
1.
2.
3.
4.
5.
6.

appreciate the time involved in developing a system,
sufficiently modify
their products
and
production
processes,
have total management commitment,
properly inform their employees of developments,
stick to a system they could afford,
have a plan that extended beyond the existing phase of AMT.

One of the common themes in the supplier discussions was
that AMT would be much more successful within companies, if there
was greater collaboration between the design and production
departments.
7.1.3

opinions of the AKT Users

The impressions gained from the sample of over 20 companies
surveyed, concerning the AMT suppliers, varied enormously. The
larger companies, who had adopted much AMT, and attained
experience, were familiar with the equipment that was available,
and the service they could expect from the suppliers.
These
companies knew what was required to formulate a specification and
a contract.
The smaller, less knowledgeable companies, in terms of the
AMT adoption, were much more sceptical of the suppliers. They
treated them with suspicion, and felt that the equipment was
expensive. These people were often overwhelmed by the technical
literature produced by the different suppliers.
There was little concern that most of the machine tools now
came from other European countries. Indeed, it was often said
that this was probably a good indication of a better quality
product. In addition, the European-based companies have just as
good, if not better after sales services available than the
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British companies. The users felt that the Single European Act
(described in section 7.4), to be introduced in 1992, would have
no influence on the qlobal AMT equipment industry in qeneral.
7.1 ••

Analysis of the Supplier Questionnaire

Havinq analyzed the responses from the 45 suppliers at the
Automan' 87 exhibition, and the five manufacturers that were
questioned in greater detail, a short questionnaire was designed,
(see Appendix II).
The purpose of the questionnaire was to
investigate, in greater detail the thouqhts of the AMT equipment
suppliers, and to obtain more quantitative data. It would expand
on the published work by Fleck, (1984) and White, (1984), at the
University of Aston, and the Economic Commission of Europe,
(1985), who were primarily concerned with the actual numbers and
underlying reasons behind the trends.
This research
questionnaire focused more on disclosing management strategies
and decision making processes.
Three hundred questionnaires were despatched in September
1988, to named manufacturers and integrators of AMT, with the
assistance from the British Robot Association. The 33 completed
replies represented an 11% response rate, and the results were
summarised in Table 7.1.
There appears to be an overriding belief that the main
reason behind a company's decision to automate is to remain
competitive. without investment into new technologies, it is not
possible to continue the downward trend of real costs, (as
described in section 5.3.4, regarding learning curves). This
naturally assumes that the new technoloqy is bought to reduce
relative product costs for the existing range, and not for other
reasons, such as product enhancement and quality.
The two other parts to the question yielded a response of
25% each.
They were to provide a solution to problems with
existing machinery, and meetinq future demand respectively.
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These reasons, too, have an underlying competitive nature of
either cost reduction or increasing market share.
44% of automation suppliers believe that companies, in
general, do not adequately look to improve their present
operating systems before automating.
This gives rise to the
opinion that companies believe that automation is a panacea that
leads directly to greater competitiveness. However, some 25% of
companies do consider improving products,
manufacturing
techniques, and using materials more cost effectively.
62% of the interviewed suppliers believe that any
consultancy advice should be carried out by independent
companies, in preference to the equipment suppliers and expertise
from within the company. This is so that a second opinion can
be obtained, as many of the suppliers, (or their agents), claim
to conduct their own consultancy prior to selling the automation.
It was felt, by the suppliers, that the most successful
approach to automating was to select one main supplier who either
was able to manufacture all the equipment, or subcontract some
of the work, but remain in control.
They would remain
responsible for the technical aspects of the project until all
the work was complete.
56% of the suppliers believe that companies should invest
continually in new technology, by taking a gradualistic and
evolutionary approach.
Inexperienced users should wait until
they have seen their technology operate in a similar application.
There are too many potential problems, and costs inherent with
"taking a lead"; this also resulted in many delays, in which
competitive advantage could be lost.
It was strongly believed that only proven technology should
be adopted, although, in many cases the equipment may have to be
adapted or modified for individual applications.
These two
responses accumulated over 80% of the replies, whereas the
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remainder thought that specially built automation was necessary
to obtain precisely what a company wanted, but expressed caution
in adopting this approach.
Automation should not be implemented in a single step. It
should be introduced more gradually, with 75% opting for the
"step by step" approach, in preference to by product or
production line. There are numerous reasons for this, such as
the availability of financial resources, uncertainty of future
sales and the acknowledged learning curve effects.
However,
there are a number of examples where it is only feasible to
implement AMT in one step, mainly due to the disturbance caused,
and lost production during installation work and commissioning.
On deciding what automation to choose, 55% of the suppliers
believe that it is important that the equipment bought should be
as flexible as possible.
They believe that starting with
dedicated machines, and building in flexibility later, is
unnecessary.
The requirements of the potential user are obtained by
talking and discussing the problems with the supplier or
integrator, and by carrying out market research. However, it is
often noted that customers do not know what they want and
therefore suppliers are in a responsible position. This perhaps
explains why independent consultants are recommended in such
instances.
impression of the suppliers and their thoughts on their
own industry, was gained from question 13. They think that over
80t always put their customers first, but 30t are unwilling to
adapt their products to meet the needs of the end user.
Similarly, it was felt that 30t of suppliers have too much
control over the management of the project, and 38t agreed that
the after sales service was not efficient. However, the most
significant figure was that 43t of suppliers thought that they
An
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forced their products onto the customer even though these may not
have been optimal for the user.
One of the striking features of this series of questions,
regarding suppliers thoughts of manufacturing companies, was the
broad range of responses that were given, which resulted in all
the mean results falling in the range from 30% to 60%.
The
suppliers believed that nearly 60% of the automating companies
fail to match the skills of their employees with those required
by the technology. In addition, it was thought that less than
40% of companies buy in personnel with the required expertise.
This appears to highlight the area of education and training, as
one which could be improved in the automating companies. One
supplier claimed that companies were interested only in operating
the machines, and not diagnostics or programming to achieve
control.
It is also claimed that only 30% of companies formulate and
implement a cohesive manufacturing strategy, whilst about half
take a systems view of the company. It is felt that just 35%
plan beyond the present phase of automation, and only half make
full use of the automation which is installed. Additionally, the
suppliers think that 60% of companies do not design their
products specially for automated manufacture.
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Table 7.1
Tabulated Summary of the Supplier Questionnaire

Question Description

Score

Reasons for Automating :
i.
Solve a problem with existing machinery.
ii. To meet the forecasted future demand.
iii. Take advantage of advances in AMT.
iv. To remain competitive.
v.
Because the company feels that it has to.

25%
25%
0%
42%
8%

Considering Alternative Improvements to :
i.
Present products on existing technology.
ii. Present manufacturing techniques.
iii. The cost effectiveness of the materials.
iv. Existing machinery.

25%
44%
25%
6%

Place where consultancy advice should be taken :
i.
Independent Consultants.
ii. AMT equipment suppliers.
iii. Expertise from within the adopting company.

50%
20%
30%

AMT Equipment should be Purchased from :
i.
Many small suppliers.
ii. One main supplier, responsible for all work.
iii. Integrator or "systems house".

11%
33%
56%

The Installation should be Timed so that the company
i.
Leads the rest of the industry.
ii. Invests continually in AMT.
iii. waits until the technology has been proven.
iv. waits until it can "leapfrog" competitors.

10%
50%
40'
0'

purchases AMT which has :
i.
Already been proven.
ii. To be adopted or modified.
iii. To be custom built for the operational task.

60%
20%
20%

The Development of an Automatic System should be :
i.
Introduced "step by step".
ii. By product or production line.
iii. Completed all at once.

56%
44%
0%
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Question Description

Score

When Developing an Automated System, should start :
i.
Dedicated and build in flexibility.
ii. With the most flexible equipment.
iii. Rationalising existing systems.
The Proportion of AMT Equipment Suppliers that :
i.
Fail to put their customers first.
ii. Are unwilling to modify their products.
iii. Take over the management of the project.
iv. Provide an insufficient after sales service.
v.
Force their products onto customers.
The Proportion of Automating Companies that :
i.
Fail to match the skills of their employees
with that required by the technology.
ii. Employ personnel with required expertise.
iii. Do not formulate porporate and manufacturing
strategies that complement each other.
iv. Do not take a "systems approach".
v.
Do not plan beyond the present AMT project.
vi. Do not fully utilise the existing AMT.
vii. Do not redesign products for manufacture.

20%
33%
27%
40%
39%

55%
29%
72%
53%
40t
55%
63%

Summary

The equipment suppliers believe that the most successful
automation implementations are achieved when independent
consultancy companies and single responsibility suppliers are
employed to introduce proven technology "step by step", which is
the most flexible at the time, and in a modular torm. This is
the action that has to be taken to remain competitive, but must
follow and be linked to improvements to the overall systems
efficiency,
such as products,
marketing,
materials and
techniques.
The

equipment

suppliers

also

think

that

their

own

performance could be improved by providing a more etfective atter
sales service, and not forcing their own products on to the
customers if they are not optimal. However, they do believe that
there is more room for improvement, within companies wishing to
automate, in their planning and formulation of corporate and
manufacturing strategies.
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Financing Advanced Manufacturing Technology
"The Money is available for financing AMT, but much of the
art of getting it lies in the preparation of your case."
(Rees, 1985)
Lloyds Business Advisory Service claim that the financial
institutions are cultivating a better understanding of the needs
of manufacturing industry .
Both Investors in Industry, and
ACARD, (1983), claim that the financial institutions are
reluctant to give companies the support they need, and tail to
take a long term view of AMT proposals. This accords with the
observation of short term accountancy attitudes within companies,
as described in sections 4.4 and 7.2.2.
During the research, four commercial clearing banks and two
development capital financing companies were visited.
The
original aim was to obtain an understanding for the types of
finance that are available to both the suppliers, and users, of
AMT, and the conditions which are attached. Discussions followed
a semi structured question format which raised issues about
company suitability, relationships, point of contact, and the
accounting information system which operated within the company.
Below is a review of the five different forms of finance
available to the manufacturers of ANT, accessory equipment and
the users. The comments made are based on the seven interviews
carried out in the summer of 1988.
7.2.1

POrmS and Sourc. of Pinlnc.

The representatives from the four clearinq banks said that
they did not differentiate between companies, or have any
prejudices. They also insisted that money was given (mainly in
loan form) to a company primarily on assessment of the borrower's
capability to service the debt.
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One of the interviewees claimed that, in the past (prior to
1980), these assessments were based on the companies' historical
financial performance. However, the bank, in general, was moving
towards placing greater emphasis on the company's "Business Plan
or Proposal" for the future.
This· is a general requirement,
rather than applying to specific claims about the new incremental
investment in AMT. The selection process is subjective, as the
banks have no firm criteria for assessing a company's suitability
for a loan, except on the basis of their historical financial
accounts.
Loans from the clearing banks are given to almost any
project, whether they are for new AMT equipment, a new building
or a company car. The banks give no special consideration for
AMT, as they admit to not fully understanding the technical
aspects, or the economic benef its.
Nei ther do they wish to
interfere with the internal operations of a client.
The clearing banks form their assessment on four main
criteria :
1.
The company's financial state and performance.
2.
The future "Business Plan or Proposal" of the company.
3.
Assessment of the management team, company operation and
structure.
4.
The company's point of contact with the bank.
The clearing banks, beihg commercial lending institutions,
have to make profit, to enable them to pay dividends to their
shareholders. In addition, the banks have to protect the money
of their depositors, who invest in the bank. This, naturally,
leads to a prudent, conservative strategy, and consequently the
banks will only lend money to "safe" clients. This applies to
both suppliers, and users of AMT. Therefore, the borrower has
to convince the bank that they can honour the loan. This process
is made easier if the borrower has been a "good" customer of the
bank for a number of years.

241

None of the banks have any formal guidelines or lists of
criteria, which a company must include in its "Business Plan".
The length of a "Business Plan" is expected to cover all aspects
of the company's business for at least the succeeding five years,
and taking into account the product range, proj ected sales
volume, markets and profit margins.
The main form of finance given by the clearing banks is
"Term Loans" which are commonly up to 10 years in length.
Interest charged on the loan is at the banks base lending rate
(alternatively the London Inter Bank Offer Rate), plus an
additional margin typically between 2-9%, which represents the
contingency for profit and the risk of the loan.
The legally binding agreement known as a "Loan Structure"
outlines :
1.
The interest rates to be used.
2.
Conditions for the overdraft facilities allowed to
compensate for short term changes in working capital.
3.
The financial performance criteria (such as the debt/equity
ratio) to be maintained, failure of which may lead to
termination of the loan.
The role of some merchant banks, such as "Charterhouse", is
to invest in so called "Mature", unquoted companies that are
making siqnificant profits (ie in the region of £O.lM - £O.2M a
year). The development capital is not a loan, but an investment
to enable the company to make a "quantum leap", for the building
of a new factory, product, or production line.
The criteria for assessing the suitability of a potential
client are the same as for those companies, who wish to have a
loan from the clearing banks.
However, greater emphasis is
placed on the "Management Team" and assessment of their ability
to implement and manaqe this "quantum leap".
Because the
investment is made into unquoted companies, the risk is qreater
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and the merchant bank may insist on representation on the board
of directors, and could insist on changes to certain personnel.
It is rare for the merchant bank to become involved in the
detailed operation of a company, its accounting and information
systems. The belief is that, once the bank has confidence in the
"top" person, then he will ensure that the correct codes of
practice are followed.
This form of finance could be appropriate to a manufacturing
company, who wishes to automate a section of its production line
to maintain competitiveness. In return, the merchant bank will
take a minority equity stake in the company, for which it will
receive an annual dividend, and potential growth on its capital.
However, this can only be realised when the company is bought,
or floated on the stock exchange.
Lease Purchase, (commonly known as Hire Purchase), is a form
of finance where the bank will purchase the fixed asset, and give
it to the company, in return for predetermined instalments. When
the contract is terminated the company will own the asset. The
difference from straight leasing is that the ownership of the
"goods" never passes from the lessor to the lessee.
The banks are able to tailor the repayment profile to suit
the customer's cash flow. However, it was said that only 5% of
customers take advantage of'tailored packages, which can take
account of their seasonal and cyclical cash flow fluctuations.
It is claimed that this reflects insufficient planning and
attention to detail made by the companies prior to making the
investment.
Lease purchase and leasing are competitive businesses, and
companies will frequently obtain quotations from several
financial institutions. This means that there is insufficient
time to study the company, its investment, and all the
consequences.
Consequently, assessment of a customer's
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suitability is made on the impressions obtained from the "point
of contact", and his knowledge concerning the proposed
investment, and the company I s financial accounts for the previous
2-3 years. Lease and lease purchase are generally short term
finance options, and, as a result, it is rare for a company to
have a long term strategy to lease.
In leasing, the bank owns the asset and claims the capital
allowance that accrues from ownership, which, in turn, reduces
the corporation tax paid. The benefits of capital allowances can
be passed back down to the customer. When a company leases a
piece of machinery, the bank has to ensure that it is able to
recall the asset.
Therefore, a common proven asset is more
likely to be leased, than a unique asset. The actual saleability
of the asset is often. reflected in the interest rate charged.
No AMT had been leased although some computer controlled
equipment had been. Despite being feasible, under the existing
banking "culture", large AMT investments are unlikely.
venture Capital companies will invest in companies who are
inventive, and wish to develop their ideas into new products.
They are usually small manufacturers , with opportunities for
quick growth. However, there is also a high risk of failure.
Where possible, venture capital companies try to concentrate on
developing an image in a particular area, or sector of an
industry. Thus, Baillie Gifford Technology invest exclusively
in high technology inc1uding'Software (such as TOP, MAP, AI) and
various hardware. This form of finance could be appropriate for
the manufacturers of advanced manufacturing technology.
The process of assessing a company's suitability for venture
capital is very similar to that of the merchant bank, where the
emphasis is put on the ability of the management team to manage
change, and achieve quick growth. venture capital is usually
long term and invariably costs considerably more than the initial
proposal.
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7.2.2

company's Accounting Practices
"Most companies still use the same cost accounting and
management control systems developed decades ago for a
competitive environment drastically different from that of
today."
(Kaplan, 1984)

The major problem is that accounting conventions refer to
allocating overheads to direct labour hours.
Section 5.1
illustrated how the diminishing number of direct labour hours
undermines the traditional accounting practice and procedures.
In addition, Kaplan believes that the accounting systems have not
evolved in relation to the changes in manufacturing industry.
This means that the exclusion of critical, non-financial aspects
of manufacturing leads to an inadequate reflection of the value
of a company.
In chapter 5 discussion centred on the changes that are
taking place to the resources within a manufacturing system,
illustrating many of Kaplan's points. In his conclusion, Kaplan
states that :
"Today' s global competition requires that
measures - on quality, inventory levels,
flexibility, innovation, deliverability, and
used in the evaluation of a company's
performance."

non-financial
productivity,
employees - be
manufacturing

The problem with the existing accounting systems is that
they are entrenched within a company's culture, and that the cost
of implementing a new system would outweigh the benefits.
Therefore, Anson, (1985), believes that the best way to tackle
the problem is to educate the users of the accounting information
into the limitations of the data and systems. This way, managers
are able to use the information as a "tool" for decision
preparation and not for actually making decisions. However, this
does not overcome the fundamental flaws in the accounting
systems, and further increases the resistance to change, as
referred to in section 4.4.
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The quality of any report depends upon the quality of the
information available at the time.
The financiers will not
interfere with the company's own internal accounting system, as
long as they have confidence in the "point of contact".
Therefore, to a large extent the financiers do not appear
to worry about the methods adopted for calculating the value of
assets, (which can be greatly affected by the company's approach
to valuing AMT and its software). What is vital, is that the
company, (with the agreement of the auditors), are consistent in
the methods and procedures they adopt.
It is felt by the
financiers that the quality of the Accounting Information System
(AIS) is influenced by the management "team and finance director,
and that they will determine how factors such as intangible
assets are accounted in investment appraisals.
7.2.3

The Validity of Corporate Reports

The present day methods of accounting have evolved over the
last century and are based on rigid rules, procedures and
conventions.
They were most appropriate to large labour
intensive companies, which were prevalent at the beginning of
this century.
The vast difference in company structures and
accounting methods has led MCMonnies, (1988), to conclude that
the balance sheet and profit & loss statement are outdated and
do not portray economic reality.
The methods used to derive the corporate accounts, and the
information shown in financial performance indicators, will
determine the validity of the data.
In the preparation of
company accounts there is no consistency in the valuation of a
company's assets. FUrthermore, there is no indication given on
the economic environment or performance relative to other
companies. This, along with the fact that private companies do
not have to publish their accounts within 10 months (7 months for
public limited companies, 1976 Companies Act) from the end of
their accounting period, means that the corporate accounts are
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historical. Th~S, along with dubious methods for recording other
information, means that corporate accounts are generally
secretive, and do not portray an accurate picture of a company's
trading position or worth, or of particular technological changes
and achievements, such as the development of AMT systems.
A representative of the EITB believed that the quality of
corporate accounts depended to a large extent on the quality of
the HIS in operation. Concerning the three performance measures
for production (outlined by Goldratt, (1985», throughput should
be increased, whilst inventory and operating costs are reduced.
The dilemma is that, although the aim of production is to
decrease inventory, there is no incentive in the accounts, as
inventory is classed as an asset.
Similarly, management
accountants may wish to calculate and moni tor machine
utilization.
The problem is that high utilization is often
associated with high efficiency by taking advantage of economies
of scale, but may also increase inventory.
Therefore, companies have to decide which method of
accounting best suits their business and manufacturing process.
Of the four accepted methods for valuing assets and liabilities
of historical cost, current replacement cost, economic value and
current Net Realisable Value, (NRV), Chamber & sterling favour
the latter (McMonnies, 1988). The reason is that it has the
additivity property, and uses current selling price, WhiCh the
historical cost method does not.
In investment appraisal, both accountants and engineers
accept that, on balance, the net present value is the most
appropriate method.
However, the subjectivity of estimating
future costs and benefits, and uncertainty due to the risks
involved, means that it cannot pass the so called "reality" test.
The net realisable value does not involve estimating future costs
of replacement equipment, which may not be required, and is
subjective at the time of the accounts.
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It has been shown that the accounting procedure adopted can
influence, to varying degrees the figures incorporated in
financial accounts. However, the information is of some value,
if not consistent from one company to another. It is for this
reason the research did not place too much emphasis on published
financial data to assess the relative position of each of the
surveyed companies (see Appendices VI, VII and VIII).
Snmmary

The research has highlighted the importance of financial
managers becoming aware of the cash flow requirements of AMT, and
the free flow of information. There also needs to be a much more
flexible
approach,
especially
within
the
more
rigid
organisations, to capital expenditure budgets. This is because
most integrated manufacturing systems are often interdepartmental.
It is therefore important for budgetary systems not to
departmentalises the company and maintain barriers between them.
For effective use of company financial resources, capital
expendi tu re programmes should be allocated on a company wide
scale. This will aim to optimise the whole system rather than
optimising the sub-systems.
The implementation and operation of AMT into British
manufacturing industries must remain in the control of the
individual company. The company management must maintain all
responsibility for its payment, and ensure that the correct form
of finance is obtained. It has been illustrated that there are
many forms of external finance available, but the most
appropriate one for a company is unique and will depend mainly
on the financial structure of the company.
To some companies the attraction of one form of finance over
another is the tax implication. It is the role of the company
accountant to decide on the most appropriate form of finance.
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For instance, it may be profitable for a company to lease in the
early part of the year, and lease purchase in the latter part of
the year. This is because there are different tax allowance
arrangements for the different forms of finance.
The key features, which require
suppliers and users of AMT, are
1.
2.
3.
4.
5.
6.

special

attention by

Company's suitability for funds.
company's point of contact with the financiers.
Company's past performance.
Company's accounting and management information system.
Financier's attitudes towards automation.
Financier's attitudes towards the validity of corporate
reports.

It would seem that the lack of long term management by some
financiers (with the exception of Development Capitalists and
Merchant Banks) merely compounds short term thinking in the
company.
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The Trade Unions and ANT
People and their skills (as shown in section 5.2) are an
important attribute to any company and, ultimately, it can be
argued, determine the success of the business.
They are the
resource that plans, installs, commissions and operates any
change, whether it is in the form of advanced manufacturing
technology (AMT), or JIT stock control systems. People provide
the vi tal interface between the production plan and the operation
of the machinery.
It has been regarded as natural for the employees of a
company to group together to form Trade Unions. Traditionally,
in large labour intensive manufacturing industry, this was
encouraged by the management, inorder to separate the workforce
into smaller and more manageable units.
In much of British
Industry, the Trade Unions were established to improve, or at
least protect, the "pay and conditions" of their members.
Furthermore, the Trade Unions have been the only formal
negotiating link between the employees and the management of the
company.
Therefore, any implementation of AMT has to have the
acceptance of the company employees, and the trade union. The
potential importance of this link in the eventual success of AMT
warranted further investigation. Consequently, four interviews
were arranged with regional, 'and national trade union officials,
who represented employees from companies adopting AMT. The aims
of the interviews were to establish :
1.
2.

3.

How the trade union members were affected by the
introduction of new technology.
were
guidelines
given
to
the
What
trade
union
representatives by their union when negotiating for the
introduction of new technology.
How the trade unions communicated and collaborated with
management, in these circumstances.
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4.
5.
6.

7.3.1

What the trade union's could offer the management of a
company willing to develop automated plants.
How the role of trade unions is going to change in the
future.
What the trade unions opinions are towards the government,
redeployment, job losses, and the services it provides to
its members.
The British Trade Unions

The most quantitative data available on trade unions
concerns total "payed up" membership and the total number of
Trade Unions affiliated to the TUC. Data from 1895 to 1986 is
displayed in Appendix XIX. The notable features are discussed
in Appendix XIX along with the general public's impressions of
the Trade Unions.
The trade unions officially welcome the introduction of AMT
as it illustrates a company's willingness to invest in its
future.
Indeed the TUC has persistently argued in its
"Alternative Economic strategy" published in the late 1970's of
the low level of UK investment relative to our overseas
competitors, (see figure 2.4(8». The trade unionists believe
that Manufacturing Industry is critical to the wealth of the
nation, and that a high level of investment is required.
The posi tion of the STUC is that new technology should
enhance the working conditions of its members.
It should,
initially, be implemented to replace the most hazardous jobs,
even though these may not necessarily be in the areas of greatest
operational benefit or profit to the company. In automating, the
trade unions accept that, in most cases, the number of direct
workers employed on a particular j ob may fall.
This is an
acceptance that AMT and operating systems are innovations, which
extend the utility of the resources discussed in chapter 5.
Therefore, in representing their members, the trade unions would
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like the manpower resources to be transferred by one of two
mechanisms :
1.
2.

the company should retain the employees and deploy them in
a different job, or
the government, on a national basis, should take on the
responsibility to create new jobs in the remaining labour
intensive industries to counter balance those lost in
manufacturing industries as a result of automation.

The trade unions would like their members to benefit
directly from the introduction of new technology and procedures,
but in the acknowledgement of severe competitive pressures their
fall back position is that nobody should be worse off.
The
actual negotiations are left to the individual trade unions and,
indeed, to the union representative within the company. It is
on this level, where there are differences between the trade
unions.
The introduction of automation has had little influence on
trade union policy. It is usually categorised under "changes"
due to the introduction of "new technology", which have been
ongoing. The precise "changes" or the technical aspects of "new
technology" are not of primary importance.
The trade unions had little common ground with the present
Conservative government, who, since 1979, have introduced five
"Acts of Parliament". This was an attempt to make the trade
unions more democratic, less politically active, collectively
less powerful and more accountable to their members.
The first was the "Employment Act 1980", which provided payment
for secret ballots on the company's premises, and outlawed
secondary picketing. This was broadened in the "Employment Act
1982", which referred to the issues of "unfair dismissal", and
"trade disputes". The main Trade Union Act came in 1984, which
compelled the individual unions to hold secret ballots prior to
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taking industrial action, and for election of certain office
bearers. This was further amended in the "Employment Act, 1988".
Too often, in recent times, trade unions have been more
interested in stubbornly protecting the positions of their
existing members, rather than increasing their overall membership
by finding new employees.
This was highlighted, by Ford's
decision in 1988, not to build an electronics components plant
in Dundee, which would not only have created 500 jobs directly,
but also a further 500 in associated industries, most of whom
would have become trade union members. The products to have been
manufactured were the new electronic gadgets that a more affluent
European consumer is requesting in its motor vehicles.
This
illustrates some of the difficulties for multinational companies,
who are thinking of developing new manufacturing sites, based on
advanced machining and production methods, in the UK.
Many trade unions have signed so called "single union
agreements" with companies, who have built new manufacturing
plants in the UK.
This is in conflict with traditional trade
union rules, which state that any trade union is free to have
representation within a company. If there are any conflicts then
these are to be resolved by the respective TUC or STUC
arbitration committees. This procedure was agreed by the trade
union affiliates at Bridlinqton in 1938.
The failure of the
EETPU to abide by the jurisdiction of this committee's
recommendations ultimately l~ad to their expulsion from the TUC
in 1988.
The EETPU claim that the TUC rules are outdated and
restrictive, and that they have not modernised their policies,
(Beresford, 1988). Many of the traditional trade unionists claim
that the EETPU has abandoned members' fundamental rights to
withdraw their labour (Harris, 1988). The Economist, (1988), and
wickens, (1987), support the EETPU in believing that single union
representation, as adopted at Nissan in Sunderland, is "setting
the example and the pace for the remainder of British industry".
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7.3.2

Trade Union Representation in the Companies SUrveyed

Three of the twenty companies surveyed during the research
did not have trade union representation. These companies were
light engineering manufacturing plants owned by N. American
companies, and had personnel departments which carried out the
functions of a conventional, non-pol i tical trade union.
One
other overseas owned company had a single union agreement, whilst
the remainder all had multiple union representation.
No trade union leader interviewed disputed the importance
of the relationship between their local representatives and the
company management. They all said that each company management
was different, and covered the whole spectrum from "good" to
"poor". The trade unions believe that they should be given more
information more often. To secure their understanding and long
term support, management must be more forthcoming in revealing
their short, medium and long term plans. Then, when there is a
specific development such as the introduction of new technology,
there should be separate consultations covering the reasons for
automating, along with the economic and manpower implications.
Meetings should also take place to discuss quality (eg "quality
circles"), performance measures, business updates and forecasts.
with this level of conSUltation and information, the
management should prepare their employees for perceived changes
to working hours, working practices and manpower levels. The
EETPU called this process "Attitude Training", and it is now
common in "high tech" and overseas controlled companies. It is
also said that a good union/management relationship enhances
employee satisfaction, and gives them a sense of "belonging", and
being an integral part of the company.
The dilemma for the management team is that they know
industrial relations is a tactical key to the success of any
project. They realise that information is the way forward, but
that too much information can rebound, and have repercussions on
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morale and possibly lead to further demands.
This is due to
trade union officials trying to probe management, looking for
areas of unpreparedness and ignorance, which can be exploited.
The management also believe that many trade union meetings are
time consuming and bureaucratic.
7.3.3

Trade Union Issue, and ANT

Lord Murray, the former General Secretary of the TUC,
summarised the issue of new technology with the following
statement
"The impact of new technology on employment in the 1980',
is one of the biggest challenges facing not only trade
unions, but our industry and society as a whole. But in
some respects our message is a simple one. It is not just
a question of accepting the new technology or of fighting
it.
The issue is how we can maximise its benefits and
minimise its costs, and ensure that its benefits are
equitably shared."
(TUC, 1981)
The "TUC Education" department sees the introduction of new
technology as being inevitable, and the trade unions would be
"luddite", if they tried to resist it. This, naturally leads,
the trade unions into a dilemma. If companies do not invest in
new technology, then there is a chance that all jobs will be lost
in the highly competitive international environment.
One of the main policy.issues between the trade unions is
that of their members' trade-training. The AEU, along with most
other unions, believe that it is the responsibility of the
government to provide the financial resources and facilities tor
training.
They would like to see an the expansion of the
Engineering Industry Training Board, (ElTB), and for training
boards to be established for every industrial sector.
Presently, the EITB directs its modular training courses
towards young and inexperienced people. The unions, in general,
feel that private and commercially operated training centres
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could receive government financial support, but would fail to
meet adequate standards, and not give "value for money".
In contrast the EETPU recognised that electricians' training
was not being properly conducted, and, in the late 1970' s,
decided to set up their own training centre. They felt that, as
a trade union they had a responsibility and an obligation to keep
their members up to date. There are now three training centres,
which are run on a non-profit making basis. The courses offered
are progressive, and will all lead to a recognised qualification,
such as "City and Guilds".
The national trade union administrators recognise that many
traditional trade skills will be made obsolete and therefore
representatives must negotiate strongly for new jobs and
retraining. Trade Unions are having to adjust to the changing
training patterns, away from industry-wide training, towards
company-specific training. This development according to Cross,
(1985) :
"is an attempt to move towards more cross trade craftsmen
which has for example increased merging of mechanical and
electrical jobs".
The companies, in which there were multiple unions, would
usually negotiate jointly as one committee (as illustrated in
section 5.2.1). This has created the situation, in which the
inter-union disputes and conflicts are settled first, which then
strengthens the unions' bargaining power as a whole.
Trade unions, who are not against change, or new technology
in principle, want to influence the way in which it is
implemented and managed. This is to ensure that "pay and
conditions" are at least maintained and that the workers have not
foregone previously obtained "rights", for example, visits to
doctors and dentists in company time, due to the adoption of
"flexitime" and "annual hours".
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Trade unions are very wary of the so called "multi-skilling"
practices required for the efficient use of AMT.
They are
worried that employees will be given responsibilities, for which
they have not been adequately trained, and financially rewarded.
The unions also see the employee flexibility agreements, as
described in section 5.2.1, as an attempt to break down skill
barriers and demarcation lines. These problems of companies
trying to control their unions are not new, as similar campaigns
were known as "productivity agreements", (in the 1960' sand
1970' s) •
Today, these situations are known as "flexibility
agreements It •
The trade unions, in general, do not like the creation of
small elite groups of workers to be formed, within larger groups
of employees, as this is said to create jealousy and resentment.
To this extent, union leaders try to persuade the management to
train a whole department or area, and to reward them financially,
even if there are only a few machines. The main difficulty is
to find an agreeable performance measure.
The trade unions claim that employee training is inadequate,
and that they are constantly taking the initiative to inform
management of such deficiencies. In addition trade unions have
"heal th and safety" representatives, who draw the company' s
attention to any dangers. However, AMT is accepted to be much
safer, cleaner, and less noisy, as it often has its own safety
guards and protection shields, which cannot be easily overridden.
This could be a role of the individual trade union, as, in
many cases, especially in the smaller companies, the trade unions
may be more aware of the training opportunities available than
the management. In addition the trade unions may also be more
aware of the specific problems of using machinery and visual
display units, (VDU's). They are also in a better position to
learn from the experience of their fellow trade unionists on the
introduction, implementation and implications of AMT.
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The trade unions, and particularly the Manufacturing,
Science and Finance Union, (MSFU), are wary of the additional
stress placed on their members by the use of computer technology,
and office automation.
This point is also made by (Morgan,
1984), who bases the reasons on the greater workload and
accountability measures applied to each individual employee.
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Summary

The management and the employees (whether represented by a
trade union or not) of a company should communicate regularly,
on a general basis concerning company business, with a view to
fuller participation in proposed changes to operational
practices.
Management has to convince the employees of their creative
roles,so that they feel part of the company and share in its
strategic aims and objectives. The implementation of a project
network should include time scales for the introduction of new
working rotas, working practices and training.
Brown, (1986), foresees the 1984 Trades Union Act as
bringing more formality and discipline to union activities. He
also believes that sustained economic growth is unlikely to alter
the fragmentation of the union movement born of changed
employment practices.
The recent trends in payment methods by salary systems,
training, and job evaluation schemes, which focus attention on
initial pay differentials, rather than on external pay
comparisons and employment structures, pose major organizational
problems for trade unionists. Individual members, who are more
enterprise orientated, endorse company packages of working
practices and technological innovation in return for job
securi ty • This atti tudinal change of some trade unions and their
members will exacerbate inter-union rivalry especially around the
manual/non-manual divide.
In the last decade there have been three distinct factors
which have affected the trades union movement on a national
basis. These are :
1.
2.
3.

Government Employment Acts since 1979.
Single Union Agreements.
Expulsion of the EETPU from the TUC in 1988.
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7.4

Government Involvement in

ANT

The most influential factor on the business system is the
position and stability of the nations' economy and government.
Politically there are many different aspects, in which the
government can influence a business' trading position. The state
of the UK economy was described in section 2.4, whilst the
general governmental issues are discussed below.
This section looks in detail at the government legislation,
and industrial support schemes which are applicable to the users
and suppliers of AMT equipment. There is also discussion on the
role of financial and AMT conSUltants.
7.4.1

Government Legislation

The DTI and the grant distributing authorities have to work
within the guidelines of government legislation. The Science and
Technology Act 1965, and revised in 1978 allowed:
"further provision with respect to the responsibility and
powers in relation to scientific research and related
matters of the Secretary of State, the Minister of
Technology and certain chartered bodies and other
organisations ••• "
This charter established the Research Councils with the
Science Research Council responsible for:
"the carrying out of scientific research, the facilitating,
encouragement and support of scientific research by other
bodies, and of instruction in the sciences and technology."
The Industrial Development Act 1982, allowed the Secretary
of State to designate areas with particular employment,
population migration, and regional problems for special
assistance. There were two categories:
a development area,
(a)
and (b) an intermediate area.
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The significance of the development area was that the
companies were eligible for a 22% Regional Development Grant, for
providing new machinery (such as AMT) or plant, for use in
qualifying premises. Those in an intermediate area were eligible
for a 15% grant. The surveyed companies, within the assisted
areas, had taken advantage of the scheme. However, as a result
of greater investment since 1984, (see section 2.4) the
government has imposed greater constraints on the "qualifying
premises" •
FUrthermore, there could be additional financial assistance
for industry if the Secretary of State believes :
"(a) the financial assistance is likely to provide,
maintain or safeguard employment in any part of the
assisted areas, and,
(b)

the undertakings for which the assistance is provided
are, or will be wholy or mainly in the assisted
areas."

The purpose of giving selective financial assistance for
industry in assisted areas is to :

.

.. 1..

promote the development or modernisation of an industry.

ii.

promote the efficiency of an industry.

iii. create, expand or sustain productive capacity
industry, or in undertakings in an industry.

in

an

iv.

encourage the growth of, or the proper distribution of
undertakings in an industry.

v.

encourage arrangements for ensuring that any contraction of
an industry proceeds in an orderly way."

It is clear that the motives and intentions are aimed at
improving British industry, especially in the assisted areas.
However, grave problems remain, as government assistance to
British and overseas companies has not prevented their closure
or maintained workforce levels, (including sample company 19).
Indeed, special financial assistance given to large multinational
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companies to establish manufacturing bases in Britain's assisted
areas, has serious implications on the indigenous companies.
The assistance will only be given on the basis that :
"Ca) the financial assistance is likely to benefit the economy
of the UK, or of any part of the UK.
(b)

it is in the national interest that the financial
assistance should be provided on the scale, and in the form
and manner proposed, and,

Cc)

the financial assistance cannot, or cannot appropriately be
so provided otherwise, than by the Secretary of State."

However, comparative analysis on the regional variations in
unemployment between 1975 and 1987, show that there has been
little change.
The correlation figure in excess of 0.9
illustrates that those areas granted "Development Area" status
in 1975, remain the regions in need of greatest assistance. This
is in contrast to the US. which had a correlation coefficient of
-0.2 (Economist, 1989).
Government Support Schemes
The consequence of the Industrial Development Act 1982, was
the "support for Business" scheme from the OTI, which ceased in
1986. There were four sections to the scheme :
i.
ii.
iii.
iv.

support
support
Support
support

for
for
for
for

Business and Technical Advisory Services.
Innovation •.
National and Regional Investment.
Export.

The Support for Business and Technical Advisory Services
allowed companies to have 15 days of consultancy in products and
processes, and new technology feasibility studies, for which the
DTI would pay 75%, up to a maximum of £2,500. By the end of the
scheme over 3,600 studies had been completed at a total value of
£9M.
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Under the support for National and Regional Investment there
were three schemes, where assistance could be given to those
companies adopting AMT.
1.

2.

3.

Grants for Maj or Proj ects
given for selected maj or
projects of an exceptional nature involving new investment
of at least £500,000.
Grants for New Technology Implementation Studies and
Demonstrator Projects : 50% grants given for studies into
the implementation of AMT.
Grants for New Technology Investment Projects : 20% of
capital investment given to projects involving production
and design of advanced electronic products, which possibly
require CAD systems.

In addition, companies in the special assisted areas could
obtain Regional Investment Support and grants from the European
Community. Those companies (88 in total when the aid ceased in
1988), who obtained the grants for the major projects became
"Demonstration Firms".
The IMechE coordinated a scheme of
arranging visits and seminars at each of the sites to promote the
awareness of AMT to other industrialists. The AMT feasibility
studies and implementation studies were coordinated by the NEL
in East Kilbride.
The "Support for Business" programme was replaced in January
1988 by the "Enterprise Initiative", which gives particular
emphasis to the small company (less than 200 employees), and to
the single European market in 1992.
The scheme begins with a DTI Enterprise Counsellor
discussing the business with the contact, who mutually agree a
consultant to conduct a "Business Review". The Business Review
will identify a particular problem area of the company, which
will fall into one of the following categories.

263

TaJ)le 7.4
Coordinators for the Government's "Enterprise Initiative"
Initiative

Coordinator

1.

Marketing

Institute of Marketing.

2.

Design

The Design Council.

3.

Quality

Salford University Business
Services Ltd

4.

Manufacturing

PERA.

5.

Business Planning

3I Enterprise support Ltd.

6.

Financial and
Information Systems

3I Enterprise Support Ltd.

7.

Regional

DTI.

8.

Export

British Overseas Board of Trade

9.

Research and Technology

Universities, Polytechnic, and
Research Laboratories.

10. Business Education

Regional Technology Centres.
SERC Teaching Company Scheme.

The DTI will pay half the cost of up to 15 man days
consultancy, and two thirds for thos~ located in assisted areas.
Its purpose is to encourage small companies to use the
consultancy services, and .collaborate with educational and
research establishments.
In addition, the DTI is providing
companies with a range of "support services", where information
can be attained on Business, Companies, Technology and Science,
and Patents.
One of the projects undertaken by the Science and
Engineering Research Council, (SERC), in 1974 was the "Teaching
company Scheme". Five of the surveY,ed companies had participated
in the scheme and all held it in high esteem. The scheme is
funded jointly by the SERC and the DTI, and aimed to facilitate
the transfer of expertise from educational institutions to
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industrial firms, and the transfer of experience of industry to
the lecture theatre.
In 1981, a £2M budget funded 46 programmes and, by 1988,
support of £llM was provided for 345 programmes.
Dalrymple,
(1988), outlines one such scheme, which developed a computerised
Manufacturing contract Planning and Information System, at a
jobbing contractor in the heavy engineering sector, which lasted
four years. The proj ects have covered a broad spectrum of areas,
from the development of Management Information Systems to the
implementation of all forms of ANT.
In most cases the objectives of the scheme (outlined below)
have been achieved, but Dalrymple believes the work undertaken
must constitute an integral part of the company's strategic
development plan, and therefore enjoy the support of top
management.
The objectives of the scheme are
i.

to raise the level of industrial performance by effective
use of academic resources,
ii. to improve manufacturing and industrial methods by the
effective implementation of ANT,
iii. to train graduates for careers in industry,
iv. to develop and retrain existing company and academic staff,
v.
to give academic staff'broad and direct involvement with
industry to benefit research and enhance the relevance of
teaching.
In 1948, the National Research Development Corporation,
(NRDC), was established to commercialise ideas and inventions
from British Universities. The NRDC was to bridge the gap, and,
by the 1960's, was funding projects within industry. This form
of finance, more commonly known as venture capital, is discussed
in section 7.2. Then, in 1980, the NRDC was merged with the
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National Enterprise Board, (NEB) , to form the British Technology
Group, (BTG).
The BTG is the largest technology transfer organisation in
the world.
It takes ideas from research establishments and
protects them, usually by patent on a world wide basis. It then
exploits the ideas by licensing them to industry. Their unique
role could be attractive to the suppliers of ANT equipment, who
do not have the resources to manufacture their product.
In addition, the BTG may provide finance to the
manufacturing company, in order to purchase the equipment
necessary to produce the product. This may be investment into
AMT.

7.4.3

National Gov.rnm.nt Polici.s

It is inevitable that government policies will influence
British companies and the rate of technological diffusion.
section 2.4 discussed the trends of some of the main national
economic indicators. since government policies have a direct
impact on the indicators, then they have an indirect influence
on the manufacturing industry.
The government can assist
companies more directly by providing grants and subsidies to
companies, as described in the previous section.
section 4.4, showed that, given the standard criteria for
accepting investment appraisals for projects, most of the eight
models in the NEDO report would not have been carried out. They
were implemented only wi th the assistance of the government,
through an ANT initiative sponsored by the DTI.
From 1982
through to 1985, the DTI provided up to 33% of the cost. Since
1985, applications for grants became so high that tighter
constraints on eligibility were imposed, and the grant reduced
to 20%.
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The initial benefactors were the larger companies who were
more aware of the technologies at the time.
One of the
conditions of the grant aid was for the adopting company to
assist the equipment suppliers with the development of the AMT.
Then, when the AMT had been implemented, the so-called
"Demonstration Firms" were obliged to allow potential purchases
to look at, and discuss the installation and implementation
problems.
Most of the companies surveyed believe that, without
government assistance, many AMT projects would not have been
installed. In addition, they believe that the government should
have continued with the AMT initiative, especially to assist the
smaller companies.
Indeed, the overall assistance given to
industry per employee is small compared with the support given
to agriculture. The ratio of government support to the GDP for
the sectors of manufacturing and agriculture are 0.021% and 0.65%
respectively ACARD, (1983).
One other common theme to be expressed by the top managers
of the companies was the notion that the government should assist
and coordinate a national Research and Development centre. The
reason is that R&D is an increasingly expensive resource, and
companies spend too much time duplicating work. Therefore, "UK
R&D Ltd" would be responsible for :
1.
2.
3.
4.
5.
6.
7.

development of new materials,
identification of the needs of industry,
assistance in developing new markets,
incorporating knowledge from industry, universities, and
research laboratories etc,
development of new manufacturing equipment,
promoting common standards <eg electrical),
encouraging the Manufacturing Automation Protocol, <MAP),
to promote and ensure machine compatibility between
equipment suppliers.
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7.4.4

European single Market

The European Economic Community, (EEC), in 1957, established
what has commonly been known as the "Treaty of Rome".
This
foresaw Europe becoming a single trading unit.
The Single
European Act, (SEA), was signed, on the 1 July 1987, by the
twelve member nations and will become operational on 31 December
1992.

The SEA will allow the free movement of goods and equal
competition by :
i.
eliminating all trade tariffs,
ii. eliminating quota restrictions,
iii. imposing common technical standards.
The EEC will have a total population of 320 million, nearly
the same number as the US and Japan combined. It is hoped that
the single market for goods and services will reduce business
costs and stimulate increased efficiency, and therefore encourage
the creation of wealth and jobs.
The EEC is by far the UK' s largest export market.
Its
importance is increasing. In 1972, the eleven other countries
took 33% of UK exports, ten years later the figure had increased
to 44%.
In all, OK exports of goods to the community totalled
£39 Billion in 1987. Other member states now account for 54% of
imports, compared with 36% in 1972. Further details are given
in OTI publications.
The SEA will provide an opportunity for British companies
to export their products more easily and reduce the number of
variants they have to make. However, they will have to meet the
EEC technical standards and compete on an equal basis with the
other eleven nations. This emphasises the need for companies to
be competitive through cohesive strategies and efficient
manufacturing systems.
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7 ••• 5

consultants

In December 1986, eight AMT consultancy companies were
approached to see if they were interested and willing to
cooperate in the research.
Five replies were received, each
expressing an interest, but only two were willing to cooperate.
General discussions took place, with a transfer of ideas, but
without any quantitative data. Both the consultants said that
they were under obligation not to reveal their clients names, or
financial and operational details.
The consultants believe that there is a so-called
"Technology Fix" in much of British industry.
This is the
situation where the company believes that the solution to any of
its problems is to automate. The consultants are sceptical of
AMT because of the large number of problems they cause.
This work has shown that AMT alone is not the solution and
that a broader systems approach is needed. The consultants think
that many British companies are unable to formulate cohesive
corporate strategies, which encompass their business as a whole.
They also believe that there must be more pressure from the
larger companies to enforce the MAP and for the national
government to provide more direct grant aid for AMT
installations.
The government is prepared to pay 50%, up to a maximum of
£2,500 for an AMT feasibility study to be carried out in a
company.
Companies take advantage of the scheme for second
opinions and additional advice gained on the cheap.
The problem of businesses' scepticism arises from the fact
that companies expect too much from the consultants, who are
rarely familiar with the industry, company's products, processes
and procedures.
The difficulties are exacerbated because
consultants are not responsible for the advice they give,
although they have a reputation to build and maintain.
269

Summary

Company management are sceptical of :
1.

2.

3.

4.

AMT equipment suppliers, to whom much trust must be given,
because they are purchasing new, sometimes revolutionary
systems.
Financiers, who preserve their own traditions, procedures
and systems, and are more intent on insuring themselves
against "bad debtors" than with positively assisting
manufacturing industry.
Trade Unionists, because of the uncertainty of the actions
they may take.
However, recently their power has been
diminishing, as a result of government legislation, and a
sense of realism, as both managers and employees see the
necessity of partnership.
The Government, attempting to tell the managers how to run
their business.
To this extent, the government should
confine itself to politics, and provide the economic and
social conditions, in which a company is able to compete
fairly.

The chapter has highlighted the need for management to
employ a systemic and scientific approach to their business as
outlined in chapter 2.3.
It shows how management have to be
involved in, and aware of both the internal and external
influences affecting the business.
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CHAPTER 8

RESEARCH PINDING

AND

EMPIRICAL MQDEL

Chapter 8
Research rindings and Bmpirical Hod.l
Initially, the main research findings are reviewed. This
is followed by a concluding section, in which each of the
original hypotheses is assessed and commented upon individually.
As a result of the research findings and conclusions, a 10 point
model for the strategic and tactical management of AMS has been
constructed. These points provide the thesis recommendations.
Finally, ideas for further research, to follow on from this
thesis, are discussed.
The research findings have been divided up into sixty four
paragraphs.
Each individually numbered paragraph has been
categorised into one of thirteen sections. The sections relate
to the thirteen non-general hypotheses.
Furthermore, each
paragraph is cross-referenced to the appropriate set ion or subsection in the main text. Appendix XXV gives a summary matrix
of the link between each summary paragraph in the main text of
the thesis.

L..l

Snmmary of Res.arch rinding,

Justifying and linlDcipg of ANT
1.
The largest single obstacle to the diffusion of AMT seems
to be traditional company investment appraisal techniques.
Restrictive criteria and methods are adopted that are
unrepresentative of the true costs and benefits of the project
to the company as a whole. Antiquated accounting procedures are
one reason, along with the unsuitability of many management
information systems to provide reliable, timely and accurate
data.
[Sections: 4.4.4, 7.2.2]

273

2.
In appraising investments the costs are always overestimated, whilst the benefits have usually been under-estimated.
[Sections: 4.4.2, 4.4.3]
3.
The financial institutions, not surprisingly, were most
prudent in their assessment of a company's overall suitability
for finance. They insist on all potential clients submitting a
"business plan" for assessment by the institutions.
This, in
some respects, forced companies to think of the future, but the
banks' final assessment is based on traditional historical
information obtained in the annual accounts, and the ability of
the company to repay the loan. However, the specific assessment
of AMT was not a priority for the loan institutions.
[section
7.2]
4.
The employees and analysts of the financial institutions
were generally unaware of how the benefits of AMT could influence
the company's performance. This accords with one of the reasons
why it is difficult for a company to persuade financial
institutions to invest in high capital projects, which have long
payback periods.
However, there are many forms of finance
available, and each company has to analyze the most appropriate
for the investment, and the company overall. External finance
is only considered when a comprehensive "business plan 11 is
produced, and the bank is convinced that there is a competent
management team capable of implementing the plan.
[Section: 7.2]
5.
One of the main deterrents to the diffusion of AMT in UK
manufacturing industries are the archaic accounting practices and
procedures. Those companies, who have adopted large quantities
of automation, have taken strategic decisions that, in many
cases, have over-ruled the results of formal investment
appraisals.
The research has also found that the criteria
included, and methods adopted, were frequently inappropriate for
the investments being proposed.
[sections: 4.4, 7.2.2]
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6.
In addition, corporate reports do not portray an accurate
picture of a company's trading position. The value of assets are
not adequately reflected, and work in progress is not discouraged
as it is classed as an asset in the balance sheet. Together the
accounting practices and reporting procedures undermine the true
value of AMT to a company.
The annual accounts have no
obligation to incorporate a statement on the aims and objectives
of the company. This promotes short term thinking at the cost
of strategic planning and full system re-design.
[Sections: 7.2.2, 7.2.3]

Planning for the Implementation of AKT
7.
Comprehensive development plans, which have clear and
measurable aims and objectives, and are accessible to all the
employees, appear infrequently. The contents of the plans do not
include all investments and proposed changes, including ANT, and
are not updated an a regular basis.
The plans are usually
devised for isolated installations, and not for a linked series
of investments. This is because managements have underestimated
the time and resources required to formulate them, and sometimes
believe that they are unnecessary.
[Sections: 4.1.1, 4.1.2, 4.2.1, 5.3.3]
8.
For the larger investments, proj ect leaders have been
appointed from within the company. The size of the proj ect team
is dependent upon the investment, and the effect it has on the
other business activities. Team meetings are most frequent in
the early stages of the project: this is a 'reflection of the
number of problems, and procedures that have to be solved. In
practice, problems have arisen due to the lack of 11 in-house 11
technical expertise, and inexperience of implementinq AMT and
complementary systems. However, on subsequent proj ects, the time
taken, and the number of meetings, has been reduced.
[Sections: 4.1.2, 5.2.3, 5.3.4]
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9.
The proj ect team discusses, and provides solutions to a
number of strategic and tactical problems, regarding the
implementation of AMT.
The team may discuss the operational
tasks raised independently, but rarely in terms of an over riding
cohesive strategic and tactical plan. Those companies, who have
undertaken several AMT projects, now recognise the need for a
strategic plan or policy, which can be applied to successful
investments.
[Section: 4.1]
10.

The key strategic decisions regarding AMT include
i.
Timing of the implementation.
ii. Quantity of Automation to be installed.
iii. Choice of supplier (or integrator).
iv. Number of modifications or adaptations.
v.
Purchase of a "Turnkey" system.
vi. Role to be played by outsiders such as consultants.
[Sections: 4.1, 4.3]

11.

The key tactical decisions regarding AMT include:
i.
Who will be trained.
ii. How much training will be carried out.
iii. Where the training will take place.
iv. Who will operate the equipment.
v.
When will the system be installed.
vi. What additional facilities will be required.
vii. What service contracts need to be negotiated.
viii. What back up services need to be maintained.
(Sections: 4.1, 4.3]

12. The rate of technological diffusion and successful adoption
can be improved by learning from the pitfalls and difficulties
experienced in previous installations, and from other users. Few
companies analyze other company's investments, or the experiences
and implications these companies had encountered.
Thus the
lessons and consequences of the production systems are not

276

properly relayed to their own business activities, prior to any
implementation.
[Section: 5.1]
13. The formation of strategic plans is essential, if investment
into AMT is going to be a success. The sample companies are
beginning to understand the need for business strategies that
focus on the strengths and resources of the company. only a few
people within the organisation are aware of the future plans for
their company. Quantifiable aims and objectives, for the sample
companies, were also rare and not known to all the management and
employees.
[Sections: 4.1.1, 5.3.3]
Managing the Process of selecting the most Appropriate ANT
14. The adoption of formal scientific management techniques,
such as method study and value analysis, for the identification
of those areas in need of change for automation is uncommon.
[Sections: 2.3, 4.1.3, 4.1.4, 4.1.5]
15. Writing an AMT equipment specification is not an easy task
for a small company, especially when the machinery required is
an adaptation of a basic model, designed elsewhere, and with
which the company is unfamiliar.
[section: 4.3.2]
16. Often companies adoptinq AMT for the first time, have not
fully appreciated the capabilities, implications, costs and
benefits of AMT until they have actually experienced the
implementation. This is because each company has its own unique
combination of activities, inter-functional relationships, and
attributes. However, in subsequent investments, the implications
are better understood, even though the actual accounting
appraisals remain the same.
[Section: 4.4]
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17. There is some evidence to suggest that the level of
automation adopted depends upon the position the production has
reached on the product life cycle curve.
6.3.2]
[Section
18. The research has been unable to provide quantitative
evidence to support the idea that actual generic product lives
are lengthening, whilst the product life cycle of the model is
shortening.
[Sections: 5.1.1, 6.3.2]

Aooounting for the Implioations of previous ANT In.tallation.
19. There are also few formal procedures for selecting the
operating areas most in need of change. Those employees, who
have experienced the production systems for a number of years,
are able to identify the parts which are inefficient and the
source of continuous problems and bottlenecks.
However, in
larger and more complex manufacturing processes, intuition has
been used rather than analysis, and has been inadequate in
isolating the area for change, which would provide greatest
benefit to the company as a whole. Often the reason for the lack
of applied scientific management techniques is related to poor
management practices, and the low reliability and accuracy of
data acquired in the early stages.
[Sections: 4.1.3, 4.1.4, 4.1.5]
20. In general, companies purchased over-sophisticated, multipurpose equipment that was never used to its full potential.
This is due to the initial attractiveness of additional features,
unnecessarily high contingency allowances, inaccurate demand
forecasts, and undeveloped schemes to modify product design.
[Sections: 4.2.2, 5.4]
21. Few companies actually consider rationalising their business
systems before they automate. It is usually only after AMT has
been implemented for the first time that the company thinks of
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adopting any additional systems and procedures, or realises the
potential for rationalization.
[Section
5.1.1]
22. The maj or overt reason for implementing AMT has been to
reduce production costs, whereas the main explicit benefit has
been in the "quality" of the product achievable. This quality
improvement has been the primary intangible benefit of AMT, due
to the greater consistency and reliability of the equipment to
carry out repetitive tasks.
Furthermore, the evolution of
"quality circles" has focused employee attitudes on improving the
overall quality of the product and the production system. The
potential benefits of AMT to improve quality have given companies
the incentive to manufacture better products, and increase their
competitive advantage.
[Sections: 5.1.3, 5.3.2]
23. Companies who have the obj ective of reducing costs are
having to focus on costs other than direct labour, (which in many
companies no longer dominate).
[Sections: 5.4.3, 5.1.1]
Implioatiops of ANT on RUman R.sours. Manag.m.nt
24. Japanese production systems and principles have been adopted
by some OK companies, even though they usually deny the influence
of external bodies.
[sections: 5.1.4, 5.2.4]
25. One of the main influences of the Japanese approach has been
to improve the management of human resources within a company.
This is necessary to introduce, smoothly, the complementary
changes caused through the rationalisation of production systems.
since ANT requires less direct labour and greater skill levels,
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it is important to maintain, and look after, a well trained
workforce.
These features have been the trademark of many
Japanese companies.
[Section: 5.2.4]
26. The research (throuqh a case study), hiqhlighted the need
for "flexibility" agreements with the workforce. Such agreements
have to incorporate functional, numerical and financial
flexibility, along with requirements to carry out traininq, and
shift workinq.
However, the company IS manaqement have to be
skilful in seeking the approval, from the employees, to
participate actively in "flexibility aqreements",
"Group
Technology" and "Quality Circles".
[Sections
5.2.1, 5.3.2]
27. Most companies prefer a mixed training programme for their
operators, which involves both education, to be carried out away
from the pressures of the company, and "hands on" experience with
the actual machinery. With the reported difficulty in obtaininq
adequately trained qraduates, companies are placinq qreater
emphasis on re-training their existinq personnel.
[Sections: 5.2.3, 7.1.4]
28. Too often the cost of maintaininq manufacturinq facilities
is overlooked, when companies purchase AMT.
Some companies
failed to account for the additional cost involved in increasinq
the traininq and skill level of the existing enqineers. However,
some companies have found that the overall maintenance budqet has
fallen, due to the increased reliability of the equipment
(relative to their old conventional machinery), and a reduced
need to maintain a larqe team of enqineers.
(Section: 6.4.2]
29. A larqe proportion of companies persist with a "breakdown"
maintenance strategy, although more care and attention is qiven
to the AMT investments.
This is achieved by implementinq
specific preventative, or planned, maintenance programmes.
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Operators are given more responsibility to carry out routine
maintenance, in an attempt to keep the equipment clean, tidy and
available for work.
[Sections: 6.4.1, 6.4.2]
Implioations of AdoptiDg ANT OD ProductiOD OperatioD' and
InoorporatiDg the TechDology iDto a Manufaoturing strategy
30. The significant trends in other production operations are
listed below, but they may not be specifically caused by AMT in
every case:
i.
Number of components per product has decreased.
ii. Products are more technically sophisticated.
iii. Proportion of standard parts per product has
increased.
iv. Number of production quality checks has increased.
v.
Proportion of products manufactured 11 in-house" has
decreased.
[Section: 5.1]
31. Inventory control is highlighted by consultants, (conducting
the DTI's AMT feasibility studies), as the operating area most
in need of attention in UK industry. This research has observed
that those companies, who had given consideration to work in
progress and other inventory problems, were in a better position
to identify the areas in need of change. The review of Toyota's
"Kanban" inventory control system, which was adopted twenty years
ago, illustrates how they initially rationalised their production
processes to obtain a competitive advantage.
[Sections: 5.1.4, 5.2.4, 7.4.5]
32. The adopyion of systems that complement AMT, such as
improvements in stock control, and the implementation of CAD, are
usually adopted in parallel to the main investments. This is
because operating systems and product designs need to be
simplified, prior to the adoption of AMT, but a lack of forward
planning prevents this.
[Sections: 5.3.1, 5.4]
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33. There is a drive towards lower batch sizes, greater product
variety, and more flexible group technology manufacturing
"cells".
This has resulted in a shift in some aspects of a
company's manufacturing profile, altering the focus equilibrium.
The balance can only be restored when there is a complementary
shift in the other manufacturing, marketing, product, and
organisational factors.
[Sections: 5.3, 5.4]
34. One of the reasons for the inadequate emphasis on strategy
formulation and development planninq has been the poor
communication between the different departments of the business.
Often the different departments have conflicting objectives and
targets. The primary concern of designers has been to create a
product at a price which will satisfy a market demand, without
adeqUate links to production planning. Production functions have
concentrated on max1m1s1nq output at minimum cost.
The
introduction of CAD and AMT has led to a marked increase in the
level of communication, and common objectives, but there is still
much room for improvement.
[sections: 6.3.3, 6.5]
35. CAD and CAE are acknowledged to be prerequisites for AMT,
and are often justified separately from other business functions,
to which they may be linked, such as enqineerinq, and
manufacturinq. Therefore they are initially used as tools for
desiqners. They are capable· of speedinq up the desiqn process,
making desiqn modifications quickly, and promotinq a modular and
standardised approach to design. This can qreatly assist the
work of the production process engineering departments.
[Section: 6.1]
36. There are numerous chanqes takinq place within manufacturinq
companies. However, it is difficult to distinquish whether these
changes have occurred as a result of commercial pressures, or
through introductions of ANT.
The picture is further
complicated, as many cost savings and efficiencies can be made
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through the development, simplification and control of systems,
(such as production, process, and data processing), without
recourse to automation per se.
[Section : 5.4]

Measuring the Performance of ANT
37. The suppliers of AMT equipment measure their performance on
providing the machinery to an agreed specification on time, and
obtaining repeat orders. This does not necessarily ensure that
the user adopts the most appropriate system or monitors the long
term success of the implementation.
[Sections: 4.3.1, 5.3.3, 7.1.2]
38. It has often been difficult to gauge the success of any AMT
because :
i.
it only forms a small part of the total production
operations,
ii. no post implementation audits are formally carried out,
iii. there were many additional changes taking place within the
manufacturing activity,
iv. specific information has not been made available.
[Sections: 5.3.1, 5.3.3]
39. There was evidence of a significant learning curve as
successive adoptions of ANT ran more smoothly, cutting down the
time period for the implementation process. The companies were
also gaining experience of managing the equipment suppliers,
whose level of after sales service was found to be acceptable,
although expensive.
[Sections: 4.1.4, 4.3.4, 7.1.3]
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rinding the most Sui tMle Technology to Integrate ipto the
Manufacturing system

40. In the early stages of the automating process, companies try
to automate the production of existing products by adopting AMT,
as a simple replacement for manual operations or old machines.
This is because these companies expect AMT to operate with the
same functions as a human. However, proven AMT equipment does
not posses any of the sensory and intelligent attributes of
humans.
The result is an over-complicated system.
This
illustrates that significant explicit new planning approaches are
required to implement the new methods and procedures for
manufacturing the product.
[Sections: 5.3.1, 5.4]
41. The manufacture of computer numerical control machine tools
is at a more developed and mature stage than that of robotics.
Although, some applications of robots such as painting and
moulding, are now well established.
[Section: 5.3.5]
42. In the initial stages companies try to keep projects small
and simple, but they often evolve into larger, and more complex
projects as additional features are added. This often occurs
when the company's project team lose control of the investment
to the equipment suppliers or integrator.
[Sections: 4.3.3, 7.1.3]
43. The technical and operational capabilities of the equipment
were rarely made available to all the business activities within
the company in an easily comprehensible explicit form. This made
it difficult for the other business activities to take account
of these capabilities, when contributing to strategic planning.
[sections: 6.5.1, 6.5.2]
44. The adopting companies were not worried about placing AMT
investments on critical path activities, where they are more
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easily justifiable in directly demonstrable financial terms.
This is because these critical activities, were primarily
production bottlenecks, and by automating, the bottleneck would
be transferred to some other operating task or department.
[sections: 4.2, 4.4]
45. The placing of AMT on critical activities without
alternative routing, is a high risk strategy, and companies
usually do not have appropriate guarantees of the reliability and
availability of the technology.
[Sections: 4.2.1, 4.3.1]
46. The successful introduction and utilisation of AMT and CAD
and other complementary systems have undoubtedly made companies
more competitive.
On a manufacturing operations level, the
companies are more flexible, corrigible and responsive to limited
changes in the product ranges and volumes. However, there is a
danger that those companies, who automate existing product
designs, and copy production methods (without prior assessment),
could be in danger of allowing their products to become more
entrenched.
[sections: 5.4, 6.1]
Th. Iffect. of ANT OD the Marketing strategies

47. For some companies the adoption of AMT has been used to
promote product sales. However, in the majority of cases it is
the attributes of AMT that have been most useful to the marketing
departments. If the AMT is successfully implemented these would
include
i.
lower product cost,
ii. quicker delivery time,
iii. improved product quality,
iv. greater variety of product,
v.
more prestigious image.
[Sections: 2.2.3, 6.3.1]
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48. The advantage, for the marketing departments, of adopting
AMT is mainly in the attributes and properties of the products
being made. However, marketing has a vital input in providing
the production and design activities, with accurate short and
long term forecasts. with this level of integration, production
is able to plan for future process technology and product
designs.
[Sections: 2.2.3, 6.3.1, 6.3.3]
49. The research observed that the marketing department
frequently had a large influence in formulating corporate
strategy, but they had little input into the selection of AMT
equipment or other specific manufacturing and design tactical
functions.
This highlighting the lack of inter-departmental
communication in the sample companies.
[Sections: 4.3.3, 6.3.1]
The Effects of CAD and CAE Technology on Product Design and
Designing for Manufacture Procedures

50. The research has established that those companies, who have
adopted AMT, have increased the number of types of product they
manufacture. The technologies, and especially CAD, have enabled
more creative designs to take place, and improved communication
between the production and design activities. However, these may
not have been the primary intentions for the adoption of CAD and
AMT.
[Sections: 5.1.1, 6.1.3]
51. In general, with companies focusing on the activities they
do best, and with more reliable component suppliers, there is
less incentive to manufacture every part "in-house". This has
also resulted in greater emphasis being placed on purchasing
modular sub-assemblies for easy assembly. It has also enabled
the number of standard components required to manufacture each
product to be reduced. However, consumer demand for increased
product choice and technical sophistication has meant that
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additional specialised
external suppliers.
[Sections: 5.1.2, 6.2]

components

have

been

required

from

52. The research has found that companies have been able to make
large cost savings through rationalising existing manufacturing
systems and product designs. However, those companies, who have
adopted AMT, have given themselves the opportunity to become more
competitive.
If the technology has been adopted with minimal
preparation, and not as part of an overall plan or package, then
few benefits have been achieved. However, the research observed
some companies, who were using large investments into AMT, and
had thought about their manufacturing methods and systems (if not
incorporating all of their business activities). These companies
were seen to be more successful, as an operating unit, as they
appeared to be more active and organised.
[Section: 5.4]
Managing th. ANT Bquipm.nt Suppli.rs and Building a partn.rship
yith th. component Suppli.rs
53. After formulating an equipment specification, it is not
always clear that both the user and the supplier know, and agree
precisely, the functions required of the equipment. This is,
primarily, due to different interpretations of the final
contractual agreement. Other problems arise when modifications
are made, or new applications found, and these interact
implicitly and explicitly with the contents of the contract.
[Sections: 4.3.2, 7.1.2]
54. The competitive economic climate has forced companies to
improve the relationships with their component suppliers. This
has led to a significant trend towards having fewer component
suppliers providing a higher proportion of the final product.
One consequence of the new business partnerships has been the
implementation of British standard 5750 on "Quality Systems", to
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define the responsibilities of, and relationship between, the
customer and the supplier.
[Section: 6.2]
55. The major manufacturers are beginning to treat their
component suppliers as a sub-system to their own business. This
sense of realism has been brought about mainly by external
commercial pressures, and not through automation.
[Sections: 6.2.1, 6.2.3]
56. The need to draw suppliers and independent consultants into
the proj ect management team has been found to be essential.
However this is not happening in many cases.
The research
observed that, in the opinions of the AMT suppliers and their
agents :
i.
the main reason for adopting automation is to reduce unit
cost,
ii. few companies consider alternative solutions to their
problems,
iii. consultancy should be carried out by an independent
company,
iv. one supplier (or agent) should be responsible for all the
equipment,
v.
companies should adopt a "step by step" or gradualistic
approach,
vi. a minimum number of modifications should be made,
vii. where possible basic and proven technology should be used,
viii.the most flexible form of equipment should be implemented.
[Section: 7.1.3]
57. In general, the AMT supply industry does not have a good
impression of the way in which many UK companies operate. They
believe the companies are never sure as to precisely what they
want, making agreement on equipment specification difficult.
(Sections: 4.3.1, 7.1.2]
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58. The suppliers favour the "Turnkey" approach to the
implementation of AMT, which ensures that they are responsible
for the commissioning of the equipment. However, in these cases,
companies are in danger of allowing the supplier to take over the
control of the project.
[Sections: 7.1.2, 7.1.4]
59. The larger users have gained experience in dealing with the
suppliers, whilst the smaller companies are much more sceptical.
It is in the AMT equipment suppliers' short term interests that
the equipment functions properly, and in their long term
interests to ensure the implementation is a success.
[Section: 7.1.3]
Trade Uniop Attitude, toward, ANT
60. Despite the falling number of trade unions, and their
memberships, they are still influential in UK companies.
If
there is good communication and trust between management and the
trade union, then there is a better chance of a productive
partnership.
Too often, management are reluctant to provide
enough appropriate information whilst the trade unions are
preoccupied with protecting the employment, pay and conditions
of their existing members.
Their dogmatic approach, to the
protection of restricted working practices and traditional
attitudes, has limited the adoption rate of new technology. On
a national basis they are in a position to assist the smaller
companies on the awareness, implementation and training for AMT,
but they have failed to take up the initiative.
[section: 7.3]
61. Collectively, the trade unions, financial institutions,
government, and equipment suppliers (or their agents), all have
broader experience in their own fields, but they do not ensure
that their actions are in the best interests of the adopting
company. Thus the primary responsibilities, for ensuring that
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all aspects of the project are followed through to a successful
conclusion, remain with the adopting company.
[Sections: 7.1, 7.2, 7.3, 7.4]

Integrating ANT into the Whole Business system
62. Government initiatives, in the early 1980's, assisted the
larger companies, but the recent "enterprise initiative" focuses
more on the smaller firms. Companies have taken advantage of the
grants given by the government agencies when managing their
proj ects. They have also had to take account of the impl ications
to their business, and of the considerable amount of government
legislation over the last decade. However, on the broader issue
of the single European market, taking effect in three years time,
fewer resources have been given.
[Section: 7.4]
Those companies, who are more advanced and progressive, have
realised the importance of integrating all the activities of the
business together, and to using a common database.
The
capability of modern computer facilities has made this possible,
and encourages individual departments to communicate with each
other more freely.
[Section: 6.5]
63.

In
businesses,
which
had
ensured
the
effective
implementation of an Integrated Business Information System and
AMT, the research observed that there was total commitment from
the management. However, the original ideas were often qenerated
from personnel lower down the organisational structure, at middle
manaqement or senior enqineerinq levels.
[Section: 6.5]
64.

290

~

Conclusions to the Research Hypotheses

The thesis achieved its main objectives of investigating the
systemic implementation of AMT in 20 British engineering
companies, and various hypotheses about their effectiveness and
management.
The original hypotheses (from section 3.1.1),
repeated below, are followed by a description of conclusions
achieved from the research in each case. Difficulties in the
collection of specific manufacturing data and information on
corporate strategies, common to all the sample companies, have
resulted in some problems of explicit interpretation.
Each research hypothesis has been cross-referenced to the
relevant paragraphs in the summay of research findings, section
8.1.
Appendix XXIV tabulates the link between the research
hypotheses and the findings.
It also illustrates the interactive nature the topics related to AMT.
General Research Hypotheses
Hypothesis 1 : The adoption of AMT is essential to build and
maintain a company's competitive edge.
Findings :
If properly integrated into the manufacturing process and
business system, AMT is of considerable benefit to a company.
The capability of reducing unit cost, increasing product quality
and being more flexible, allows the company to be more responsive
to changes in consumer demand.
If adopted alongside
complementary changes, within the manufacturing system and
business as a whole, it gives the company's operational
management greater control. These latter factors may be just as
important as the use of AMT itself.
[Paragraph Numbers: 2, 46, 47, 52]
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Hypothesis 2 : Companies do not formulate cohesive corporate
strategies in which an equal emphasis is given to
each business activity.
Findings :
The research has been unable to obtain a formal and
measurable statement of the sample companys' corporate
strategies, aims and objectives.
Therefore, it has not been
possible to assess the relative emphasis given to each business
activi ty •
There is frequent inference that such a balanced
distribution of funds has simply not been analyzed and attempted
by the companies in question.
[Paragraph Numbers: 9, 13, 34]

Hypothesis 3

companies optimise their individual activities
and resources rather than the system as a whole.

Findings :
In general, companies tend to focus on individual business
activities in an attempt to optimise the sub-system, but they are
slowly moving towards taking a more global systems view of their
business.
This trend has been initiated principally by the
commercial need to become more competitive, but enhanced by the
introduction of inter-departmental computer links and information
systems. However departmental structures, that have evolved with
the company, have promoted individualism and isolation.
Therefore, for the company to optimise the system as a Whole,
communications must improve, and attitudes become more flexible.
Proj ect and method/work study teams, wi th inter-departmental
representatives, should be appointed and financial budgetary
allocations reviewed.
[paragraph Numbers: 4, 14, 19, 28, 55, 59, 63]
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Xmplementation of Advapced Manufacturing Techpology-Hypothes.s
These required an investigation of the strategic and tactical
decision making process within those companies adopting AMT.
Hypothesis 4 : standard accounting procedures and investment
appraisal techniques undervalue AMT systems.
Findings :
The existing accounting procedures and practices undervalue
the true value (or worth) of AMT to a company, both on the
balance sheet and in investment appraisals.
This is because
financial accounts can only consider tangible costs, benefits and
values. They are unable to quantify intangible variables such
as the strategic value. If a complete systems approach is going
to be adopted, then less emphasis has to be placed on acoounting
information, and more on the long term strategic value to the
company. Thus, for example, quantitative investment appraisal
needs to be seen as just one aid to management decision making
in conducting critical examinations and prooessing checklists,
rather than as a sole decision criterion.
[Paragraph Numbers: 1, 2, 3, 4, 5, 6]
Hypothesis 5

The strategic and tactical considerations of
implementing AMT are discussed in isolation, and
not as a whole.

Findings :
Short term production and financial targets are emphasised,
rather than long term planning strategies. This has encouraged
existing project teams to reassess all the strategic and tactical
decisions on a piecemeal basis, as they affect the business at
the time of the implementation. This results in optimising short
term results, but creates long term inconsistencies and
inflexibilities.
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In addition, most of the sample companys' development plans
had short time horizons, which only incorporated projects being
contemplated at the one point in time. Therefore there was no
formal company policy addressing the problems of standardising
the procedures of the implementation process and ensuring that
successive team decisions were compatible.
[Paragraph Numbers: 1, 7, 8, 9, 10, 11, 12]
Hypothesis 6

The characteristics of company development plans
and strategies have an influence on the
implementation of ANT.

Findings :
The development plans of companies are unique, and naturally
reflect the historical evolution, traditions, attitudes and
culture of the company.
They are operating in different
environments and businesses with different products, markets,
size and relative prosperity.
Furthermore, they have to be
incorporated into a plan. This is bound to have an impact on the
content of the development plan and the business strategy.
[Paragraph Numbers: 7, 9, 13, 14, 15, 16, 17, 18]
Hypothesis 7 : companies invest in automation intuitively, and
for the wrong reasons.
Findings :
companies in general have sound reasons for investigating
automation, as they are aware of the attributes and capabilities,
frequently published in the trade journals. For those companies,
who have successfully implemented ANT into their system,
production costs have been reduced, and product qual i ty improved.
However, it is not always clear whether companies have identified
problem areas, whether they have properly assessed alternative
solutions, or indeed whether they can attain business and
operational targets more effectively and efficiently. There is
a tendency for company management to believe that AMT is the
ultimate sole solution.
[Paragraph Numbers: 19, 20, 21, 22, 23]
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Manufacturing Systems - Hypotheses

The effect AMT is having on the resources of materials, labour
and machines within the manufacturing systems of a company, was
investigated.
Hypothesis 8 : Management demands for new employee agreements
are a direct attempt to install Japanese working
methods and practices.
Findings :
The culture of the Japanese people is much different from
This means that there can be no
that of western Europeans.
direct plagiarism of Japanese Human Resource Management systems,
as adopted in their industries. However, the companies sampled
were all adapting some of the basic principles and objectives to
the British environment. Such adapt ions are necessary to achieve
greater utilisation of labour,
resources and improved
competitiveness.
This is a reaction to international
competition, especially from Japan itself.
[Paragraph Numbers: 24, 25, 26, 27, 28, 29]
Hypothesis 9 : Advanced Manufacturing Technology is the main
factor behind the changes to the production
systems and procedures within a company.
Findings
The large multi-million pound investments in AMT have been
a catalyst for complementary changes in working practices and
production systems to take place. In the sample of companies
surveyed, the changes are initiated in the project teams, and
many of the new systems are adopted in parallel, rather than in
sequence over a longer period of time. However, the main factor
behind the system changes and implementation of AMT is the drive
to become more competitive.
[Paragraph Numbers: 21, 30, 31, 32 33, 34, 35, 36]
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Hypothesis 10: Information collected to monitor the performance
of the company' s manufacturing systems is not
directed towards assessing the strategic aims and
objectives.
Findings :
Companies (especially those with commercial production
control systems) are known to collect large quantities of data
and information on many different aspects of the manufacturing
process and the business as a whole. This information is not
always in an easily comprehensible form, and access to company
employees is often restricted.
However, the company personnel were not clear, themselves,
as to the targets they were striving towards, other than those
directly related to their operation. Therefore, it is not easy
to see how any global aims and objectives can be monitored and
assessed in these circumstances.
[Paragraph Numbers: 1, 22, 37, 38, 39]

Hypothesis 11: There is always some form of ANT available that
can provide an appropriate solution to a
production problem.
Findings :
Automation may not be the best initial solution to every
production problem. There could be other more effective ways to
achieve the aims and objectives of the business system. Even
though there may be various forms of ANT, applicable to different
production volumes and processes, there is a limit to its
capabilities. Not every process can be automated, and neither
will AMT be a panacea for future success and competitiveness.
[Paragraph Numbers: 17, 40, 41, 42, 43, 44, 45, 46]
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BUsiness Activities - Hypotheses
The investigation centred on the role and influence of
maintenance, procurement, marketing, and product design in the
adoption of AMT.
Hypothesis 12: ANT has no direct benefit to the marketing
department.
Findings :
Some isolated instances were found of companies, which have
been able to manipulate directly their manufacturing departments I
adoption of AMT for marketing purposes. In general, the consumer
is more conscious of ~he product itself rather than the
technology used to make it. However, the marketing departments
benefit from the consequential attributes of AMT, especially in
terms of product quality. They can also benefit from being part
of a totally integrated system, in which their market
intelligence is used to enhance the information system and
contribute to improving the competitiveness of the design system.
[Paragraph Numbers: 29, 47, 48, 49]
Hypothesis 13: The true cost of "designing for manufacture" is
not fully appreciated by the design department.
Findings :
The increasingly widespread use of CAD has alerted the
companies to the inefficiency of previous methods and practices
within the "design process".
Similarly, AMT has alerted
production engineers to the great benefits that can be achieved
by the effective utilisation of such equipment.
In order to
achieve the full advantages of the two "islands" of automation,
there has to be a direct technical link in the form of CADCAM,
and an informational link in the form of a design process for
manufacture. This is the process of ensuring that the most cost
effective materials, manufacturing processes and machining
methods are adopted. It is a perpetual process of review, where
there is always room for improvement.
[Paragraph Numbers : 30, 35, 40, 50, 51, 52]
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Hypothesis 14: Component suppliers are not included
integral part of the business system.
Findings :

as

an

Those companies, who have actively introduced "Quality
Circles", "Just in Time" inventory control systems, more
sophisticated products, and have focused their manufacturing
systems, have highlighted the importance of building better
communications with the component suppliers. These more advanced
and progressive companies are following Japanese practices in
developing long term partnerships, in which there are special
order guarantees for "good" work, and an appreciation of each
partner's problems.
It. is a realisation that the component
products are a contributory cost and a sub-process to the main
assembly philosophy.
However, there is room for further
improvement through collaboration on intelligence that will
benefit the system as a whole.
[paragraph Numbers

53, 54, 55, 56, 57, 58, 59]

External Influences on the system - Hypothese.
The study covered the business environment activities of the
suppliers of AMT equipment, the financial institutions, the Trade
Unions and the Government, wi th particular emphasis on their
attitudes towards AMT.
Hypothesis 15: Trade Unions are a positive restriction to the
adoption of AMT.
Findings :
In those companies, where there is multiple trade union
representation, the adoption of AMT and other complementary
manufacturing systems has been restricted. The rate of change
has been slower, due to inter-union conflicts, meticulous
attention and guarantees required on pay, safety and conditions,
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and on the selection of operators and the necessary retraining.
These discussions are usually separate from those of the
management project team.
The more successful companies have
incorporated these features in the project teams, on which there
has been employee representation.
This policy of greater
cooperation between employees and management has increased morale
and motivation,
resulting in lower staff turnover and
absenteeism.
[paragraph Numbers

60, 61]

Hypothesis 16: Companies have to manage the external bodies,
such as management consultants and the AMT
equipment suppliers, as well as their own
personnel and operations.
Findings :
Especially in those cases where companies are adopting AMT
for the first time, management consultants and equipment
suppliers are given a free role in the areas they look at, and
in deciding the technology that is ultimately adopted.
The
company's management and project leader have not, in general,
focused the attention of the consultants on the areas in need of
change, and given them guidelines on the nature of the process
technology needed to complement the existing manufacturing
process. There is a need to incorporate these external suppliers
of equipment and independent management consultants into the
project team in order to extract their ideas and experiences.
[paragraph Numbers: 3, 10, 61, 62, 63, 64]
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10 Point Model for the strategic apd Tactical
Mapagement of Adyanced Mapufacturing system'

The recommendations drawn from the research have resulted
in the identification of a ten point model. Such a model would
need to be implemented prior to, or in parallel with, the
installation of AMT.
It is important to note that the model
encompasses the whole business, and not just those business
activities directly involved with the automation. Due to the
systemic nature of business operations the model headings
described below have no formal hierarchical order :

1.
2.
3.

4.
5.
6.

7.
8.

9.

10.

~

Company Strategies.
communication Between Business Activities.
Manufacturing Development Plan.
Procedure for Implementing AMT.
Complementary Manufacturing Systems.
Design for Manufacture.
Labour Flexibility.
Investment Appraisal - Method and criteria.
Manufacturing Performance Measurements.
A systemic Appreciation of the Interactive Nature
Advanced Manufacturing Systems.

of

Company strategies

strategic Management is the process of deciding a strategy,
and planning how that strategy should be put into effect. There
should be three levels of strategy as shown in figure 8.3(1).
The first level of "corporate" strategy outlines the business of
the company. The second level of "Business" strategy defines how
the company is going to compete in their chosen market. Then the
final level, "operating" strategy, relates to the individual
activities of the company.

300

The business strategies are concerned with achieving
specific objectives within a particular business or in a specific
product segment. They must have measurable aims and objectives,
and be updated regularly, covering short, medium and long term
planning periods.
Figure 8.3(1)

company strategies

CORPORATE
Business of
Company
Product / Market
Market Qualifying criteria
BUSINESS
compete in the Market
Product Characteristics
Order Winning criteria
OPERATIONAL
Functions of the Individual Firm
Manufacturing Tactics

In relation to AMT, the operating strategies refer to how
the technology can be best used to achieve the specific goals of
the company. Meanwhile, the tactics relate to resources of the
system required to operate the AMT successfully.
When
formulating the company's strategy one must be aware of the:
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i.
ii.
iii.
iv.
v.

scope of the organisation's activities,
events taking place in the business "environment",
limitations of the company's resources,
implications of any decisions that are taken,
potential difficulties in implementing the strategy.

The company must analyze the factors above and generate a
series of outcomes. Each scenario has to be analyzed, with an
evaluation process, to select the best option and a procedure for
ensuring successful implementation. The strategy has to provide
both short and long term direction to a company. This must be
formulated in a way such that the aims and objectives can be
monitored and evaluated. Only in this way can the success of a
strategy be known.
~

communication Between Business Actiyities

The research has highlighted the need for all business
project activities to break through inter-departmental barriers
and communicate freely with each area. It is also important that
they have access to a common database of information. Figure
8.3(2) illustrates how each business activity has two-way
communication with a central database, and has some involvement
wi th developments outside the business environment.
It is
essential that the database is maintained with "live" information
which is not outdated.
In order to develop such a communication system effectively,
it is necessary for companies to have a matrix form of
organisational
structure
which
promotes
strong
dynamic
relationships and teamwork.
Only if this takes place can
adequate, consistent, and reliable information be obtained to
formulate the company strategies and development plans.
The
structure will also simplify the development of project teams,
and make a multi- disciplined approach to decision making more
feasible.
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Figure 8.3(2)
communication Between Business Activiti'l

Business Env i ronment

IDesign

I Marketing I
L
I

I
I

lprocurement

I

: Engineering

~

Common

IFinance

I
J

Data
Base

(personnel II

: Maintenance

I

Manufacturing II

The marketing and design activities have to be linked
together, at an earlier stage, to assess present market forecasts
and determine future product range, mix, and volumes that are
going to be produced. Personnel responsible for these activities
need to collaborate with the AMT equipment specialists to
ascertain the capability of the machinery. This is to enSure
that the investment is fully utilised. Furthermore, maintenance
requires information on the technical aspects of the machinery
so that its engineers may be trained, and on the proposed
production schedules so that its own preventative maintenance
programme can be implemented.
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Manufacturipg Deyelopment Plan

Given that a company has a guiding strategy, and effective
communication between its activities, it is then in a position
to formulate a tactical development plan. Business tactics are
a set of action programmes designed to fulfil the business
strategy, and are concerned with the employment of resources,
from salesmen to process technology.
Sample company number 20 provided the research wi th a
"manufacturing plan", modified from one implemented in 1984. It
is clear that there are two distinct stages (see figures 8.3 (3) ,
and 8.3 (4) ) •
The first, diagram shows the input information
required to formulate the plan.
This is similar to the
information needed to formulate the company's strategies.
,iqure 8.3(3)
Manufacturing Development Plan
Information Input

~Group Profile

I
Industry
Profile

Future
Aspirations
MANUFACTURING
DEVELOPMENT
PLAN

Local
Economy

Current
Manufacturing
Profile
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liqura 8.3(4)
Manufaoturin~DavalOJ)lDeDj;.

PlAn - Inforaation OutJ)ut

Management
Accounting
Financial
Accounting
P&L, BIS

Market
opportunities

FINANCIAL
PLAN

Volume and
Market Profile

COMMERCIAL
PLAN

MANUFACTURING

AMT

TECHNICAL
PLAN

DEVELOPMENT
PLAN

MANPOWER
PLAN

Materials
Handling

INVESTMENT
PLAN

National and
Regional
Grants

Productivity

1
Costs and
Benefits

Labour
Employed
-

--

-

----

The second shows how the plan is spl it into five subsections, which are in turn sub-divided. The original 80 page
"Manufacturing Development Plan" was submitted to the company's
board for financial approval and to the government for grant aid.
The output was a detailed plan outlining
i.
ii.
iii.
iv.
v.
vi.

market forecasts for the succeeding five years,
types of products the company was going to manufacture,
equipment needed to meet the demand for each product,
manpower numbers and skill requirements,
implications for the company's financial accounts,
guidelines for the timetabled implementation of the plan.

~

Procedure for Implementing ANT

One of the main problems with the previous plan was that it
was a "one-off", with no sequel. The research fieldwork took
place during the third year of their plan (in 1987), when the
company was still implementing some of the original proposals.
The benefit of carrying out annual updates to development plans
is that considerations can be made of the results from previous
installations, changes to company strategies and factors external
to the business system.
It will also enable the company to
maintain plans covering pre-determined planning time horizons.
However, they had arrived at a stage, common with the majority
of companies sampled, of planning for the forthcoming year, in
which they would submit capital expenditure proposals.
Figure 8.3(5) is a flow chart of a procedure that should be
carried out, when a company is contemplating an investment into
AMT. The difference between this procedure and a plan is that
the plan is a collection of several individual investment
proposals. Thus those companies, who had rolling development
plans, were more likely to optimise the system as a whole, rather
than separately optimising the sub-systems.
The procedure
encourages companies to form teams of "business analysts", whose
task is to examine continuously the manufacturing and inter306

Figure 8.3(5)
~or

Procedure

Imnlementina

IH%

Identity a "Need"

Appo~nt a project Teaa and Leader
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I

I

Check the TECHNOLOGY again.t the Co.pany'. STRATEGIES
- Provene•• of the Machinery.
- "Turnkey" in.tallation •.
- Nuaber ot .odification accepted.
- Inteqration with other Syst ••••
- Coapatibl. Hardwar. and sottwar••
- suitability of the Supplier.

Check the TECHNOLOGY again.t the PRODUCTION PROCESS
- Production Rata.
- Equip. .nt Fl.xibility.
- R.quired co.ple. .ntary .yst••••

Consider Chang.s n.eded to :
- Other busine.s .y.t••• and proc.dur••.
- o..ign of the Product.
- Eaploye. Education and Training.
- orqani.ation and Workinq Practice •.

I

Calculat. the Co.t.

Calculate the B.n.fits

I

Conduct an Investment Appraisal

.

I

Li.t all strateqic Advantaqe. and Di.advantaqe.

I

I

co_par• and Evaluate Alternative Solutions

.
Sel.ct the Be.t Solution

Plan for the Installation of the Equip.ent

I

Plan the Chanqe. to the Production Syst.ms

I

Plan the Chanqes to Other Business Activities

I_ple.ent the Plans

I

l

Monitor and Evaluate the New System

I
I Intornation}-.

L Feedback

activity systems within the company, looking to improve
inefficient activities. This process would also assist in the
formation of long term plans and strategies for future
competitiveness.
Once an area for change has been identified, a project
leader should be appointed. Among his first tasks will be to
construct a team whose members have the required levels of
experience and knowledge. The leader's task should be to manage
the project, by fully utilising the resources within the company
and those from outside, capable of beinq welded into a team
activi ty • They must involve every business activi ty, as the full
potential of projects can only be attained if there is
unrestricted communication, through which all the capabilities
of the equipment emerge.

~

Complementary Manufacturing systems

To utilise AMT machinery fully, its implementation has to
be preceded by the assessment of, and possible changes to, the
operating systems.
These include the rationalisation of
inventory control, production control, method of manufacture,
value analysis, group technology, British standard 5750, labour
flexibility and "quality circles", the details of which are
outlined in chapter 5 of the main text.
This can only be
achieved by the proper adoption of Method and Work Study groups,
along with the collection and assessment of accurate and reliable
data.
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Design for Manufacture

One of the areas that companies need to focus on, and
provide additional resources for, is the link between design and
manufacture.
With good communication it is possible for the
design departments to know the capabilities and relative costs
of the production process, and for manufacturing to be made aware
of the changes to future product design.
The process requires a critical examination of the product
design to reduce costs and simplify production processes.
Designing for manufacturing techniques can be achieved by
i.
ii.
iii.
iv.
v.
vi.

considering new materials (eg plastic or ceramics),
sub-contracting difficult or inefficient operations,
modular assembly,
reducing the number of parts for assembly,
increasing the number of standard parts,
tighter tolerance limits on components,
V~1. simplifying assembly (eg using "snap" clips etc),
viii.reducing the number of manufacturing operations,
ix. increasing the number of standard components.
The benefits of carrying out such analysis can be widespread
resulting in :
i.
ii.
iii.
iv.
v.
vi.

a reduction in production time,
a reduction in number of component suppliers,
a greater utilization of materials,
a greater consistency of product quality,
fewer rejects and less production waste,
improved opportunities for design modifications in relation
to perceived market forecasts.

The process is greatly assisted if conducted with the aid
of CAD and CAE, which together are a necessary feature for the
progressive competitive company, as described in section 6.4.
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Labour Flexibility

The changing global competitive climate (described in
section 2.4), requires employment policies that respond quickly,
smoothly and cheaply to the unknown changes in product markets
and process
technology.
Tradi tional
j ob
demarcation,
departmental, managerial and employee I s attitudinal barriers and
restrictive practices have to be broken. This requires a company
to have a balanced form of labour flexibility, which comes in the
three ways outlined below :
i.

Numerical Flexibility : that is the ease with which the
number of workers employed can be adjusted to meet
fluctuations in the level of demand.
ii. Functional Flexibility : that is the ease with which the
tasks performed by workers can be adjusted to meet changing
business demands.
iii. Financial Flexibility : that is the extent to which the
structure of pay encourages and supports the numerical and
functional flexibility, which the firm seeks.

These three forms of labour flexibility are clearly outlined
in a case study, (see section 5.2.1), and have been adopted in
most of the companies sampled, with varying degrees of success.
Labour flexibility would lead to a smaller core group of workers,
who are trained and given contracts designed to maximise
functional flexibility. The part time workers, self employed,
temporary staff, and the increasing proportion of sub-contracted
workers would become the peripheral group creating numerical
flexibility. This is clearly shown in figure 8.3(6).
There must also be an effective human resource management
strategy that ensures high morale, motivation, and encourages
teamwork.
Furthermore, employee involvement is required to
operate effectively "group technology" and "quality circles", or
related activities.
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Figure 8.3(6)

Source

Labour Flexibility

Atkinson, J. (1985), "Flexibility : Planning for an
Uncertain Future", Manpower Policy and Practice,
Spring Issue, pp26-29.

A well trained core of workers in the specific skills and
expertise of the

compa~y,

built in the correct proportions will

enable manufacturing to become more focused, and responsive in
uncertain and shifting markets.

However, in the light of British

labour relations, many companies will need to be careful when
trying to impose such a strategy.

The change will have to be

implemented gradually with consideration made to the :

i

number of workers in the core and peripheral sections ,

ii. pay differentials between the core and peripheral workers,
iii. skill requirements of the core and peripheral workers.
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Investmept Appraisal - Method apd criteria

The investment appraisal method used should take account of
the "time value of money", and be easily comparable with other
projects. This means that discounted cash flow, (DCF), should
be the primary method adopted, supported by the internal rate of
return, (IRR).
In many investment appraisals, the criteria adopted have
used incremental cash flows.
However, this research proposes
that the factors to be considered should be broadened to
represent the changes to the whole business system and not for
the investment in isolation. This means that the criteria also
takes into account the changes that take place to the
complementary manufacturing systems and intangible benefits. It
is acknowledged that the proposal will be easier for the larger
investments. The example below is only a skeleton proposal as
each company will have criteria unique to its own operations.
However, the investment appraisal for the CAD system, implemented
in company 18 (see Appendix XVIII), was a good representation of
the true value of the equipment, and one which can be developed
further.
Table 8.3(1)

Recommended Criteria for aD Ipvestment Appraisal
Cost of :
Feasibility study
Equipment and Accessories
Plant Alterations
Lost Production
Total Cost
Benefits from :
National and Local Grants
Tax Allowances
Reduction in the Variable Cost of Production
Increase in Production (Sales)
Changes to Fixed costs and Overheads
Total Benefits
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Consideration must also be made for the :
i.
ii.
iii.
iv.

Expected life of the equipment.
Method of payment for capital equipment.
Competitive position of the company.
Cost of doing nothing.

Indeed the investment in AMS must not be judged on financial
criteria alone, but also on the strategic value to the company.
The primary task is to beat the external competition, and not
merely to satisfy the internal investment appraisal criteria and
accounting methods.
~

Mapufacturing Performance Measurements

It is important for companies to adopt mechanisms by which
they can monitor, analyze and assess different activities, within
the whole system on a continuous basis. Only by implementing
management techniques, such as Method and Work study, can a
company adequately identify those areas in need of change. This
process has to assess the worthiness of AMT, against investment
in, or changes to, other aspects of the system.
The research has continually stressed the importance of
collecting accurate and reliable data. Without this, information
needed to process the formulation of strategies and plans, is
made more difficult, and therefore outcomes are less well
founded. The research has highlighted six areas, for which data
has to be collected, in order to assess the performance of the
process technology, production systems and the business as a
whole. The areas are :
i.
Method/ Work study.
ii. Learning CUrves.
iii. Investment Appraisal.
iv. Product Life cycles.
v.
Market Forecasting.
vi. Product costing.
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It is widely recognised that the cost of data collection has
to be justified by its possible value to the project in hand.
Some data will be uneconomical to acquire, and too much may be
misleading and confusing.
Below is a list of performance
measures which should form the basis of the data collected.

Table 8.3(2)

"Coma.nOeO Performance Measure, for Manufacturipg syat. .

cost of Production

Material
Labour
OVerheads

utilization of

Material
Labour
Equipment (Available for & in
Production)

Production System :

Batch Size
Work content
Equipment Reliability

Production Times :

Lead Time to develop New Products
Activity Production Time
Lead Time to Manufacture a Product
Machine Set Up and Changeover Times

Product Performance:

Efficiency Parameters
Number of Defectives
Warranty Payments

Product Design :

Number of components
Number of Standard Components
Number of Operations

lL.

A 'yat_ic Appreciatiop of tbe
AOvapceO Manufacturipg systems

Interactiye Ifature of

The tenth point of the model returns to the focal point of
the research, Advanced Manufacturing Technology.
In the nine
previous points emphasis was put on the functions that have to
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take place within the activities of a business before AMT can be
utilised to its full potential, and be a success. The necessary
linkages are shown in figure 8.3(7).
wi thin this ini tial sphere, the AMT has to match the
existing aims of the manufacturing strategy. It also has to be
introduced alongside complementary changes to other production
operating systems. The second sphere involves collaboration with
other activities within the business. The third sphere involves
considering the factors external to the company.
In addition
there are three themes common to the three spheres, namely
strategic and tactical development, information and management.
The ten points in the model are themselves inter-linked and
must not be treated in isolation. The drive to gain and maintain
a competitive edge over the competitors is a continuous process.
To this extent there are no boundaries, beyond which no further
improvements can be made. It also illustrates the reasons why
no formal hierarchical order can be given to the components of
this model.
Finally, the business must operate collectively as a system,
in which all the activities function to the benefit of the system
as a whole. Furthermore, control systems have to be established
to ensure that the system moves in the right direction, and
attains the targets set out in the company's aims and Objectives.
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Figure 8. 3 C7 )
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Further Research

Having concluded the thesis, there are a number of areas and
ideas, that could be identified for further research.

1L

Accountipg system'

Hypotheses 4, and 10, have indicated that the existing
accounting systems are totally inadequate for many companies, and
especially those who are, adopting AMT. The conclusions from the
hypotheses found that existing accounting procedures and
performance measures undervalued the benefits and worth of AMT,
and their complementary business systems, to the company as a
whole. The research would initially expand on model points 8 and
9, (regarding criteria and methods for investment appraisal, and
manufacturing performance measurements), to isolate the required
measurable variables and ensure that the most appropriate data
is collected. This is necessary to measure the performance of
the various business systems and methods that lead to the
fulfilment of company strategies and targets.
The researcher would require an understanding of standard
accounting procedures and a basic knowledge of the individual
company I s production operations.
Information regarding the
impl ications of AMT, on the direct aspects of a company I s
production system, would be obtained from this thesis.
By
conducting an in depth case study it should be possible to
highlight the potential areas where some of the existing
restrictive standard accounting practices, and procedures, can
be remodelled.
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pesign for Manufacture

section 6.4 of this thesis has highlighted the immense
benefits that a company can obtain if it takes more care to
design its products for automatic manufacture.
However, the
design process, as discussed in section 6.4.1, found that all the
business activities from product initiation to production, are
riddled with inefficient practices and procedures.
Further
research should develop model point 6, to devise a detailed model
for "designing for manufacture",
to ensure that there is an
efficient design process and cost effective production.
The in-depth case studies would require knowledge of the
capabilities and implications of adopting AMT: a central part of
this thesis. Areas of particular interest are the procedures for
designing new products and modifying existing products, the
adoption of new materials and production methods, the tripartite
communication between design, marketing and production. Further
research in these areas will reveal the true value of designing
for manufacture, and how the effective use of such a strategy,
enables a company to become more competitive and achieve its
corporate aims and objectives.
~

Integrating Business Activities

The chief recommendation of this thesis has been for the
manufacturing company, to become more integrated, to take a
systems approach to there whole business and to adopt a systemic
approach to the implementation of AMT. Since UK companies have
been slow to automate and integrate there is much scope for
research in this relatively new, but critical, area that would
expand on model point 10.
This emphasised the inter-active
communication required within the business system, when adopting
AMT, which involves every business activi ty.
However, the
specific aims and objectives of such research would need careful
delineation for specific case situations.
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APPBNPICIS

Appendix :t
pesign ouestionnaire

1. "Ilat type of pcoducts are IIade by your cc::wapany?

•••••••••••••••••••••

...........................................•....•..•...........

.......

2. How many designers are working within your depart:Mnt ?
3. Approxi.llately, how many aaployees work for your caapeny ?

4. What nmbers of designers fall into eadl of the following categories ?
~cal

•••••••

Electrical

•••••••

Induatrial

•••••••

Other.

• ••••

5. Please rank in order of illl(X)rtance (1- a:MIt: to 7- least), the key IESlGN
FEM'URES (fe the distinctive characteristics) of )'Qlr CXIII(lIUlY'. pro5uc:ts

appearance
assured quality
pcactic:elity .
ooet

8Blfacturability
. .terial used
innr:wati ve ! original
other (plea.se lII*=i 'f't )

•••••••••••••••••••••••••••••••••••••••••

6. What rating would you place on eac:h of the following possible
for your cx:apeny designing new produCts ?
(1 '"' Very Iq:ortant and 5 · Not lIIportant )
diversification of product range
1
2
replaceent of existing products
1
2
lOre specialisation
1
2
open up new .ar1cet areas
1
2
use axe oost effecti Ye . .terials
1
2
use axe Q:)St effecti Ye pl'OdlJction D!thcds 1
2
new scienti fie or tec:hnological deYelc.paentsl
2
other (plea.se specify) ••••••••••••••• :. 1
2

reasons
3
3
3
3

4
4
4
4

5
5
5
5

3

4

5

3

4

5

3

4

5

3

4

5

7. Please rank in order of iJapOrtance (1- ICSt to 6a least), the source of
ideas for new product designs
..anagaent
sales personnel
QJSt~s

product designers
other aaployees

••••••
outside consultants
other (plea.se sJleC:ify) •••••••••••••••••••••••••••••••••••••••
8. Who, or What group of people decides on whether new ideas or designs are
developed into new products?

...............................................................
9. Please rank in order of importance (1- .est to 5- least). the major
restrictions or constraints placed on you as a designer ?
traditional design practices! old methods
IIIIlJlIlgeIIIIt speci fications
IllU'ket need
product cost
manufacturing capability
other (please speci fy) •••••••••••••••••••••••••••••••••
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10. Has your CCIIIPU1Y adopted artj Mvanced Manufacturing Tectmology ? Yes lNo
If Yes. please circle the tedmologies installed (Robot.!MS,ac.lH:. Other)

11. tm"ing the last 5 years. bow has your caapIU1y'S anlfaeturing resources
affected the following: (please circle the apprcp:iate response)

in

&

increlUled

ne • not changed

de • decreased

I de / ne

(i)

the raJIIber of types of products MnUfactured has

in

(H)

the opportunities for creative design have •••••

in/de/ne

(Hi)

~cation

in/de/ne

(iy)

the raJIIber of t~ a type of pcoCluct i. redesigned
or: .edified during its lifetme has

with the pcoNction deparment has

in/de/ne

per product has •••••

( y)

I'UIber of

( vi )

I'UIber of stardardieed cx..""Jilent8 per procluct has

(vii)

ruaber of quality c:::hec:b durinrj the .tlole production paJCe&a :
carried out by the ~, IIIIOUally has • • • • •
in / de / ne
carried out autcaatically by the equil*!llt has
in / de / ne

CUiipAieOU

in/de/ne
in/de/ne

(vi ii) the J'UIIber of cxJllpouent suppliers has .....

in/de/ne

(ix)

the proportion of OOiIIpOtll!a'lts bought from suppliers has in / de / ne

(x)

the OUIIIber of JMnUal lIIBnUfacturing operations has •••• in / de / ne

12.

t\:)

If Yes,

your designers use a eN> syst_? Yes / No
(a) What system is it ?
•••••••..••••••••••••••••••••
(b)
(c)

ttJw.any wodastations do you have?
"hlt functions do you. use CAD for ?

(ii) •• : •••••••••••••••••••••••

(i)

(iii) •••••••••••••••••••••••••• (Iv) ••••••••••••••••••••••••••
(d) What a.unication do your CAD workstations have with other
areas of the CXIII(JenY, sucfl as IIIU'lUfacturing ?

.................................................................
............................•.••..........•.........•............
(e) ttJw D.JCh initial training is a designer given in

.

? •••• days
.
Yes / No

("AD

(f) Ib yciJ think that eN> is a prerequisite for AKr?

13. Please rank in order of Uaportance (1 .. IDSt to 7- least), bow you
perceive your cu&taners would rank the following criteria When wishing to
purchase your type of prroucts?
price
..aterials used
availabil i ty
assured qual i ty
aesthetics
functional value
novel ty / new
other (please specify)
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.........................................

14. (a) toIlO would )'Ql say has the grt!latest influence on your ~'s
product design? (please circle the D.)St appropriate response)
Mamfacturing
/
HanacJ-ent
/
Olstomers
(b) J:bes )'Qlr cx:apany Design Products for the Market?

Yes / No

(c) D:le& )'Qlr cxapsny Design Products to an individual c:ustaaer
specification? Yes /No

15. How far into the future does

)'Qlr

c:aapeny design for? •••••• years

16. How long did it take to cxwpletely design
(fraD idea generation to production)

)'Qlr

last!!!!! proc!uct ?

••••••• years
17. Approxillately, what propoction of a p:ccJuct's CXl8t is attributed to
design and devel.opaent ?

........

,

18. How.any types (or 1IIOdela) of products are lIIi!IlIufactured by your CXIIpmy?
19. Approxillately bow

.anY

production "units" are produced eam year ? •••••

......

20. What is the average Product life cycle tUle for your types of p:ccJuct
your CCIIPU1Y mnufactures ?
••••••••• yea.rs
21. Is this aYera9'! product li fe cycle ti.Jlle ?
increasing / decreasing / not changing
(please circle)

22. How frequently are new types of products introduced? every ••••• years
23. How often do )'Qlr COIIIpany designers conduct full :
U)
IESlGN audits (review) on eactl product ?
(ii)

PRJOOC'l'IOO audits (review) on eam product?

every ••••• years
every ••••• yea.rs

24. '!here are different opinions on the meaning of "IESIGN".
"IESIGN" mean to )'Ql? .

What does

25. What factors do )'Ql think mJce design departments !lOre responsi Ye to .
the changes that are taking place within the industry in whim )'Ql OOIIp!te ?

CoIIpany

Position

Town

..........................
..........................

'lhank )'Ql for taking the time to answer my questiamaire.

Please return to : Hr C. R. Senior. Research Student, Dept of Business and
Management. University of Stirling, Stirling, Scotland. F1<9 4IA
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Appendix rr
Supplier Questionnaire
_~ For

questions asking for proportions" please use the following code
A
less than 20~
8
C

20~
40~

E

more than

o
1.

40~
60~
BO~

60%

80~

What is the main reason behind a company's decision to automate
i.
t o pr ovide a solution to PROBLEMS with the ~xisting machinery
or pr od uction system?
ii.
to meet forecasted future customer demand?
iii. take advantage of new advances in technology?
iv.
t o remain competitive?
v.
b~cause the company 'feels' that it has to ?
vi. other
(please specify)

.................. .. ..........

t~ ~ut omating do companies consider :
i.
impr oving present products on exist ing t~chnology ?
ii.
!m ~roving present manufacturing technicues ?
iii. use more cost effective materials?
iv. overhaul existing machinery?

2.

~rior

3.

t!.Ihat

the alternatives to

a r '~

il

company

inst~dlil1g

AUTOjl1ATIO ~~

?

1 •

· ............................................................ .

ii.

· ............................................................ .

11 1 •

· ............................................................. .

Form your own viewpoint the most successful automation implementations
seem to be achieved when the adopting compal1y •••• (please tick chosen
respol1se)
4.

Obtains consultancy advice from
i

i.

IH~ 2p~nj 2" t

:

: ')m;l .~n

i es

suppliers
i! i . int ernal expertisa
other (please siJecify)
i \I •

ll.. •

s.

.............................

Obtains e quipment ;!I'G supplies from
man y small suppl i2.rs
i.
ii. one main supplier ",ho produces all the equipment
i i i. one sup;Jlier who subcontracts som e of the work
i v • systems house
v.
ether ( ptl!asF! specify)

. ........................... .

3. TI ,';:;:S

E .
111.

iv.
v.
7.

~u:-

so that the comr. .=t ny :
the rest of the industry
invests contilluC\lly in new techno!o-;;y
w~its until the technology hilS b ~"n ~row~"
~~i ts until they ilre ~hle to ~EA~F~n~ their :om~etitor5
':" ~:1!~ r
(;Jlease speci fy)
...•••.••••••••••••••••••.••..

t·,~

1 .

inst~lliltion.

l~ ~ ds

eqlJi')l:lellt which h~s :
he en ~rovell
1 .
~dapte d or modified from oth,Jr ,,:: .!5
i i . su ~ cially ~uilt for t~~ pu r D~ ~i .. '
v. ottHH (pl~ase :=:ile c ify )

:l?S ,··'

Alre~d y

..... ................ .... ....
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o.

Development of an automatic system should be
i.
introduced step by step
ii. by product or production line
iii. completed in one go
iv. other
(please specify)

· ....
· ....
·....
.................. .............

9. Companies who
i.
start
ii. start
iU. start
iv. other

are ~uilding up an automatic system should
dedicated and build in fl e xihility later
with the most flexible system
by making the existing system as efficient as Posible ••••
(please specify)
•.•...••••••••••••••••••••••••

10. What in your own opinion are the fir~t four criteria for a successful

implementation ?
1.

..................................... .

ii.

.. .............. ......................

iii.

iv.
11. How do suppliers enter into a market for automation?

· .................................................................. .

12. How do
•

sup~ligrs

know what is

reQuire~

~y

potential users 7

••••••••••••••••••••••••••••••••••••••••••••••• •

eo ·

•••••••••••••••••

13. What proportion of suppliers of automation ~
i.
fail to put their customers problems" first ?
11.
unwilling to adapt their products to e customer's local
circumstances ?
iii. have too much control over the management of the project 7 •••..
iu.
f ~ il to provide ~ n ~fficient 'aft ! r sal ~ ~' service?
v.
force their products or those of their suppliers onto the
customer eventhough it may not be optimal?

14. What proportion of companies who automate:
i.
fail to match the skills of their em~loyees with those
required for the technology ?
11.
buy personnel with the required expertise?
iii. formulate and implement a cohesive manufacturing strategy
which complements their corporate stategy ?
iv • . do not take a systems view of the conp~ny ?
v.
do not plan beyond the present ~hase of automation 7
vi. do not make full use of the automation which is installed 7 •.•.
vii. do not des i gn their products speci?lly for manufacture?
15. Uhat in your opinion are the leading re~30ns for aritish Industries
~low uptake of ? utomation (espec i ally robotic technology)?
•••••••••••••

· .......................................... ........................ .
· ........ . ......................................................... .
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Appendix rrr
Maintenance Ouestionnaire

For companies who have adopted AUTOMATION
TECHNOLOGY (AMT):

or ADVANCED MANUFACTURING

1. What level of importanct! do the following factors have in the
formulation of a company's maintanance strategy? (1=Important", 5=Not
Important)
i.

safeguard firms assets

2

:3

4

5

ii.

;Jroduc t ion operates at lowest total cost

2

3

4

S

2

3

4

5

2

:3

4

5

2

:3

4

5

2

3

11

5

Hi. prolong the life !)f tile assets
iv.

minimise down t

v.

reduce

vi.

other

im~

accitjant ~

..........................

2. What level of importance does the maintenance strategy hnve in the
formulation of the COr:'l p~ni~ s cvercll corporate strategy?
Important

5

4

Ilo Importance

3. !:Jhat level of importance is pli!cec on maintenance in the design of
automation and AMT equi~~p."t ?
Important
4. ~hat maintenance
and what is usually
r~Dair

2

5

4

3

~o

importance

str ~te gy shculd a co~pany ~dort for
th~ strategy adopted at the present

A~T

(letter F)
(letter ~) ?

only wll E: n tJ\e' tllI.Ll1ine break!i GOwn

have 'stand by' or rerlacement machinery
~uild

production l ines with extra 'routes' (ie

~reventative

other
5.

~I hat

flcxi~ility)

~ ~ jntenance

(please spec ~ f ,/) " ••••••••••••.•••••••••••••••••••

;:Jroportion 0 :'" cG"Ipanic £
~quipr~ent

1.

overr:'laint ?i " t"cir

_ ....

do not ca:r'l out $/ 'itcIIlCl t ic trHining prc 'JramIH: S

iii. give cOr:'lp ! etQ job de ~c ri~tion5 to t~nir employees
iv.

underesti n; atu

t~

value of
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~

corn~re hp. nsi.ve

r:'Iaintc'l nncc stf .:o: tcgy

6. List the major problems in maintaining automation and AMT ?
1.
i1.

ill.

.............. .. ....... ....................

7. What are the characteristics of a good maintenance engineer?
1.
i1.
i ii.
iv.

In your ollln op i nion anG on a scale of 1 to 5 :
8. HOIII much TECHNICAL training is necessary for a maintenance engin e er?

Technical

2

3

4

9. HOIII much of the training should be
Practical

2

3

4

5

Ger,e ra 1
?

PRACTICA~

Theoretical

10. What proportion o f the tr 'l ininl) s hould tJe car'ried in the fnIlo.,i :,!) ?

ALL

'In-house'
eQipment sU;JpIiers
educational establishment s
professional i"sti tutions
other

3/4
3/4
3/4
3/4
3/4

1\11

........................

All
:Ill

All

1/2
1/2
1/2
1/2
1/2

1/4
1/4
1/4
1/ 4
1/4

None
Nonl!
None
None
None

11. How long does it take to train a ma i ntenance engineer fro ;" 5cra t ch ?

.•••...•. years
12. How much time shou'ld a maint e nar,ce e ngineer s;Jend each year on

training ?
days/ yeer
13. How many maintenance engineers should be trained?

£ of the
14. How

muc ~

workforc ~

mon e y shou ld oe sp e n t on t r ai n i ng?

:~
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Appendix IV
Characteristics of the Companies sUrveyed
Brief reviews of the companies surveyed, their product mix
and the major influences they have had to face, both internally
and externally, are described in Appendix V. Below is a list of
some of the main points that are common to the companies, and by
which they may be categorised.
reatyres of the Companies suryeyed
From the survey of twenty companies, the numbers falling
into engineering categories of heavy, medium and light
engineering are 4, 6 and 10 respectively.
All the heavy
engineering companies were jobbing shops, whilst the remainder
were split into batch or mass produced. Indeed the traditional
mass production could not be clearly distinguished from batch
production. For instance, cars and tractors are manufactured to
a specific customer order in batches, along a mass production
line.
The problem of identifying a company's production
classification is further complicated when the company sells a
large range of products from a variety of production lines.
Four companies had no trade union representation, three had
single union agreements and the remainder had several trade
unions. The companies with most trade unions were the larger,
older, and carried out more types of business. In all cases the
number of trade unions had followed the national trend (outlined
in chapter 7.3), and in most instances conducted negotiations as
a joint representative body.
six of the companies had completely changed their products
over a number of years.
Two of these were due to a fall in
demand or elimination of their original products, and therefore
change was required for continued survival.
The others were
changing their products to expand and diversify their existing
business and markets. The remaining four companies continued in
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the business in which they were originally established, although
their products have been updated.
There are six companies who rely on one customer for more
than 50% of the sales turnover, and therefore their business
performance and product range is influenced by an external force.
Where the dominant customer has been a nationalised industry, the
sales turnover has been in decline. In total five companies were
facing a continued decline in sales despite the implementation
of automation. Six had found no significant change over the last
five years, whilst nine had witnessed an increase in sales.
Those companies, which had seen a fall in sales over the
last five years, were making a greater conscious effort to export
their product and services. Hal f the companies surveyed were now
more reliant on sales to overseas countries. The remainder also
have increased export sales, at the time when world markets are
more open, but that they are less dependent upon them.
The degree of control that a company has over its product
is variable and uncertain.
Only five of the companies had a
"vertical integrated" system in which they controlled every
aspect of their product from R&D to sales. These companies were
the most autonomous, and were least influenced by external
sources. It was these companies that were selling their products
to a market as opposed to a specific customer. The jobbing shops
and those companies, which' manufactured under licence, were
restricted by customer specification and product limitations.
The degree of control a company has over its product design,
assembly and organisation was observed to be critical to its
ability to implement change effectively.
It was very rare to
find a uniform demand through out the year, and in five cases the
seasonality of their product created serious problems in
production scheduling. This seriously strained all the resources
in the system for a few months and then left them under utilised
for the remainder of the year.
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It was very difficult to establish any meaningful
relationship that existed between the company visited and the
holding company. It appeared that most contact revolved around
financial matters, such as the availability of finance, budgets
and performance targets. The applicable companies claimed that
they were autonomous operating units, or profit centres within
the entire business, and therefore they were free to adopt their
own AMT and design activities.
compapies' linancial Performance,
To find data for each company which could be used to make
comparisons, one had to revert to information published in the
annual financial accounts. These are summarised in "Rompass" IV
UK 1988 "Financial Data".
Although companies have different
reporting times no allowance has been made for this. Reporting
dates vary from December 1985 to December 1986.
The criteria selected were year incorporated, turnover,
profit before tax, fixed assets, capital employed, return on
capital employed, (ROCE), and return on turnover, (ROT).
Of
these turnover, fixed assets and capital employed are a function
of a companies size whilst profit, ROCE and ROT are functions of
a companies performance.
The actual data is recorded in Appendix VI. Each company
was then ranked in terms of the seven criteria from the highest
to the lowest. These are shown in Appendix VII. For example
company 2 has the highest turnover, and also the lowest profit
(or largest loss). Appendix VIII however, takes each company in
turn, and the number in the table represents the ranking position
for each of the criteria. Therefore, for example, company 1 is
the forth oldest and twelfth ranked in ROT.
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External Influences - CUstomer Awareness
These are the outside factors that affect the company's
ability to exercise total control over its operations and trade.
They are based on the idea that a company has to be aware of its
relative position in the market and the customer to whom a
product and/or service is being sold. The factors mentioned all
have to be considered when formulating a strategy for the future.
Manufacturers have to become more responsive to changing
markets and products.
The customer knows that there is more
choice in terms of the number of manufacturers, and in the number
of possible variants. Therefore, in order to be more responsive
to increasing industrial competition and demanding customers, a
company must exercise greater control of the business and its
costs.
This is one vital reason why many companies seek
involvement in AMT.
This means that a company must be more aware of
requirements of the customer.
No company says that
manufacture products in the expectation that people
automatically buy them. This results in companies employing
personnel to conduct their market research.

the
they
will
more

One key factor is the manufacturer's contact with the end
customer. Companies, who have more "vertical inteqration" within
their business, tend to be more responsive than those, who deal
wi th intermediaries.
This is because the lead time for the
intelligence to filter through the system is longer. The extent
of the vertical integration and communication with the customer
can determine the constraints placed on the manufacturer. For
instance, jobbing shops tend to build to a specific customer
order, whilst mass produced products sell to a market consisting
of customers. It also affects the number of functions that the
business has to carry out. Naturally, for these reasons, single
source products and single product ranges are dangerous.
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Therefore a company which is wanting to be totally aware of
its environment has to take account of :
1.
2.
3.
4.
5.
6.

the ability of the company to manufacture what it wants to,
whether the company sells direct to a customer or a market,
the position and relative status of the competitors,
the historical esteem or the company,
the seasonal variation in product demand,
the structure and status of the company and its ability to
control its own internal affairs.

Internal Influences - Historical Development
These factors refer to the position of the company at the
present time and to the resources available in order to compete
and attain its objectives.
The company will have to utilise
tactically its resources to overcome the external influences
mentioned previously within its existing structure.
The historical development and background has a great
influence on the strategies that a company adopts towards its
business in general and AMT in particular.
The age of a company has no bearing on the type of
technology that the company has adopted. What is a function of
age is the culture of the business.
Older companies have
survived varying economic climates and have developed procedures
that have been operational for many years. It is in the older
companies where restricted practises, complacency, inflexible
management attitudes and bureaucracy have been established.
Consequently, these companies have grown more resistant to
change.
The new consumer orientated environment pays little respect
to traditional product manufacturers. Customers tend to purchase
the required quality product, at the lowest price, with
diminishing regard for past company esteem. Therefore no company
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can rest on its laurels, and can only rely on past esteem if they
have been able to maintain their trading image. FUrthermore, it
is difficult for an established company to change its identity
and, consequently, this may delay or even prevent a company from
developing additional markets.
Therefore the internal influences on a company depend upon
how the factors, summarised below, have evolved over time:
1.
2.
3.
4.

human relations and working environment,
communications through the Management Information System,
design procedures for new products and manufacture,
production system and equipment used.
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APpendix V
Snmmary of the Individual Companies surveyed
Below is a brief account of the 20 companies surveyed,
including their historical evolution, the products manufactured,
technology adopted and any recent events that have affected the
business.
company 1
The present company was formed in 1974 from the amalgamation
of two companies, whose existence can be traced back to 1904.
The company designs and manufactures underground mining machinery
for individual customers. The business was steady until the late
1970's, when there was a sharp fall in the level of domestic
demand. From this time the company has found it necessary to
accelerate the introduction of new manufacturing methods, product
designs, to retain competitiveness and build up overseas markets.
The product itself has become larger and more sophisticated with
the company having to rely on the expertise of the other
companies in the field of control and safety systems.
The company was one of the first in the UK to implement an
FMS in 1981. It cost £7M, and was a unique system, although some
similar software had been developed in the us. One of the major
problems is the number of tools required to manufacture the
parts. The tool management 'difficulties have grown more acute
due to the fact that 10 times the original number of variants can
be manUfactured, and this has not been offset or exploited
through an extensive programme of re-design for manufacturing.
Since the installation of the FMS, which was a one-off
expenditure for the production department and for which it gained
large grants from public sources, the company has continued to
purchase AMT. It believes in establishing "Group Technology" and
has certain cells of "stand-alone" AMT, which support the FMS and
are very flexible. The company is well down the learning curve
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but is restricted, to some degree, by a declining market, old
factory facilities and employee classifications.
Company 2
This company has had a long and chequered history as a large
UK manufacturer of motor cars, and has recently been sold to a
private company with government assistance. Growth in the middle
of the millennium was mainly due to rising demand in domestic and
commonweal th markets. However, industrial relation problems, low
quality products and workmanship gave the company a poor image,
which it still has not managed to escape.
From the middle of the 1970's traditional overseas markets
were no longer as loyal in the light of increasing global
competition. The company has continued to decline and can no
longer be classed as a major high volume car manufacturer.
Its
new product introductions are slow, return on capital has not
been realised, due to gross overestimation of demand. It has
recently been collaborating with a major Japanese manufacturer,
which has improved its esteem, and provided a new impetus for
change.
The size of the company makes it difficult to automate much
at anyone time. Most of the fixturing is decided during the
planning and implementation stages of new product modules. Any
automation introduced is supposed to be more cost effective than
using manual operations. However, the plant, which is generally
highly mechanised, has a few high profile and prestigious AMT
proj ects. Their development has not been entirely smooth and the
true value of the investments will only be known when the company
is able to adapt the automation for different product models.
compaDY 3
The manufacturing site visited, although large, forms only
a small part of a group that manufactures and constructs power
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stations all over the world. The fall in the number of domestic
orders forced the company's manufacturing plants to rationalise
their operations and look for other work to utilise their new
heavy duty machinery.
Nevertheless, a reduction of 50% in
turnover in the space of five years lead to severe changes in the
business, primarily in labour reduction. The company, which was
reliant on one customer for many years, is now having to look to
overseas markets for orders.
This company was also given a one off budget, in 1981, of
£35M, by the holding company for the redevelopment of the
manufacturing plant and its facilities. Impressive new factories
were built and the latest new machinery, mostly "stand-alone" CNC
machinery, was obtained. Up to date CAD and other computerised
systems were installed, but this did not, by itself, 'create more
work. However, with new "flexibility" agreements agreed with the
trade unions, the company is in a much more competitive position.
This has recently been shown by winning large contracts with
china, and for desulphurisation modules in UK power stations.
CompanY "
The American owned company, which manufactures high volume
power tools, has developed over the past 64 years with the
consumer boom. Manufacturing has become centralised and modular,
with new product innovations a key aspect of future growth. The
company's main problem is in production schedulinq, as many of
its products are seasonal. Automating the factory has been just
one aspect in company's drive for quality and reliable products.
Great emphasis is placed on providinq "total customer service",
which has helped to promote a qood image for the company.
The manufacturing site is highly automated, and consists of
all forms of ANT, from CNC machines to robotic lines. Despite
having much automation, the company still regards people as being
the most flexible and inteqral part of the system. This is due
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to the high variety of products manufactured, and the quick
changeovers required.
Company 5
The American owned company builds diesel engines and has
five plants in Britain. Up until the 1980's its products sold
on the basis of the company's prestigious name and reputation it
had built up the years.
However, it then faced strong
competition from other emerging European and Japanese suppliers
of equal esteem, but with lower prices.
Thus, to remain
competitive the company had to become more efficient and
responsive, and was unable to rest on its laurels.
There are a number of CNC machines, used mainly in providing
the sub-assemblies, and one FMS, which combines a number of
machines together into a system. Despite automating the subassemblies, much of the final assembly remains manual, as it is
in this area where the different modules are assembled to provide
the variants.
Company 6
The Swedish owned company claims to be the market leader in
most of the product fields it has entered, which is predominantly
household appliances.
The competitive advantage has been
obtained over many years, and is maintained by a decentralising
decision making, product diversification, high quality and the
implementation of advanced production techniques.
The company has one of the greatest densities of robots in
a OK factory. This is not too surprising, as a large proportion
of these are simple pick and place devices and the remainder are
concerned with injection moulding, the commonest application for
industrial robots. This equipment is now standard within the
company, and an experienced maintenance and engineering team has
been built. Their education and training has been conducted in
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conjunction with a local Polytechnic, who understand
technology, as well as the workings of the system.

the

Recently engineers from within the company have developed
their own assembly cell for the manufacture of their basic
product. It is hoped that, with the in-house expertise attained,
the cell may be adopted to assemble a wider range of product and
a modified duplicate made.
company 7
The company was established in April 1988, from the
telecommunication operations of two large British electronics
companies. The merger took place in order to create a British
competi tor in a global market.
Both companies, during the
1970' s, were reliant on overseas technology, had high priced
products, assembled products manually, and consequently lost
market share. The new company intended to utilise the combined
strengths, to become a world competitor in an expanding market
sector.
For the company's products to remain at the fore front of
technology, they are forced to use the most advanced
manufacturing technology. Most of the machinery in use is standalone technology purchased from established suppliers, as the
company is formulating strategies so that, where possible, the
ANT, purchased from a common' supplier for each of the companies
manufacturing sites.
COIIPIDY 8

This is a 110 year old sub contract engineer who specialises
in the heavy engineering sector. It is totally reliant on being
given specific work by customers, who do not have the in-house
resources or expertise to carry out the work.
FUture growth
depends on the company's ability to adopt and respond to the
prevailing market conditions and demand.
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The factory is a good example of a flexible workshop, with
up to 40 stand alone CNC machines of various sizes and
capabilities. However the lack of a sequential progression, and
cramped factory facilities give the appearance of disorder.

Company ,
The company is a subsidiary to an American multinational,
manufacturing turbocharger for heavy duty diesel engines. Being
a major supplier to a customer, whose final product was becoming
more varied and less competitive, it was forced into making
parallel changes.
There was pressure to become more cost
effective, and to react to whatever mix the market dictated at
any given time.
This was a problem that resulted from the
business being dependent upon one supplier.
There is a remarkable mixture of old and new, traditional
and modern manufacturing facilities within the company.
The
decision was made to automate only the small part of the
production process which was responsible for making the key
component.
This resulted in a complex and lavish FMS being
implemented in one area of the factory.
The system used a
variety of equipment suppliers, and the company has now set up
a small business, as an agent, to sell the equipment.

Company 10
A large manufacturer of high volume, low cost DIY kitchen
and bedroom furniture.
The company, which has recently been
taken over, has total vert~cal integration of its business
activities. It has concentrated on manufacturing everything inhouse and has invested heavily in capital projects.
Much of the technology used in the factory was dedicated
mechanisation, with some AMT designed to conduct specific
operations. This is in sharp contrast to the tool shop, Which
had only recently purchased separate CAD and CNC machines, and
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was in the process of integrating them.
To some extent this
illustrates the diversity of operations necessary within a
company, which chooses to manufacture as much as possible inhouse.
Company 11

This maj or multinational company is the largest manufacturer
ot computers in the world. The company is at the forefront of
new technology and relies heavily on new product innovations for
future growth. Since the company is a major supplier of computer
systems, part of its philosophy is to ensure that they can be
seen to operate the technology successfully within their own
business.
To maintain their competitive position supplying
business systems with "back-up" support services, it requires
meticulous attention to detail.
Despite being world leaders in computerised systems their
factories are not totally automated. They do purchase the most
reputable equipment on the market, and will only automate those
areas that will give a return on investment in excess of 40'.
There are excellent examples of fully integrated cells of ANT,
and also areas which are labour intensive, as their broad product
range is forever changing. However, with minimal inventory and
many process computers, there is the feeling that the company has
total control of its operations.
copmapy 12

A manufacturer of industrial valves in small batch
production. The company is having to respond to customers, who
are becoming increasingly specific and individual in the products
they require. In addition there customers are increasingly more
cost conscious and strict on meeting delivery deadlines.
For these reasons the company has to be very flexible and
consequently has many stand alone machines. These are mainly CNC
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machines, which require less intervention from an operator and
are capable of carrying out more manufacturing tasks in one work
cycle.
Therefore the company has to assess its precise
requirements, before trying to select from a broadening number
of possible machines. Only for certain functions and series of
operations, which are common to most of the products, is it
possible to consider integrating a series of machines.
Company 13

A high profile manufacturer of luxury cars. In 1982, the
company was privatised, since when there has been strong growth
in sales, due to the high US demand, which accounts for
approximately 50% of total sales. Despite large increases in
productivity over the last three years, the company still lags
behind its major competitors, who generally produce much higher
volumes. However, industrial relations problems and restricted
practises have not been completely resolved, leaving some doubts
about developments. The free flow of capital into the business
has assisted in the development of new models and advanced
manufacturing methods.
The company purchases AMT, which has already been proven by
other car manufacturers, since it is not in the business of
developing the most updated production technology for itself.
They would prefer to modify some AMT to make better use of it,
for example, by allowing different modules to go through the same
machines. The majority of the automation is at the initial bodywork sections of the process, whilst the fitting and assembly
areas remain labour intensive.
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CompanY

11

This is a long established company, whose primary business
of shipbuilding stopped in 1970 due to an empty order book. The
company had to make a quick transition to manufacturing
industrial gas turbines on the basis of a manufacturing associate
agreement with a large American company.
The company has now developed a major project management
function to support and expand the turbine business. It is also
looking for subcontract work, from other companies, to utilise
fully its machinery and personnel resources.
It has also
implemented new "flexibility" agreement with the plethora of
trade unions. However, the business remains heavily dependent
on external sources, and political climates.
The standard and quality of the work has never been in
question and the company has received several awards from the
licensee for its quality of workmanship. However, three factors
have led the company to begin the automation process with the
introduction of CAD and CNC machines. These were: the need to
improve cost competitiveness, the computerised compatibility with
the licensee and the capability of conducting more subcontract
work to utilise its employees, who have fluctuating workloads.
Despite being at the early stages of automating, the company is
preparing itself for further developments.
Compauy

15

The company's origins can be traced back to 1867, and has
always been associated wi th agricul tural equipment and
particularly tractors. Their position, as market leaders, has
steadily been eroded, as the industry has excess capacity, and
the customer is now more demanding in what he wants. To rectify
the decline, the company has had to rationalise its operations
and manage all the associated problems. Being a world supplier
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of tractors, its business fluctuates with international exchange
rates and political events, especially in third world nations.
Being vertically integrated, the company has to adapt to all
the difficulties associated with each area and the consequential
production volumes.
This has lead to a large variety of
technologies being used, from dedicated transfer lines to
flexible manufacturing cells, and from manual to automatic
operations.
company

16

The company is a maj or manufacturer of automatic cash
dispensers, has been forced to change considerably over the last
15 years. This is primarily due to the product being changed
from mechanical to electronic, and secondly due to the intense
competition that came in the 1970's. The company became a "self
service" financial centre in 1981, responsible for its own
action, product, design and development. Now operating on 10%
of its original workforce, claims to be either better or at least
equal to its major competitors.
The company has also effectively implemented a JIT stock
control system, which has allowed it to analyze areas of
efficiency more accurately. It has a mixture of dedicated and
flexible automation for the repetitive production of PCB's, and
extensive testing of the final product respectively.
Its
technology generally is standard and "stand-alone", with no
unique application or complex series of machines.
company

17

Small to medium sized company manufacturing thermostats.
Its programme of automating was initiated to respond to increased
competition, by purchasing CNC machines and CAD facilities. The
equipment is standard and is not integrated. The company remains
labour intensive and is restricted by old factory buildings.
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Company

18

A major British company manufacturing a broad range of
electrical products in several plants around the UK.
Rationalisation has lead to a reduction in manufacturing sites
and product range. The aim is to concentrate resources in the
most profitable areas, which is leading the company down the path
of automation. However, the company still maintains departmental
barriers and has frequent conflict between management and unions.
Many of the company's products are intricate designs that
require manual assembly, and, without more designing for
automated manufacture, it will continue to have difficulty in
implementing AMT. with this in mind the design department has
purchased its own CAD system, and production has invested in two
special computerised machines.
One problem is that the two
departments work quite independently, with little inter
departmental cooperation evident.
company

19

Subsidiary to an American company wishing to establish a
manufacturing bridge point to Europe, in 1985, to manufacture and
distribute its products. The firm deals in high value business
computers in an expanding and competitive market. With a proven
product and a "green" field site, the company has not had any of
the difficulties associated"with having to change products or
markets.
By trying to gain a special area of the computer market, it
is not able to attain the volumes to justify any AMT in addition
to standard dedicated automatic insertion machines. Therefore
much of the production operations are manual.

342

company

20

The largest manufacturer of books in Europe. Faced with
closure at the end of the 1970 's, the company put forward a
development plan to salvage the business. The success of the
plan has only put the company back on to an equal footing with
its international competitors.
The company is unfortunately
sandwiched between the publishers and the retailers, and does not
have any control over the content of its product, or the
marketing of it.
The company's plan involved purchasing dedicated equipment
that had been available on the European market for many years,
and was quite well established and proven. This required major
changes to the traditional working practices and attitudes.
There was also investment into robotic systems, palletising, the
end product, and AGV's for materials handling.
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5.7

21

-7.1

-2.0

15

1956

271

-28.9

231

34

-84.1

-10.7

16

1895

146

41.3

30

119

34.7

28.4

17

1946

13

0.9

2.4

5.8

15.4

6.6

18

1932

183

6.4

35

72

9.0

3.6

19

1968

161

11.8

26

29

40.7

7.3

20

1949

144

15.5

29

75

20.7

10.8

Source:

Kompass IV, "OK 1988 Financial Data".
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Appendix VII
BIJl~

R
A
N

of 'Acll QOmQaD:! fOJ:: 'AC)) gf till liDlDs;lill C;z;:itl;z;:iI

Year
Est.

Turnover

Profit
Pre Tax

Fixed
Assets

,

,

Capital
Employed

RaCE

ROI

K

1

12

2

11

2

11

11

11

2

16

11

7

11

2

19

13

3

7

7

13

13

7

13

11

4

1

13

16

15

13

7

4

5

14

3

4

7

4

16

7

6

11

15

20

5

16

20

20

7

6

4

19

4

6

17

12

8

4

6

18

6

5

4

19

9

2

18

3

18

1

12

17

10

18

1

1

3

20

3

18

11

8

19

6

16

18

18

1

12

17

16

17

20

3

1

6

13

20

20

12

1

15

6

3

14

9

5

9

19

19

10

10

lS

lS

14

10

9

9

9

9

16

5

9

8

14

14

8

14

17

3

17

14

8

12

14

lS

18

19

12

5

12

17

5

2

19

10

10

15

17

8

2

5

20

13

N/A

2

10

10

15

M/A
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Appendix YIII
BIII~ivl iosition of eac~ Comgln~ fgr

c
0
M

p

Year
Est.

Turnover

Profit
Pre Tax

Fixed
Assets

11gb liDIDgill
Capital
Employed

C~i~l~il

ROCE

ROI

1

4

10

10

13

9

12

11

2

9

1

20

1

2

19

18

3

17

5

9

10

12

10

13

4

8

7

5

7

5

8

4

5

16

14

18

6

8

18

19

6

7

8

11

8

7

13

12

7

3

3

2

5

3

4

5

8

11

N/A

16

17

19

16

N/A

9

14

16

14

15

15

15

15

10

19

19

15

20

20

14

14

11

6

2

1

2

1

1

3

12

1

18

13

18

17

9

7

13

20

4

3

3

4

3

2

14

5

15

17

16

16

17

16

15

15

6

19

4

13

20

17

16

2

12

4

11

6

5

1

17

12

17

12

19

18

7

9

18

10

9

8

9

11

11

10

19

18

11

7

14

14

2

8

20

13

13

6

12

10

6

6
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Appendix IX
Implications of Implementing Robotios
The ten conclusions to the report by Northcott, J. (1986)
titled "Robots in British Industry
Expectations and
Experience", The policy Studies Institute.
1.

Robots ACCEPTABILITY is high, with 81% of users saying that
robots were worthwhile, 61% plan to buy more, and the same
number announced increased profits.

2.

The IMPACT ON THE WORKFORCE was encouraging, as only 2%
experienced opposition, whilst 71% reported favourable
attitudes.
Communication between management and workers
was good, as over 80% of companies consulted workers before
installation.

3.

BENEFITS were numerous, but improved quality, more
consistent products, increased output and reduced labour
costs were the main factors.

4.

Most companies undertook feasibility studies before
IMPLEMENTATION, and half the users opted for "Turnkey"
installations.
Second and succeeding installations were
found to be easier in achieving and justifying.
The
implementing companies were found to be those, who had
experience with previous technologies.

5.

There is an EDUCATION AND TRAINING shortage in the
expertise of users, vendors and consultants. However, the
retraining of the workforce is successful, and redeployment
of displaced workers is not too difficult.

6.

The FINANCIAL ATTITUDES are mixed, as robots tend to be a
long term investment.
More widespread use could be
promoted, if there were cheaper robots and associated
equipment.

7.

The initiation of robots into the factory environment, on
50% of the cases, were by non MANAGEMENT personnel, and
only 30% came from the boardroom.
It was reported that
robots are three times more common in overseas owned groups
operating in the UK.

8.

The DTI give ASSISTANCE by a support scheme, Which wa.
significant on the robot investment decisions.
However,
14% of companies were unaware of grant aid.

9.

ROBOTS ARE NOT ISLANDS and are becoming just elements ot
wider advanced manufacturing systems.

10.

In the FUTURE 60% of user's plan to buy robots in th. next
two years, whilst 38% of the companies, not yet usinq
robots, anticipate using them in the next two years,
principally in assembly.
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Appendix X

Quantifiable Benefits of ANT

Direct cost savinqs
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Reduced labour.
Lower recruitment costs from reduced labour turnover.
Eliminated lost production during training of new workers.
Reduced operating costs from improved machine and plant
utilisation.
Reduced scrap.
Reduced rework.
Reduced product warrantee costs.
Components redesigned to reduce material costs.
Flexibility enables cost reductions to be made during
product life.
Flexibility allows redesign to eliminate quality problems.

Reduced Inventory and Work in Proqress
11.
12.
13.

Reduced lead times resulting in reduced work in progress.
More reliable production times enables work in progress to
be reduced.
Fluctuating work load produced as required to eliminate
"buffer stocks".

Reduced FUture capital costs
14.
15.

Increased output avoids purchase of additional machines and
plant.
Product changes can be made with lower capital costs.

Incre.,ed Sale,
16.
17.
18.
19.
20.
.21.
22.
23.

Extra sales from improved quality.
Extra sales from lower costs and prices.
Increased output from existing plant gives more sales.
Flexibility allows earlier launch of new products, thus
increasing sales over product life.
Shorter down time during product change prevents loss of
sales •
Flexibility enables new products to be introduced more
often, resulting in extra sales.
Hazardous and undesirable tasks performed reliably,
enabling shorter and more reliable delivery promis.s,
leading to increased sales.
Improved company image for sales promotion.
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Appen4ix XII

cost struoture of Pro4uots
Analysis of the Data Colleote4 BEPORE Installation of ANT

Model Letter

A

C

B

D

E

G

F

H

Cost Component

I

Materials

30.5

24.4

32.5

39.7

41.9

33.8

37.3

35.8

Direct Labour

11.8

13.2

10.9

12.2

8.2

13.7

10.9

14.6

Indirect Labour

7.8

9.3

8.9

8.1

6.2

11.2

8.9

9.8

staff Labour

9.2

8.0

7.2

5.2

5.9

7.9

6.8

8.8

Fixed Expenses

1.9

1.3

1.8

1.6

1.5

2.4

1.2

1.3

Variable Expenses

8.6

9.0

14.0

6.1

8.3

7.7

6.1

5.4

Depreciation

2.7

2.7

1.6

1.4

1.7

1.2

1.2

1.2

General & Admin Staff

7.9

10.9

6.2

6.9

9.0

7.2

7.9

7.9

11.1

8.2

9.2

6.6

8.2

4.8

10.3

7.1

91.3

87.0

92.3

88.1

90.7

89.8

90.6

92.0

Operating Profit
Interest
Taxation

8.7
2.7
3.1

13.0
1.9
1.3

7.7
2.1
2.1

11.9
1.1
2.6

9.3
1.9
2.9

10.2
0.9
3.4

9.4
0.6
3.2

8.0
1.0
3.1

Retained Profit

2.9

9.9

3.5

8.3

4.4

5.9

5.6

3.9

General & Admin Expenses
Total Costs

Source:

I

i

"Advanced Manufacturing Technology - The Impact of New Technology on Engineering Batch Production",
AMS Group, NEDO, (1985).

Appendix XII

(continued)

cost structure of Products
Analysis of the Data Collected AFTER Installation of ANT

Model Letter

A

B

C

D

E

F

G

22.6

21.4

27.7

33.9

35.7

28.8

31.7

30.5

Direct Labour

7.2

7.9

4.6

4.4

2.7

5.6

4.2

5.3

Indirect Labour

6.7

7.4

3.6

3.3

2.9

4.9

3.9

4.2

Staff Labour

7.4

6.9

4.5

3.5

3.5

4.2

3.7

4.5

Fixed Expenses

1.5

1.1

1.4

1.2

1.1

1.8

1.0

0.9

Variable Expenses

6.3

6.9

8.2

4.4

5.1

4.9

4.0

3.4

Depreciation

5.8

6.2

9.7

9.2

8.4

7.7

7.1

6.7

General & Admin Staff

6.5

7.8

4.8

5.2

6.6

4.5

5.4

4.9

10.5

7.0

8.3

6.3

7.6

4.0

9.8

6.5

Total Costs

78.6

72.4

72.7

71.3

73.5

66.4

70.8

67.0

Operating Profit
Interest
Taxation

21.4
-1.3
9.0

27.6
-4.9
11.2

27.3
-3.1
10.3

28.7
-6.1
8.1

26.5
3.8
9.9

33.6
-6.4
12.2

29.3
-6.2
10.8

33.0
-5.8
12.0

Retained Profit

13.7

21.2

20.2

26.7

12.8

27.8

24.7

26.8

H

Cost Component
Materials

General & Admin Expenses

Figures are expressed as a percentage of Turnover.

Appendix xxxx
Actual and Projected Total First Degree Graduates
in Great Britain 1980 to 2000
Graduates by Institution
Year

University Polytechnic Open

Graduates by Subject Discipline
Total

Arts

Engineering

Business

Science Mathematics

1980
1981
1982
1983
1984

65.8
68.0
70.1
72.2
71.2

30.1
32.7
36.0
39.8
44.2

6.3
6.5
6.5
6.5
6.6

102.2
107.2
112.6
118.5
122.0

13.8
14.3
15.5
16.7
17.9

13.7
14.6
15.2
15.7
16.0

24.4
25.3
26.9
28.5
29.1

14.6
15.5
16.1
16.7
17.4

3.9
4.4
4.8
5.4
5.9

1985
1986
1987
1988

69.0
67.0
69.5
71.2

48.9
51.9
51.0
52.9

6.0
6.5
6.5
6.5

123.9
125.4
127.0
130.6

17.7
17.7
16.4
16.7

16.3
16.1
16.3
16.5

29.7
30.2
31.0
31.8

18.4
18.6
18.7
19.6

6.2
6.2
6.9
7.2

1989
1990
1991
1992

71.2
72.1
72.2
73.6

54.7
56.2
57.2
58.0

6.6
6.7
6.8
6.9

132.6
135.0
136.2
138.5

17.2
16.7
16.6
16.6

17.9
18.6
18.8
18.9

32.6
33.0
33.1
34.8

19.0
19.1
19.2
19.1

7.1
7.7
7.8
7.9

1998
2000

68.5
70.0

52.5
54.0

7.0
7.0

128.0
131.0
--------

- -

Figures : Thousands of Graduates.
Source: Projections of Demand for Higher Education in Great Britain: 1980 to 2000.
Department of Education and Science 1986.
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Appen4iz XIV

Process Choice Characteristics for Different Aspects in 10 Surveye4 companies

Manufacturing Aspects

Characteristics of the 10 Companies Surveyed
1

2

3-

4

7

6

8

13

14

20

Products and Markets

,
,

Type of Product

J

L

J

L-B

L-B

Product Range

B

B

J

L-B

customer Order Size

J

B

J

Level of Product change

B

L

Rate of New Products

B

What does Company Sell

.

B

J

L

J

L

L-B

B

J

B

J

L

L-B

L-B

B

J

B

J

L

J

L

L

B

J

L-B

B

L

L

J

L

L

B

J

L-B

B

L

B

L

J

L

L

B

J

L

B

L

Market Winning criteria

J

L

J

L

B

B

J

B

J

L-B

Order Winning criteria

J

L

J

B

B

B

J

B

J

L-B

Process Technology

B

L

J

B

B

B

J

L

B

L

Process Flexibility

J

L

J

B

B

B

J

L

B

L

Production Volumes

J

J

L

L

L

B

J

B

J

L

Dominant utilisation

B

B

B

L

L

B

J

B

J

L

Key Manufacturing Task

J

L

J

L

L

B

J

L-B

J

L

Changes in Capacity

J

J

J

L

L

B

J

L

L

L

Manufacturing

- - - - - -

Key:

J = Jobbing

B

=

Batch

L = Line

Appendix XV
problems of Maintaining ANT
Individual Responses from the Maintenano. Qu.stioDnaire
Management
- Getting approval for implementation.
- Lack of managerial capability / Planned maintenance.
- No maintenance strategy.
- Quantifying the penalties for not maintaining.
- Fit in with production runs (scheduling).
Manpower
- Obtaining acceptance from the workforce.
- Experienced Manpower.
- Training and Awareness of Problem Areas.
- Multi-skilled craftsmen.
- Availability of maintenance engineers.
InfOrmation
- Lack of detailed instructions from the suppliers.
- Insufficient data.
- Poor communication between Production and Maintenance.
- Trouble finding the appropriate documents and manuals.
Resources
- Lack of spare parts control.
- No training of existing staff.
- Not enough time.
- Availability of spare parts.
Squipment
- Machines are not designed with maintenance in mind.
- The complexity of the machines.
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APpendix XVI
Requirements of a Good Maintenanc. Engin •• r
Individual R.sponses from the Maint.nanc. Ou.stionnair.
Teohniqal Expertise
- Technical competence.
- Continuously trained in all aspects of automation.
- Capable of maintaining the equipment.
- Trained, confident and tolerant.
- Adaptable to "hi-tech".
- Multi-skilled.
- Logical, careful and progressive.
- Capable of learning the latest techniques.
Managerial Skills
- Practical Management
- Able to maintain complete systems, not single machines.
- Aware of need to delegate to trained subordinates.
- Multi-disciplined attitude.
- Organised, ability to plan and cost justify existence.
- Supported by computers, management and staff.
Diagnostics
- Thinking logically.
- Good sound knowledge of the plant.
- Ability to recognise patterns of problems.
- "Knows when he doesn't know".
- Equipment familiarisation.
COJIIDlunication
- Good communication skills.
- Awareness of new methods and tools.
- "He cannot be good on his own".
Bu.ine.. Under.tanding
- Understands customer's business and operation.
- Sympathy with the customer.
- Understand the need to make the plant available.
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Appepdix xvrr
Cash Flow Analysis for a CAB rnyestment in Company 14
Capital outlay
Installation Cost
Development and Training Costs

$200,000
$10,000
$10,000

Reduction in OVertime
Reduction in Manpower
Cost ot overtime
Cost ot a Draughtsman

3600
12
$7.90
$7,500

hours
lien
per hour
per year

$10,000 per year
$11,000 per year
$24,000 per year

Cost ot supervision
Saving From Reproqraphics
Cost ot Maintenance

Power Costs
Consumable.

$8,000 per year
$4,000 per year

Year

o

Capital outlay
Installation
Development and Training
Cost ot Supervision
cost ot Maintenance
Power Costs
Consumables

Year

Year

Year

1

Year

Year

Yeal:

2

3

4

5

6

10000
10000
24000
8000
4000

10000
24000
8000
4000

10000
24000
8000
4000

10000
24000
8000
4000

10000
24000
8000
4000

1000e
2400C
8000
4000

200000
10000

Total costs

------------------~------------------------------------------56000
210000
46000
46000
46000
46000
46000

Operating Etficiency
Savings From Overtime
Savings From Reduced Manpower
Savings in Reprographics

------------------~------------------------------------------50'
80'
95'
100'
28440
14220
28440
27018
28440
22752
90000
90000
"90000
90000
90000
90000
11000
'11000
11000
11000
11000
11000

----------------------------------------------------129440
115220
128018
129440
129440
123752

Total Savings
Annual Net Cash Flow
Discounted Cash Flow
CUmulative Cash Flow
Company's Discount Factor
Internal Rate of Return
Net Present Value
Accounting Payback Period
Discount
Rate

-210000
-210000
-210000

59220
51496
-158504

83440
47707
1923

83440
41484
43407

83440
36073
79480

15.0'
27.4'
$79,480

+3

~ears

sen.itivity Analysis
Nat Pre.ant
Value ( C)

capital
Outlay(C)

----------------------------259310
0'
5t
10'
15'
20'
25'
30'
35'

82018
53928
-45784

77752
58792
-99713

IRR

Net Pre.ent
Value (C:

-----------------------------------.
229UO
50000
-190'

184062
125616
79480
42524
12522
-12133
-32622

100000
150000
200000
250000
300000
350000
400000

356

-lBU
40'
2"

In
In
at

4\

179UO
129480
79480
29480
-20520
-70520
-120520

Cash Ploy Analysis for a CAD Inyestment in company 18

Appendix XVIII

Year

o

Capital Outlay

$990,000

Year

Year

Year

Year

1

2

3

4

Year

5

6

(330,000) (330,000) (330,000)

-------------------------------------------------------------0
(330,000) (330,000) (330,000)
0
0
0
--------------------------------------------------------------

Total Costs

Travel and Communication
Reduction in

Year

Drawing~

and Materials

Mo1df1ow
Products Produced on Time.
Additional Products in Range

7500

15000

22000

37500

37500

37500

1250

2250

3750

6250

6250

6250

0

20000

70000

130000

130000

130000

10000

30000

60000

100000

100000

100000

140000

350000

560000

975000

975000

975000

--------------------------~--------------------------

Total Savings

158750

417250

715750 1248750

1248750

1248750

--------------------------~--------------------------

Annual Net Cash Flow

-330000

-171250

87250

715750 1248750

Discounted Cash Flow

-330000

-137000

55840

366464

Cumulative Cash Flow

-330000

-467000

-411160

-44696

Company's Discount Factor

25.0%

Internal Rate of Return

73.5%

Net Present Value
Accounting Payback Period

1.20E+06 pounds
+3 years

1248750

1248750

511488

409190

327352

466792

875982

1203335

Appendix XIX
Trade onion Membership 1900 to 1988
The rise in trade union membership since the second world
war peaked in 1979 at 13.2M, and coincided with a change in UK
government from Labour to Conservative.
Since 1979 membership
has declined steadily to 9.5M in 1988, and is reportedly below
8M in 1989 (see table).

Year

union
Membership
(OOO's)

Unemployment

Number of
Unions

Mean Members
Per Union

%

1900
1905
1910
1919
1921

2023
1997
2565
7926
6633

5.0
4.7
2.1
12.9
11.3

1323
1244
1269
1360
1275

1529
1605
2021
5828
5202

1925
1930
1935
1938
1945

5503
4842
4867
6043
7875

16.0
15.5
13.2
11.2
1.5

1176
1121
1049
1024
781

4679
4319
4640
5911
10083

1950
1955
1960
1970
1975

9289
9726
9821
10300
11760

1.2
1.7
2.7
2.4
2.9

732
694
654
555
407

12690
14014
15017
18564
28882

1976
1977
1978
1979
1980

12300
12800
13100
13200
12900

5.2
5.7
5.6·
3.2
4.6

473
481
462
453
438

26004
26611
28355
29139
29452

1981
1982
1983
1984
1985

12100
11500
11200
10900
10800

9.3
12.1
13.3
11.5
11.9

414
408
394
375
370

29227
28186
28426
29067
29189

1986
1987
1988

10500
10000
9500

11.8
10.6
9.1

335

31343

Source

Department of Employment Gazette
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Trade Union Membership Since 1900
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TWo MORI op1n1on polls, conducted in 1979 and 1988, asked
members of the public whether they thought the trade unions had
too much power. 69% responded yes in 1979, whilst 31% responded
yes in 1988.
The number of trade unions has fallen from a peak in 1919
of 1360 to just 335 in 1986 (as shown in the table). The main
reason for this is the amalgamation of individual trade unions,
such as the Enqineers' into the AEU, due to trades becominq less
well defined, increased. barqaininq power, economies of scale and
the virtual disappearance of certain trades.
The consequence of high membership and fallinq numbers of
trade unions has been an increase in the number of members per
trade union, which in 1988 was over 31,000. Furthermore, the
level of unionization has fallen, from 55% of the working
population in 1979, to 45% in 1986 (see table).
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Appendix XX
Thoughts from company Personnel
To supplement the information given in the main text,
individual thoughts and comments from the transcribed interviews,
with company management and engineers, are given below. They
have been divided up into six categories
Human Resources
Product Design and Marketing
corporate strategy and Planning
Equipment Suppliers
National and International Issues
Manufacturing Systems
HUman Resources
Management must be committed, enthusiastic, active and involved
from start to finish.
Management has to appreciate what it can, and cannot do.
There must be a top-down approach to automation.
Management needs to be educated, it is known that there is a
large training gap of Britain's top company managers.
Teamwork is essential, as the education system cannot hope to
educate a person who has the required blend of knowledge in
business, mechanics, electronics and design.
Industry in general does not know what it wants in terms of
employee skills and education.
Skill is a combination of education and experience.
There are changed patterns of working and employment,
structure of industry and the nature of society.

the

Human progress is translating "ideas into reality".
The accelerated trend to greater productivity and efficiency in
design and manufacturing requires fewer people.
Although direct employment in manufacturing is decreasing, there
is a growing army of service and support staff.
Small firms find it difficult to get to grips with the new
technology, or make the necessary investment in training.
The shortage of expertise and the need on all sides to find ways
in which it can be developed.
Attitudes towards AMT investments need to be reassessed.
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Training on technology needs must ~egin at the primary level, and
proceed all the way through to Un~versity.
The introduction of new technologies has reduced the working week
and resulted in improved standards of living and more leisure.
Product Design and Marketing
Comprehensive "Quality Assurance" programme is necessary to
ensure product quality is high.
The key factors are those of batch size and product range as
these determine the form of process technology required.
Industry believes that products and environments change too
quickly for them to formulate a manufacturing strategy.
companies must re-design before they automate.
Robots are
machines.

"quality"

machines,

rather

than

labour

saving

corporate strategy and Planning
The managing director must be convinced that their production
methods can be improved with automation.
Management Information Systems give a company the ability,
through its information systems network, to monitor the costs and
performance of each stage of the system. A company without such
a system is unable to calculate the worth of a robot, or conduct
a successful audit.
Too few companies ask themselves whether automation is going to
solve the fundamental problem.
Automation has to be the last phase of a rationalisation plan.
Automate "step by step", otherwise known as "rolling" automation.
Solve the easy problems first.
Companies must have a business strategy.
AMT should not be justified on labour reductions alone.
The availability of grants should not influence a company's
decision to invest in AMT.
There must be a team or project leader whose role is to manage
the project.
The company's "philosophies" must be converted into strategies
and plans before the "technology" is considered.
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consultants are a resource that have to be managed as they only
give advice, and are not responsible for it.
companies are short sighted.
emphasis on future development.

They do not place sufficient

Larger companies have to look over their shoulders at their
shareholders as a response for not being innovative or
modernising their production lines.
Banks generally finance short time scale projects, with proven
and mature technologies, where the risk is low.
Many inventions are never developed into products because few
bodies are prepared to provide the development support needed.
There is a large (but decreasing) lead time between invention and
industrial use.
For effective
required.

strategic planning

a

"top-down"

approach

is

The cost of making the wrong decision is very high.
companies too often adopt AMT for the wrong reasons.
Automation is designed to manufacture existing products.
computers have been used to do what we already do, but there is
real potential to do things in ways previously impossible.
It is a question of balancing what computers do best, and what
humans do best.
The importance of short term financial criteria and obsession
with labour reductions should be reduced.
Planning is needed at all business levels.
Years of planning are required before systems can be implemented,
and even longer before they can be judged a success.
The true benefits of AMT only accrue when the system is used to
its full potential~ and fully integrated.
The chief manufacturing task is to become more flexible, and
responsive to the needs of the customer.
Equipment suppliers

The equipment suppliers must aim for lower robot cost systems.
The reason for the slow market uptake, is that industrial robots
of the current vintage are not yet as effective as humans in most
jobs.
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Suppliers must adapt their equipment for different manufacturing
systems.
AMT has to be made more user friendly.
Research is concentrated
Intelligence,
Artificial
development.

into specialised aspects
rather than on basic

such as
product

Reported inadequate after sales service by the suppliers is a big
deterrent to the diffusion of AMT.
Design AMT to minimise maintenance and service requirements.
Close liaison should exist between the suppliers of AMT and the
company planners to avoid pitfalls.
Too often the problems of
overlooked.

"scaling up"

the technology are

company specifications for equipment has to more
represent the actual operations they want it to do.

closely

Smaller companies rely more heavily on equipment suppliers.
The software is just as important as the hardware.
Companies have to manage the equipment suppliers just as closely
as their own personnel and operations.
Equipment suppliers are more interested in short term sales,
rather than long term growth.
The optimum method of implementing automation is through a
"systems house" or Integrator.
Trying to manage the AMT equipment suppliers is a more
sophisticated job than that of the conventional suppliers.
There is always the temptation to purchase a system that is too
sophisticated for the task in hand.
Agents and Suppliers of AMT do not necessarily sell the "best"
solutions to the company due to the restriction of their product
range and commission rates.
companies have to find the optimum balance of utilising "inhouse" expertise, and the expertise of the suppliers.
National and International Issues

Britain has a national problem of under resourced research and
training.
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The smaller companies are in need of national assistance as they
are less able to manage on their own.
Governments give in one hand, and take back with the other.
Nothing is given away free.
AMT software and hardware businesses are truly international.
The OK government is the only government that abides by the
rules.
society is more demanding, and wants more choice than the present
society can provide.
The British manufacturing companies have become complacent over
the last generation, and have now a severe lack of understanding
for being competitive.
British companies fail to appreciate the need for retraining and
education.
Manufacturing systems
companies should initially focus on simplifying the environmental
activities such as factory layout, machine changeover times,
master production schedules, component supplier partnerships and
information systems prior to automating.
There is a need for linkage between the "islands" of computing
and automation.
companies do not take a systems view to their operations.
until the company fully understands their operating system, they
will not appreciate the fundamental problems and barriers.
company's systems have to be changed to meet the requirements of
the technology.
The problems are not in actually operating the machinery, but in
the effective use of them.
Proven technology should always be used at bottlenecks.
Advanced Manufacturing Technology must go hand in hand with other
changes to manufacturing, and the business as a whole.
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Appendix XXI
Thoughts and COmments from the Institutional Personnel
To supplement the information given in the main text,
individual thoughts and comments from the transcribed interviews,
with institutional representatives, are given below. They have
been divided up into five categories
Human Resources
Product Design and Marketing
Corporate strategy and Planning
Equipment Suppliers
Miscellaneous
HUman Resources
The control of the workforce and the reduction of employment is
said to be the key criteria for adopting automation.
There is a shortage of people with the skills and knowledge of
machine tools, and an appreciation of electronics.
New systems have meant the introduction of recording work and
jobs done, making employees accountable for what they do.
Advances in human resource management revolve around motivation
and job rotation.
"Accountants" do not understand the "needs" of the "Engineer".
High staff turnover resulted in a lack of continuity, with too
many people re-learning the basics.
Worker participation is the key to future success.
Traditional management practices are just as bad if not worse
than working practices.
people who had done the manual work appreciate AMT, and are aware
when the machines are malfunctioning.
Employees have to be educated, to appreciate the advantage of new
systems.
Ideas go from the workers to the board, whilst orders go from the
board to the workers.
Every company and its employees have to gain experience and join
the learning curve for implementing AMT.
Breaking with traditions is hard, (ie all aspects from human
attitudes to production methods, and management practices).
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People have to have the right attitude, discipline and
temperament for automation. AMT requires a different "Culture".

product Design and Marketing
Automation leads to more standardised and modular products.
Design changes are technological (to improve performance) and not
to simplify the manufacturing process.
Automation places new emphasis on the
manufacture.

need to design for

Pulled by commercial reality to focus on our product range.
Manufacturing now build to order and not to forecast.
Products have to become more modular.
Keeping pace with the rate of development of product technology
is just as difficult as keeping pace with production technology.
Initially, automation has to manufacture existing designs.
Reason for automating
traditional markets.

was

to

broaden

horizons

trom

the

corporate strategy and Planning
Automation systems are easier to install on "green field" sites.
Our competitors have driven us into automation.
The control of the business and its key costs are critical.
Larger companies are focusing manufacturing by having their
different sites producing different products.
Manufacturing
Early
Involvement
(MEI)
systems,
where
manufacturing, engineers, and designers collaborate at an early
stage of new product development, a~e essential to fully utilise
automation.
concentrate on the manufacturing functions the company does well.
It is utopia to believe that you can have a factory of the future
with no lights or people, but it could be the target.
The opportunity cost of not automating is a strategic problem.
with manufacturing becoming a smaller part of the company's
operations as a whole, one must question the value of
manufacturing at all.
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cannot afford to implement the wrong system or technology.
optimise the whole system, and not the sUb-systems.

Manufacturing Systems
Automation has "tea breaks" when it is positioned in the middle
of a production line.
A greater proportion of manufacturing activities are critical.
The critical factor with robotics is the operational cycle time,
as this governs the number of additional operations that can be
carried out simultaneously.
The system is only as good as the weakest link.
computer integrated business systems give a company total control
of their business.
The most sophisticated manufacturing facilities do not guarantee
success.
Despite all the publicity over ANT, it only affects a small part
of the business. However, new inventory and production control
systems affect everyone.
When apparently difficult systems are introduced successfully,
they seem so simple.
Keep manufacturing simple.
Production balancing and scheduling has to be controlled more
implicitly.
"Islands of Automation"
functions it does best.

will

be

concentrated around

those

Rationalise the existing manufacturing systems before considering
automation, as many cost efficiencies can be made cheaply.
Cannot hope to integrate manufacture until there are many islands
to be linked. It is unlikely to be feasible to make a new link
every time an installation is made, but it can be part of a plan.
Research and Development resources often concentrate on the
product rather than on how it is made.
Computer integrated manufacture forces companies to integrate and
communicate, but shop floor data collection remains the greatest
hurdle.
Data is never collected on the performance of each different
machine, but on the system as a whole.
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Production makes what it is told to make, and therefore product
costinq is not their responsibility.
It still remains a challenqe to an enqineer, to be able to
manufacture what a desiqner wants.
Findinq the most appropriate system for the job in hand is the
most difficult task.
One has to seriously consider production volumes and existinq
desiqns before considerinq the value of automation.
Post implementation audits are not carried out.

Kiso.llp.ous

Fleet manaqement makes the manufacturers responsible for what
they make by carryinq out servicinq and maintenance.
cannot copy the Japanese Methods and Practices.
Machine tools mostly come from overseas countries.
AMT is rarely used by those who develop and manufacture it.
suppliers call out charqes are excessive at £500 a day.
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Appendix XXII
outline of the structure of Questions Asked at the Surveyed Companies
General Questions
1.
2.

History, background and development of the company.
corporate aims and objectives.

Questions on the Implementation of AKT
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Sequence and timetable of events for implementing AMT.
Project team and leader.
Identifying the need for change.
Awareness of AMT equipment.
Consideration of alternative solutions.
Timing of the implementation.
Position of the manufacturing site.
Preparing for the automation.
Selection of the AMT equipment.
Justification and financing the AMT.

Questions On Kanufacturinq Resources
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Manufacturing strategy.
Process positioning.
Choice of process.
Characteristics of the manufacturing system.
Investment and cost.
Infrastructure and organisation.
Focussed manufacturing.
Problems and implications of adopting AMT.
Measuring the performance of AMT.
Human resource management.

QUlstions on the lusin.ss Activiti.s.
23.
24.
25.
26.

Product Design.
Procurement of component supplies.
Marketing products manufactured with AMT.
Maintenance of AMT.

Qu.stions on the Ixternal Influences
27.
28.
29.
30.

OD

the company

AMT equipment suppliers.
Financial institutions.
Government.
Management consultants and professional institutions.
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General Questions

~

History, background and development of the companY.

How has the company developed since it was formed ?
What significant changes have taken place ?
Which of these changes were carried out by the company and which
were enforced onto the company ?
What traditional ideologies and images has the company evolved?
How would you describe the overall competitive position of the
company ?
What are the major factors which are affecting the company and
the methods of trading today ?
What role does manufacturing play within the company ?

~

corporate aims and ob1ectives.

What are the company's short, medium and long term aims and
objectives?
How have they changed over the last decade ?
How far into the future does the company plan ?
How is the company performing against its aims and objectives ?
What is company doing to achieve its aims and objectives ?
Who are the main competitors ?
On what grounds do they compete and in what way are your products
different ?
Would you describe your company's strategy as defensive or
offensive ?
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Questions on the Implementation ot ANT
~

Sequence and timetable ot events tor implementing ANT.

What were the company I s previous experiences with new technoloqy?
What procedures does the company have for accepting or rejecting
AMT ?

What are the differences, if any, between procedures for past
investments and those involving ANT ?
What timetable or programme was
project?

~

introduced to control

the

Proiect team and leader.

Was there a special team formed to look after the AMT project ?
Who were the team of decision makers ?
From which specialities were they drawn from ?
How regularly did they meet ?
Who was the proj ect leader,
require?

~

and what crudentials did they

Identifying the need for change.

When did the company realise that it had to change its existing
manufacturinq methods ?
Who was credited with initfatinq or identifyinq the need for
change ?
What performance indicators were used to deduce the deficiency?
What manufacturing operation or area was identified for change?
Were any of the followinq factors influential :
- customer demand for product variety, quality, delivery ?
- new advancements in manufacturing technology ?
- new advancements in manufacturing techniques ?
- knowledge that some operational inefficiencies could be
achieved ?
need to maintain a competi ti ve advantage over
competitors?
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~

Awareness of ANT equipment.

How was the company made aware that AMT was available ?
How and when, was the company made aware that AMT could be a
possible solution ?
2L

Consideration of alternative solutions.

Having established that change was required :
What alternatives to AMT did the company consider ?
were the following possible alternatives rejected
- doing nothing ?
- buy a traditional machine simply for replacement ?
- subcontract the work to other companies ?
- use less sophisticated technology ?
- improving present products on existing technology ?
- improving present manufacturing techniques ?
- use more cost effective materials ?
- overhaul the existing equipment ?
Timing of the implementation.
Why was the decision to invest in AMT taken at the time it was?
Was the timing of the implementation a specific strategic
decision or was it just the next stage in the automation process?
Was the timiming of the implementation influenced by the :
- level of consumer demand in the market ?
- known robustness of the technology ?
- prospect of being market leaders in the technology ?
- actions of competitive companies ?
Does the company :
- lead the rest of the industry ?
- invest continually in the most up to date equipment ?
- wait until the technology has been proven ?
- wait until it is possible to leapfrog competitors ?
~

Position of the mapufacturing sit.!

Why was the factory located where it is ?
Was there any difficulty in installing the new equipment ?
To what extent do the present factory facilities restrict changes
in layout and equipment ?
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~

Preparing for the automation.

Does the company have a development plan for the implementation
of AMT ?
How far through the plan is the company ?
How detailed is the plan ?
What areas of the company are affected by AMT installations ?
What physical preparation is required prior to the installation?
To coincide with the implementation of ANT did you need to alter:
- any manufacturing techniques ?
- the production operating schedules ?
- products or product lines ?
When did the installation of the equipment begin and how long did
it last for ?
What
unexpected
problems
implementation process ?

~

were

encountered

during

the

Selection of the ANT equipment.

How did the company decide what was the best alternative?
How did the company draw up the equipment specification ?
What procedures were adopted for selecting the technology ?
How were the AMT suppliers chosen ?
What guidance did the suppliers give in the selection of AMT ?
To what extent did you rely on the experiences of other companies
or management consultants ?
Was the installed system more or less complex than initially
intended ?
Did the availability of the technology have any influence on the
technology installed ?
Was the purchased equipment :
- already operational in some other company ?
- adapted to meet specific operational requirements ?
- custom built for the company ?
What are the special attributes of the AMT equipment ?
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Do you obtain ANT equipment and accessories from :
- many small companies ?
- many small companies but controlled by a 3rd party ?
- one main supplier who can provide all the equipment ?
- one supplier who is responsible for small suppliers and
the project as a whole ?

~

Justification anO financing the IKT.

Who conducted the investment appraisal ?
What criteria were used in the projects appraisal ?
What method of appraisal was used ?
What criteria
acceptance ?

does

the

appraisal

have

to

achieve

before

How are non-financial criteria accounted for ?
Was the individual investment appraised or the whole system ?
What was the size of the investment(s) ?
What form of grant aid was available ?
What is the assumed life of the equipment ?

Qu.stions on Manufacturing R.sources

IlL KlDufactyring strategy.
What were the components of the company's manufacturinq strateqy?
How were the strateqies implemented in practice ?
What role did ANT have in the strategy ?
What measures were used to monitor the performance of the AMT and
the manufacturinq strategy ?
What are the material and informational flows around the factory?
What are the inputs, precesses, outputs and feedback control
loops to the system ?
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~

Process positioning.

What is the
functional)

layout

of

the

factory

?

(continuous,

flow,

How has the factory layout changed over the past decade ?
How would the process positioning be affected by significant
changes in volume ?
How is the introduction of new technology affecting the number
and proportion of products manufactured in-house ?
~

Choice of process.

What are the scales of production for the different processes
within the company? (one-off, low or high volume)
What are the corresponding methods
process? (job, batch, continuous)

of production

for each

What is the nature of the manufacturing equipment at each stage?
(dedicated, flexible)
What is the investment into the equipment at each stage and the
corresponding operating costs ?

~

How do the above change with the volume changes depicted by the
product life cycle ?

If.

Characteristics of the manufaqturing system.

What AMT has been installed ?
What automation is planned for the future ?
How sophisticated is the aut'omation ?
How well integrated is the AMT with other production and
computing systems ?
What is the nature of the process technology? (general purpose,
dedicated)
What is the process flexibility ?
What are the production volumes ?
How are changes in capacity coped with ?
What is the key manufacturing task? (cost, delivery, accuracy)
What is the dominant utilization? (labour, plant)
376

1ZL Investment and cost.
What is the level of capital expenditure ?
What is the level of inventory for :
- components / raw materials ?
- work-in-proqress ?
- finished qoods ?
What is the percentaqe breakdown of total costs :
- direct labour ?
- direct materials ?
- indirect labour ?
- factory overheads ?
~

Infrastructure and organisation.

How is the
centralised)
What
is
the
beuraucratic)

orqanisation

controlled

orqanisational

style

?
?

(centralised,

de-

(entrepreneurial,

What is the level of specialist support to manufacturinq ?
Has the introduction of automation resulted in a revision to the
orqanisational structure of the company ?

l2L

locussad manufaqturing.

Has the introduction of new technology allowed the company to:
- reduce or increase production volumes ?
- orientate manufacturinq towards products ?
- orientate manufacturi'nq towards the market / customer .?
- greater specialisation amongst its employees
- improve its utilization rates ?
Is the company following /
markets?

leading its competitors or its

How has the introduction of automation influenced :
- the number of component suppliers ?
- order and frequency of buyers' orders?
- tolerance levels demanded and quality expected ?
- monitorinq of incominq goods ?
Has the present system evolved over time or is it being imposed
in one go ?
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Does the company try and model itself on other company's systems
or processes ?
Has the company expanded its manufacturing site ?
~

Problems and implications of adopting AHT.

What have been the comany's impressions of the AMT that has been
installed ?
What have been the implications for the
manufacturing activity of adopting ANT ?

company

and

the

What implementation procedures would be done differently with the
benefit of hindsight ?
What have been the major problems ?
Could these problems have been overcome with better control,
planning or expertise ?
What have been the social implications of adopting AMT ?
Has ANT made the employees / mangement more accountable ?
What expected problems or benefits have not materialised ?
What events have occured which had not been expected ?
In which area of the company has there been greatest change in
the last decade ?
In which areas has greatest success been achieved ?
In which areas has least success been acieved ?
Where will future company resources be concentrated ?

IlL Measuring the performance of ANT.
What performance indicators or measures are used to evaluate the
automation and manufacturing systems ?
What specific data is collected to calculate these indicies ?
How is the data collected, recorded and stored ?
What use is made of each indicator ?
Has the introduction of new technology affected the way the
methods by which the company measures its success ?
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~

HUman resource management.

with regard to AMT what training has been carried out ?
When was the training carried out ?
Is the training and development part of an overall plan ?
What skills and qualification are required to operate the new
equipment ?
Did the company need to employ new personnel ?
How many employees does the company employ ?
How many employees did the company employ ?
How do you envisage employment levels changing in the future ?
What has been the effect of AMT on :
- job descriptions or specifications ?
- job grades and wage systems ?
- the level of supervision ?
- proportion of qualified engineers to manual employees ?

ouestions on the Business Activities.
~

Product Design.

(Based on the questionnaire in Appendix I)
What is the process for designing new products ?
Where do new designs originate from ?
What has CAD and CAB systems
not previously possible ?

~llowed

the company to do which was

Is there any integration between CAD or
computerised or manufacturing technology ?

CAE

and

other

Is CAD leA! used to design existing products better or totally
new products ?
What emphasis do designers' make on the ease of manufacture?
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~

procurement of component supplies.

Has the company reduced the number of component suppliers ?
Has the company reduced the proportion of components bought from
external suppliers ?
How would you describe the relationship that you have with your
suppliers ? and how has this changed over the last decade ?
To what extent do you implement BS 5750 ?
Have you any such standads imposed on you ?
What quality checks do you have on incoming components ?

~

Marketing products manufactured with

ANT.

(Some questions in the Product Design questionnaire, shown in
Appendix I, were directed towards the marketing activity)
What products are being made ?
What markets are they aimed at ?
What influence has this had on the company's strategies ?
How have competitive companies moved within this market ?
What types of products are manufactured ? (special, standard,
unique)
What is the product range? (narrow, wide)
How many variations of each product are made ?
What is the rate of new product innovations ?
How long does it take to introduce a new product ?
How has the introduction of AMT affected :
- the number of product variations manufactured using the
new technologies ?
- the ability of the company to enter new markats ?
- the marketability of the company ?
- the spedd at which changes are made ?
How is the manufacturing activity affected by product life
cycles?
How has AMT affected product life cycles ?
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How closely do you monitor the product life cycles of your
products ?
How well informed is production of forecasted production volumes?

~

Maintenance of AKT.

(based on the questionnaire in Appendix Ill)

Questions on the Exterpal Influepces on the company
~

ANT equipment suppliers.

(Based on the questionnaire in Appendix 11)
How many suppliers were contacted to give estimates ?
How did the company select its suppliers ?
How would the company describe the relationship that existed
between them and the suppliers ?
What problems were encountered when dealing with suppliers ?
In general do you think the suppliers of automation
- fail to put their customers' first?
- are willing to adapt their products to a customer's
precise specification ?
- have too much control over the management of the project?
- fail to provide an efficient "after sales " service ?
- force their products or those of thier suppliers onto the
customer eventhough it may not be optimal ?
- were relied on too he'avily ?
How much involvement do you think the suppliers of automation
should have in the selection, installation, training and
mangement of AMT implementations ?

IlL

linancial institutiops.

How did the company raise the finance for its AMT projects ?
What constraints were placed on any borrowed money ?
How knowledgeable do you find the financial institutions on AMT?
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ll.L

GoverDllent •

Have you had any involvement with any government bodies regarding
AMT ?

What does the company think the role of the government should be,
in general and with respect to AMT ?
What assistance or aid could the government give to promote AMT?
What is the company's opinions on the present AMT initiatives?
Do you believe that companies
assistance from the government ?

~

in the UK expect too much

Mapagement consultapts and professional institutions.

How did the company asses the need to contact external bodies ?
How did the company become aware of what assistance
information was available from external bodies ?

and

Did the company obtain any assessments from external consultants
with regard to ANT ?
Did the company have a clear role and specification for any
external body or were they given a free hand ?
Has the company any comments on the way in which the consultants
conducted their work ?
What kind of advice was forthcoming from the consultants ?
Did you seek advice from any of the professional institutions ?
What do you think should 'be the role of the professional
institutions ?
Do you think they should play a more active role in promoting
AMT?
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Appendix XXIII

Topic;

specimen Data Recording Sheet

AMT Investments

Justification of

Question; 1.
2.
3.

4.
5.
COMPANY

Appraisal Techniques and conditions
Tangible Benefits
Intangible Bebefits
Size of Investment
Source and Availability of Grant Aid
1

3

2

1
2

3
4

5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
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4

5

Appendix XXIY
Hypotbeses - Researcb rindings Paragraphs Matrix
Hypotheses

General Research

1

2, 46, 47, 52

2

9, 13, 34

3

4, 14, 19, 28, 55, 59, 63

Hypotheses

Implementation of AMT
6

4

1,

2,

3,

4,

5

1,

7,

8,

9, 10, 11, 12

6

7,

9, 13, 14, 15, 16, 17, 18

7

Hypotheses

5,

19, 20, 21, 22, 23

Manufacturing Systems

8

24, 25, 26, 27, 28, 29

9

21, 30, 31, 32, 33, 34, 35, 36

10
11

Hypotheses

1, 22, 37, 38, 39
17, 40, 41, 42, 43, 44, 45, 46

Business Activities

12

29, 47, 48, 49

13

30, 35, 40, 50, 51, 52

14

53, 54, 55, 56, 57, 58, 59

Hypotheses
15
16

External Influences on the System
60, 61
3, 10, 61, 62, 63, 64
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Appendix XXV
Research Findings paragraphs - Thesis Section IDJmbers Matrix

Justifying and Financing of AMT
1
2
3
4
5
6

4.4.4
4.4.2
7.2
7.2
4.4
7.2.2

7.2.2
4.4.3
7.2.2
7.2.3

Planning for the Implementation of AMT
7
8
9
10
11
12

4.1.1
4.1.2
4.1
4.1
4.1
5.1

4.1.2
5.2.3

4.2.1
5.3.4

5.3.3

4.3
4.3

Managing the Process of Selecting the most Appropriate AMT
13
14
15
16
17
18

4.1.1
2.3
4.3.2
4.4
6.3.2
5.1.1

5.3.3
4.1.3

4.1.4

4.1. 5

6.3.2

Implications of Previous AMT Installations
19
20
21
22
23

4.1.3
4.2.2
5.1.1
5.1.3
5.1.1

4.1.4
5.4

4.1.5

5.3.2
5.4.3

Implications of AMT on Human Resourse Management
24
25
26
27
28
29

5.1.4
5.2.4
5.2.1
5.2.3
6.4.2
6.4.1

5.2.4
5.3.2
7.1.4
6.4.2

Implications of Adopting AMT on Production Operations and
Incorporating the Technology into a Manufacturing strategy
30
31
32
33
34
35
36

5.1
5.1.4
5.3.1
5.3
6.3.3
6.1
5.4

5.2.4
5.4
5.4
6.5

7.4.5
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Appendix XXV (continued)

Measuring the Performance of AMT
37
38
39

4.3.1
5.3.1
4.1.4

5.3.3
5.3.3
4.3.4

7.1.2
7.1.3

Finding the most suitable Technology to Integrate
into the Manufacturing System
40
41
42
43
44
45
46

5.3.1
5.3.5
4.3.3
6.5.1
4.2
4.2.1
5.4

5.4
7.1. 3
6.5.2
4.4
4.3.1
6.1

The Affects of AMT on the Marketing Activity
47
48
49

2.2.3
2.2.3
4.3.3

6.3.1
6.3.1
6.3.1

6.3.3

The Affects of CAD and CAE Technoloqy on Product
Desiqn and Designing for Manufacture Procedures
SO
51
52

5.1.1
5.1.2
5.4

6.1.3
6.2

Manaqing the AMT Equipment Suppliers and
Building a Partnership with the component Suppliers
53
54
55
56
57
58
59

4.3.2
6.2
6.2.1
7.1.3
4.3.1
7.1.2
7.1.3

7.1.2
6.2.3
7.1.2
7.1.4

Trade Union Attitudes to AMT
60
61

7.3
7.1

7.2

7.3

7.4

Inteqratinq AMT into the Whole Business System
62
63
64

7.4
6.5
6.5
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