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SUMMARY 

This thesis is concerned with the implementation of industrial robots within 
manufacturing industry. Its basis is an action-research study of the method by 
which an international food company adopted robot technology, carried out from 
the novel perspective of a direct participant in the adoption process. 

Previous studies of robot adoption are shown to concentrate on particular aspects 
of the implementation process without providing the overall view that industry 
needs. In contrast, this study took the original approach of synthesising the 
organisational, financial and technical aspects of the implementation process 
within a comimon framework. 

Identification and assessment of the opportunities for applying robotics, 
preparation of detailed design solutions, development and implementation of the 
first production system were carried out. It was found that many potential 
applications were not cost effective and required excessive floorspace in 
comparison with conventional manufacturing methods. It was also found that 
integration of the robot systems and organisational resistance to change were 
significant factors. It was further found that the poor cost-effectiveness of the 
robot systems was due to: the inadequacy of payback appraisal in accounting for 
qualitative factors; the short-term assessment of robot applications as discrete 
projects and the need for high levels of ancillary tooling. 

Novel outline specifications for robot systems to meet the food industry's special 
needs were derived, an alternative method of financial appraisal, a new parameter 
for assessing robot system design and an original plan of work for managing robot 
implementation projects were developed. 

It is concluded that a longer-term planning orientation which links the 
implementation of robotics to the company's business strategy and an integrated 
approach to managing the adoption process are crucial to successful robot use. 
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1.1 Introduction 

(1) This work is concerned with the effective implementation of robot technology 

within a large manufacturing organisation, a subject whose importance has been 

emphasised in recent years in both the national and technical Press. 

“By any standards, whether absolute or relative, Britain is 
doing badly in the robot race. In 1982 British industry was 
able to muster a paltry 1,500 robots compared with some 
43,UUU in Japan" (2). 

"British Industry is not applying new technology to its 
products and production processes at anything like the 
rate of its overseas competitors, (and when it does )... 
many apparently sound investments in new technology are 
a failure" (3). 

The gap between Britain and its foreign competitors is widening, by December 1985 

the United Kingdom had installed 3,208 robots compared with Japan's 64,000, the 

USA's 2U,0U0 and Germany's 8,800°4, 

The implementation of any new manufacturing technology is a complex task; 

(5) 
Bessant’’, for example, listed over sixty characteristic factors in his study of 

manufacturing innovation. However, the implementation of industrial robots is 

more complex than introducing other "new technologies". The Media portrayal of 

(6) highly sophisticated "Star Wars" robots and the overselling of the current 

technology by the industrial robot industry itself, has led to a situation where "both 

workers and managers are more sensitive to their introduction into the workplace 

oD), than they are to the introduction of other new technologies’ Although it is 

arguable that "robots tend to excite widespread comment far in excess of their 

actual current importance" (8), there is no doubt that a company trying to 

implement robots for the first time faces a considerable problem - a quarter of 

(9) them never make it **’.



Problems with achieving successful implementation of new manufacturing 

technologies are not restricted to robots, or even to the UK however. Reporting on 

the application of new manufacturing technology by US industry Skinner sa 

that 

The recent ACARD report G2) on advanced manufacturing technology 

",.. In the face of a pressing need to change the factory, 
increasing both its mechanisation and its humanization, 

we are apparently making slow progress. 

In the face of an increasing rate of technological change 
and potential for automation, actual applications are 
surprisingly cautious. 

In the face of expanding uses for the computer, its effects 
in reducing lead times and costs and in improving quality 
of output are disappointing. 

In the face of what appear to be enormous opportunities 
for retooling with modern numerically controlled gear we 
see a slowdown in orders." 

"The fact is that technology is too far ahead of its 
management. We already have enough technology 
available to transform the batch manufacturing 
industries. We do not have sufficient awareness of how to 
implement and manage it." (11). 

confirmed this 

"... there was now a general awareness of the existence 
and scope of AMT. There was, however, considerable 
uncertainty as to how such technology could be put to 
work to reach its full potential and how to implement it". 

(13) 

’states 

also 

Thus there is an urgent need for research into the implementation problem. As Voss 

states: 

"Effective technology based competition requires good 
management of new technology; of its development, 
selection and implementation. The current research 
thrust in areas such as Information Technology, Robotics, 
Computer Integrated Manufacture, etc., need 
complementing by research aimed at ensuring that the 
adoption and implementation of these technologies is 
effective (14).



1.2 Background 

At the start of this research in September 1982, total UK expenditure on food 

accounted for 10% of overall GNP at £20 billions, of which £2 billions was spent on 

(15) confectionery, whereas the food industry used less than 0.2% of all industrial 

robots installed in the country at that time (16), + The adoption of robots by Trebor 

was therefore an example of a pioneering adoption of industrial robot technology 

and would therefore involve the whole range of problems which previous research 

had identified as accompanying pioneer robot adoption. 

Trebor Limited is a family-owned international manufacturer and wholesaler of 

confectionery and snack-food products with a turnover of £231M in 1984. It 

employes approximately 3000 people and operates three manufacturing sites in the 

United Kingdom at Chesterfield, Colchester and Maidstone. 

Although the food industry is generally traditional and slow to change, Trebor has a 

history of innovation in the technical and organisational fields, its links with Aston 

University stretching back to the "Aston Studies" in the late 1960's on production 

technology and organisational structure’ . This appreciation of the importance of 

social psychology in industry was later developed into an explicit Company 

philosophy and the introduction of factory organisational structures based upon 

autonomous work groups. In the technical area Trebor was a pioneer in the 

application of microprocessor technology to batch and continuous food processes, 

and by the early 1980's had built up considerable experience and expertise, 

establishing a rationalised approach to system implementation at relatively low 

cost. 

This project thus offered an excellent opportunity to study in depth the process of 

implementing robot technology, as the adopting company was not only a pioneer in



its industry, but was also aware of the importance of managing innovation well, had 

(18) previous experience of collaborative research and had in-depth knowledge of 

implementing an allied technology. 

The specific problem addressed by this research was therefore to: 

a) successfully introduce industrial robot technology into Trebor Limited; and 

b) research the robot implementation process as a case-study of manufacturing 

innovation. 

1.3. Research Design 

Substantial research has been carried out in the field of new technology adoption 

(19) over the last thirty years since Carter and William's influential study in 1957. 

Much has been learnt about the adoption process and the factors which influence it 

for a wide rage of technological innovations. (ref. for example Nabseth and Ray 

(2u) (21) (22) 
» Chakrabarti and Rubenstein » Rogers and Shoemaker 9 SPRUE (23) 

However manufacturing innovation, as opposed to process or product innovation, 

has received comparatively little study. Manufacturing innovation refers to 

changes in the manufacture of goods which although radical do not change either 

the product or the basic process (24), such as the use of industrial robots for 

example. Although robots have been in use since the early 1960's, the earliest work 

on their adoption and diffusion was not carried out until 1979 at the University of 

Aston (ref. Zermeno-Gonzalez (29). Zermeno, Moseley and Braun (26), and Fleck 

(27),



This research, covering a sample of 32 cases involving 147 robot installations, 

highlighted both the difficulty in achieving successful implementation and the 

complexity of the adoption process: 

Analysis of the 32 cases (ref Fleck (28)) 

Project was an initial failure: 44% 

and subsequently abandoned: 22% 

and further developed 6% 

was eventually successful 16% 

with simpler devices than originally used: 12% 

44% 

Remaining projects were successful* 56% 

100% 

* success defined as use in normal production, not merely technical success. 

Factors in the Adoption of Robots (ref. Fleck, op cit.) 

Favourable conditions for robotisation 

An effective robot champion in the adopting organisation. 

The commitment of top management. 

Previous experience of automation. 

Presence of existing automation in the process to be robotised. 

bad working conditions in the process to be robotised. 

Labour problems (turnover, shortage, absenteeism) in the process to be robotised.



Careful consideration of automation alternatives, including robots. 

Careful assessment and monitoring of the economic performance of proposed 

systems. 

Unfavourable conditions for robotisation 

The absence of the above favourable conditions. 

Low investment levels in industry. 

Unfavourable robot-labour cost relationship. 

Weak robot supply and service infrastructure. 

Unsuitable production patterns or volumes. 

Advantages of robotisation. 

better process control. 

Elimination of human variability. 

Labour savings. 

Improvements in quality and consistency. 

Productivity improvements. 

Problems over robotisation. 

Difficulties in getting the overall system to run. 

Selection of appropriate robot model. 

Long development periods: more than two years in many cases. 

Considerable managerial effort required. 

Organisational resistance from various sources. 

Need for extensive training. 

Difficulties over retaining trained personnel. 

The Aston research thus indicated the need for further study of the robot adoption 

process. The large number of factors which this early work identified, highlights



the inadequacies of much of the previous (and in some cases) subsequent research 

on robot implementation as well as on manufacturing innovation in general. It 

shows that despite clear evidence that the process of manufacturing innovation is 

influenced by numerous factors across the technical, financial and managerial 

disciplines, many authors have tried to model the process from the perspective of 

their own discipline and have either ignored or oversimplified the areas outside it, 

even though it is clear that the areas are linked - not least by the fabric of the 

adopting organisation itself. 

Thus engineering studies of robot implementation have tended to focus on the 

technical aspects of the problem. Where these authors have mentioned the non- 

technical issues, they have tended to restrict them to well-defined stages in the 

implementation programme, separate from the technical factors. Or, they avoid 

considering these wholly complex and difficult non-technical issues by 

oversimplifying the financial and organisational context of the problem. For 

(29) example Davey's model of the organisational context of robot adoption below. 
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Figure 1.3.1 Model of the Organisational Context of 
Robot Adoption



The accountants and management scientists who have improved our understanding 

of these social and financial issues still, when discussing the technical factors, 

gloss-over the problems assuming that they have already been solved by the 

(30) 
engineers. For example, Bessant quotes Johnson 

"The technical problems we can solve - the people 

problems are hell!... the technology gets pushed aside 

because people don't understand it." 

This lack of cross-fertilisation and the absence of work which attempts to 

understand the problem as a whole rather than from just one specialist aspect - is 

the major limitation of the literature on the implementation of new technology. 

The thesis of this research is that in reality these areas are not separate, it is only 

the professional and academic demarcation which appears to make them so. Thus 

it aims to test the hypothesis that an integrated multi-disciplined approach to 

robot implementation is crucial to successful robot adoption. 

The case study approach which this work is based upon has received some criticism 

in the past for producing results which are: 

".. highly specific, making little contribution to the 

general understanding of the problem under 

investigation." (31) 

However, recent studies on manufacturing innovation (ref. for example Rothwell 

G2) and Utterback 3) ) suggest that research methods in this field should in fact 

",, gear themselves towards a closer study of a smaller 

number of firms - and aim at collecting richer and more 

specific information about their behaviour." (34)



"Innovation research has produced plenty of factors 
associated with successful innovation, what are needed 
now are methods for achieving them; it is suggested that 
these will only be found by innovation researchers being 
involved with innovation and experiencing the process for 
themselves" (35) 

Case study research is regarded as an effective methodology for researching 

(36) 
manufacturing innovation » particularly when it is carried out within the 

framework of clear theoretical concepts. Bell G7) cites Heclo in arguing for the 

advantages of this approach. 

"If case studies represent confused realism in search of 
an analytical framework, the pragmatic approach 
resembles an analytic framework in search of realism. 
There is something to be gained from each but perhaps 
more to be gained from a mood combining both". 

Thus this research aims to combine the currently separate, single disciplined 

studies of robot implementation by studying how these areas interact during the 

adoption process, in order to develop a multi-disciplined framework which will be 

of practical use during subsequent robot implementation projects. The practical 

orientation of this research project - the successful introduction of robotics at 

Trebor - also required that the research method provide predictive guidance as the 

project proceeded. Retrospective analysis would clearly not provide this, and so an 

action-research approach was adopted. 

" Action research aims to contribute both to the practical 
concerns of people in an immediate problematic situation 
and to the goals of ... science by joint collaboration within 
a mutually acceptable ethical framework ... differing 
from other varieties (of research) in the immediacy of the 
researcher's involvement in the action process." (38) 

This immediacy was obtained via the researcher's direct participation in the 

implementation process as leader of the robotics project. Thus the research 

10



became an integral part and strong influence upon the adoption of robots by Trebor 

and allowed 

" "privileged access' to data and situations which are 

normally not easily accessible to the basic researcher ..." 

(39) 

which provided the insight into the reality of robot implementation in the industrial 

context needed to test the central hypothesis. 

The contribution to knowledge provided by this thesis is that it shows that the 

introduction of robots by a manufacturing organisation has financial and 

organisational dimensions which are intertwined and inseparable from its central 

technical activities; and that because of this fact, an integrated approach to robot 

adoption is crucial. 

li



CHAPTER TWO 

REVIEW OF LITERATURE 
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2.1 Introduction 

The magnitude and complexity of the robot implementation problem was 

established in Fleck's“) study of the diffusion of robots in British manufacturing 

industry which identified thirty factors relevant to the adoption of robots by 

individual firms. A significant point was the diversity of these influencing factors, 

ranging across the technical, economic, organisational and labour aspects of robot 

adoption. The multi-disciplinary nature of the implementation problem is borne 

out by a later survey of the introduction of automation by manufacturing industry, 

(54) which identified nine "barriers to introduction": 

i. A lack of funds. 

2. Insufficient technical expertise. 

3. A belief that further automation would not be economic for the product 

range. 

4. Shop floor resistance. 

5. Limitations of capital justification techniques. 

6. Fear that technology will be better tomorrow than it is today. 

7. Insufficient drive/support from top management. 

8. Insufficient drive from middle management. 

9. Other reasons. 

As can be seen from the above list, the problem of introducing new technology 

crosses disciplinary boundaries to present a highly complex and unstructured 

Picture. The recent report by the ACARD on AMT proposed a number of guidelines 

for its introduction. These included: 

- Manufacturing technology is a top management responsibility and the main 

board must monitor its appropriate implementation. 

13



~ AMT investment cannot always be justified by a conventional financial 

analysis. Justification should include indirect savings, intangible benefits 

and the consequence of not investing. 

- Implementation of AMT should take into account the eventual integration 

into an overall system. 

- Commitment and detailed planning, involving competent, well-trained staff 

at every level are prerequisites for successful implementation. 

- Manufacturing is a strategic issue and should be part of the overall 

(42) 
corporate strategy . 

If this report is correct, and these principles are necessary conditions for success in 

AMT adoption, then the aspiring project manager is faced with considerable 

problems, as they imply: 

a) aradical shift in the attitudes of top managers; 

b) a completely new method for appraising capital investment proposals; 

c) the immediate development of interface and communications standards for 

computer controlled machinery; 

d) a reversal of the current chronic shortage of skilled personnel. 

Even if these points were not implicit in ACARD's recommendations, each of the 

guidelines is a significant task in itself and understates the radical changes needed 

in most companies to achieve them. A drawback of the report is that it omits to 

mention that all these disparate issues are interrelated, and that the interaction 

between the various aspets of the change process critically affects the success of 

14



the implementation project. In this ACARD follows the tradition of previous work 

on the introduction of advanced manufacturing technology. The breadth and 

complexity of the problem and the range of disciplines implicit in it, has led to a 

body of literature, which although well established, is segmented. Studies to date 

have, in approaching the problem from a particular point of view, tended to 

concentrate on that aspect of the problem and have not grasped the complete 

picture. If one extends the argument that the separate aspects of the problem 

must be linked in some way, because of the very nature of manufacturing firms, 

then the interaction of these non-separate issues will be a critical factor. This is 

the major hypothesis which this research aims to test. 

Prior studies of the process of innovation have been of two main types: firstly 

those which aimed to identify the factors whch affect the successful development 

or adoption of a new innovation by an organisation, and secondly those which aimed 

to model the process by which an innovation diffuses through organisations, 

industries or society generally. A number of studies have attempted to measure the 

constraining and facilitating factors affecting innovative performance: (Ref. for 

example NEDO (43): SPRU (44) Bessant (45) ) These studies uncovered a large 

number of factors of varying importance in a wide range of areas. However there is 

general consensus as to the key factors for success in the development or adoption 

of a new innovation. 

"Analysis of past technological innovations reveal a 
number of factors all of which appear to be present in 

many successes, and one or more of which are found to be 

frequently absent in failures".(46) 

These are: 

"* Top management must be committed. 

* Innovation must play a role in the company's long term corporate strategy. 

* Top management must accept risk. 

15



An environment must be created in which entrepreneurship can flourish. 

* There must be good co-ordination between all in-house functions. 

There must be effective coupling with external sources of expertise. 

* Companies must retain gifted and committed entrepreneurs) 

In the particular case of manufacturing innovations; Bessant“12) reports the 

following characteristics of firms which were successful. 

i) Presence of technically orientated, informed management. 

ii) Effective planning and control of projects. 

iii) Innovation strategy including a portfolio of projects 

iv) Greater consideration of training needs. 

v) Use of participative design and introduction strategies. 

(49) Together with other innovation studies (ref. for example Ettlie 

(50) 61) 
’ 

, Chakrabarti 

and Rubenstein Radnor et.al., this body of knowledge clearly 

demonstrates the range and diversity of factors which influence the adoption of 

both manufacturing and process innovations. The adoption process is shown to be 

complex and variable, influenced by a large number of factors both internal and 

external to the innovating company. This has subsequently led to the concept of a 

(52) "constellation of factors" influencing adoption and the "growing emphasis upon 

the fact that it is the combination of factors which are important rather than 

single elements." OD, 

In some opposition to this view however, have been studies which have focused on a 

particular aspect of the innovation process as being more important. For example, 

(54) Twiss suggests that 'management style' is of over-riding importance "acting as 

either a barrier or promoter of successful innovation." Fleck?) reports that of 

the thirty factors found to influence the adoption of robots by manufacturing 

firms, three were generally more determinant of successful adoption than others: 

16



a) The existence of extensive previous experience with automation. 

b) The availability of appropriate electronic and programming skills. 

c) The poor working conditions of the manual task before robotisation. 

These findings are particularly relevant to the Trebor case as all three of these 

factors were present and influenced the adoption process. However, for Trebor, it 

was the existence of some negative previous experience with automation which 

hindered introduction. Poor working conditions or an unpleasant manual task were 

also significant factors in the selection and appraisal of both the first and second 

robot systems. Other factors however, have been stressed in studies which 

followed Fleck's early work. In fact, research since that time which has focused on 

the organisational aspects of the adoption/implementation process has taken a 

number of somewhat different viewpoints. Bessant argues that slow diffusion at the 

level of the firm "cannot be accounted for by a single causative factor or group of 

factors... it is a complex pattern." (56) He goes on to say that the "diffusion factors 

do not represent blocks so much as delays to the adoption of eveterne In 

arguing that adoption is a learning process within which there is an element of 

choice relating to the large number of variable factors he suggests that a 

contingency approach to the innovation process is the most appropriate. He 

develops this point in the concept of "design space" as a representation of the 

options available to the organisation undertaking technical change. 

  

[GOMPANY DETERMINANTS] [ENVIRONMENTAL DETERMINANTS | 

[MANAGEMENT CONCERNS], = cay [EMPLOYEE CONCERNS] 
  

Figure 2.1.1 Design Space Model 
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The design space represents the degree to which the technology lends itself to 

being shaped to fit its organisational context, rather than being fixed as in the view 

of technological determinism. Bessant suggests that the contingency approach to 

the introduction of new technology offers the best descriptive theory of the "types 

and extent of choices open to managers and other decision makers within the firm". 

68) Whilst it is true that the model helps to define the boundaries of the problem, 

it falls short of providing insight into its solution. To state that "it is impossible to 

prescribe a single 'best' solution to a given problem because the effects of so many 

variables . . . must be taken into account" (69) is to avoid the issue. The engineers 

faced with the task of achieving successful technical change within a company 

cannot avoid the fact that it is a solution orientated activity - an operational 

system is the expected end result. The implementation process involved in 

achieving that end is very important, but is not an end in itself. In adopting the 

contingency approach Bessant loses sight of this point. His model generalises the 

change process to such a degree that it is of little practical use in the actual 

company environment. It may be argued that theories of technical change are only 

valid if applicable to the real problem situation in its organisational context. As 

such, they must be implementation or solution orientated. Mills (60) case study of 

the introduction of new technology to the manufacture of cable looms at Westland 

is an example of this. Again, a certain aspect of the implementation process is 

stressed, as Mills strongly emphasises the participative nature of the Westland 

process between management and operators as being the key to successful 

technical change, although he also notes that the technology itself is a limiting 

factor on the rate of implementation, an often overlooked point. 

However, Greenhalgh)? suggests that relationships within the management 

structure itself are crucially important. Although both Mills and Bessant agree 

that the attitudes of management are important, Greenhalgh goes further to say 

that "the root of the (implementation) problem appears to lie in the intuitive model 

18



that is used by senior management when planning and implementing such projects 

",.. when it comes to implementing high technology, the assumptions about the 

working of the individual, the group and the whole organisation are simplistic in the 

extreme", 62) Greenhalgh argues that the classical approaches, such as those 

presented by Bessant and Mills ignore two essential elements of technical change 

within an organisation. Firstly, he states that "technical excellence is always 

subservient to political expediency" in that the "decision about and the 

implementation of a high technology project must be negotiated with the power 

groups within the organisation = And secondly, that the implementation process 

is itself fluid and subject to change, as it exists within a changing organisational 

environment. Fleck agrees with Greenhalgh in that resistance to robot adoption 

was most prevalent at middle management level, rather than from the 

shopfiaor.°”” However, he regards this as a direct result from the fact that "the 

particular set of skills and knowledge embodied in an individual ... represents an 

enormous amount of time and effort to which he is de facto committed ( and which 

can) ... shape his perception at a subtle level in such a way that he may find it 

difficult to recognise the relevance and importance of other newer bodies of 

thought."62) This concept of "cognitive inertia" and committment to particular 

bodies of expertise is presented as being at the heart of resistance to change within 

organisations. Fleck develops the argument to state that for these reasons the 

time to learn and adapt to the new expertise and knowledge is the principle 

delaying factor in the adoption of robots, and the management of expertise and 

knowhow resources within the firm is the crucial factor in effective 

implementation. 

The question of the degree of relative importance of individual influences on 

adoption suggests two alternative hypotheses: either the adoption process within a 

given organisation has at its core a small number of "key factors for success" or 

adoption is always an ‘organic' multi-variable process resulting from the 

interactions of many influencing factors. The validity of these two views can only 
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be further investigated by in-depth study of individual organisations undertaking 

significant technical change, as recommended by Utterback'6®), This research, in 

studying as a participant the implementation of robot technology by a 

manufacturing organisation, aims to examine these alternative models of 

innovation. 

In the Trebor project the organisational aspects were found to dominate the 

adoption process to an extent which surprised the researcher, whose background 

was predominantly technical. His training taught him to take an objective 'hard' 

solution-orientated view of the implementation process and to underestimate the 

'softer' issues involved. This bias is also evident in the technically orientated 

approaches to the problem in the literature. 

2.2 The Organisational F ocus 

To date there has been little research specifically on the organieationale.” aspects 

of robot adoption. However, there has been a long tradition of research on other 

new technologies in the past, such as microelectronics and numerically controlled 

machine tools, as well as extensive study of innovation and new technology 

adoption. 

(68) Carter and Williams' pioneering study of industrial innovation in 1957 linked 

the 'technical progressiveness' of the firm to its 'general quality’, and identified 

twenty four parameters of progressiveness such as: a deliberate survey of potential 

ideas; effective internal communication and co-ordination; rapid replacement of 

machines and the use of scientists and technologists on the board of directors. 

Burns and Stalker's 2) highly influential work on innovation mangement later 

identified two distinctly different types of company organisation: organic and 

mechanistic. They reported that the mechanistic form is appropriate to an 

organisation in an unchanging environment and stable conditions, and that the 

organic form is appropriate to changing conditions - such as the management of 

technological innovation. 

20



Their mechanistic versus organic organisations are characterised in the following 

way. 

Mechanistic Organic 
* problems/task broken down * problems not broken down/divided 
into specialist roles 

* each sees task as distinct * individuals have to perform specialised 
from task of whole, as if task in light of knowledge of 
each were a sub-contractor tasks of whole 

* precise definition of * jobs lose formal definition in terms 
technical methods, duties, of methods, duties, powers - continually 
powers in each functional redefined through interaction 
role 

* vertical integration within * integration lateral as much as vertical 
management. 

Much later, Kanter‘7) jinked this mechenistic/organic model with the problem 

solving approach needed for innovation, arguing that the organic form allows an 

"integrative" way of approaching problems 

".. to see them as wholes related to larger wholes, and 
thus challenging established practices - rather than 
walling off a piece of experience and preventing it from 
being touched or affected by any new experiences" 

and the "entrepreuneurial spirit" within a company to flourish. Burns and Stalker 

stated that although organic systems are not hierarchical, they are stratified 

according to seniority within the organisation. The formal structure replaced by 

the 

".. growth and acretion of institutionalised values, beliefs, 
and conduct, in the form of commitments, ideology and 
manners, around an image of the concern in its industrial 
and commercial setting..." (71) 

and that commitment of the individual to the goals of the organisation is "far more 

extensive in organic than in mechanistic systems./2), 

The organic/mechanistic model of Burns and Stalker was reinforced by the work of 

(73) McGregor at that time, his Theory X - Theory Y hypothesis provided two sets 

of cultural beliefs which paralleled their argument to some extent. 
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Theory X 

1. The average man is by nature indolent - he works as little as possible. 

He lacks ambition, dislikes responsibility, prefers to be led. 

He is inherently self-centred, indifferent to organisational needs. 

He is by nature resistant to change 

He is gullible, not very bright, the ready dupe of the charlatan and the 

demagogue. 

The implications for management are: 

1. Management is responsible for organising the elements of productive 

enterprise - money, materials, equipment, people - in the interest of 

economic ends. 

2. With respect to people, this is a process of directing their efforts, 

motivating them, controlling their actions, modifying their behaviour to fit 

the needs of the organisation. 

3. People must be persauded, rewarded, punished, controlled, their activities 

must be directed. 

Theory Y 

1. People are not by nature passive or resistant to organisational needs. They 

have become so as a result of experience in organisations. 

2. The motiviation, the potential for development, the capacity to assume 

responsibility, the readiness to direct behaviour towards organisational 

goals are all present in people. It is responsibility of management to make 

it possible for people to reorganise and develop the human characteristics 

for themselves. 
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3. Management is responsible for organising the elements of productive 

enterprise in the interest of economic ends, but their essential task is to 

arrange the conditions and methods of operation so that people can achieve 

their own goals best by directing their own efforts towards organisational 

(74) 
objectives. 

Much more recently Mills has linked McGregor's X - Y model to the process of 

introducing new manufacturing technology at Westland Helicopters. The thrust of 

Mills! argument is the need to integrate the technological and personnel aspects of 

change during implementation of the new system. He reports how the 

implementation process is linked to the phasing of separate technological 

developments necessary for the eventual system, by implementing the development 

in three phases the technical risk is reduced - and the opportunity for bringing 

together the technical mechanistic aspects and the organic people aspects of the 

change process is enhanced, smoothing the adoption process and increasing 

commitment to the new technology. 

McGregor's work is particularly pertinent to the Trebor case-study because it was 

the foundation for later work on work groups - an organisational form which was 

being introduced at Trebor during the robot's project. This work resulted in a body 

of opinion suggesting the organic model offered the best way to structure an 

organisation due to its compatibility with the then current social psychological 

view-point: 

"], Individuals are motivated by higher order needs as well as by economic 

needs. 

2. Individuals derive their primary work satisfaction and motivation from 

work groups (they provide a source of norms, values and security.) 

3. Therefore work groups should be developed instead of manipulated. 

4. The role of the supervisor is to develop cohesive groups and motivate them 

by including group members in decision making. 
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5. The supervisors act as the lynch pins which hold the organisation 

together!” ) 

The work-group form has been applied by Trebor in its new factory at Colchester 

throughout the organisational structure, and during 1985, was beginning to be 

applied at Maidstone. The form has however come under some criticism in the 

literature because 

"like the earlier mechanistic approach it implies that 
there is one best way for the development of 
organisations! structure and process." 

despite the fact that 

",,. the evidence is weak that this 'one best way' leads to 
happier people or greater productivity in a wide range of 
organisations." (76) 

However, there is little doubt that the mechanistic form - which arose from the 

very early management science research - has severe and quite horrible 

consequences. For example, it has been argued?” that the only reason that the 

(currently) unsophisticated industrial robots can be applied in today's industry is 

because of the long established Tayloristic approach to manufacturing organisation 

which has led to the fragmentation and deskilling of industrial work. Taylor, (78) 

and his successor Gilbreth developed three principles of scientific management 

which aimed to analyse and simplify work so that it could be better controlled and 

directed by management in order to increase efficiency. These were: 

"]. Greater division of labour: production processes were to be analysed 

systematically and broken down into their component parts, so that each 

worker's job was simplified and preferably reduced to a single, simple task. 

Greater specialisation would lead to greater efficiency, while the deskilling 

of tasks would also allow cheaper, unskilled labour to be hired. Greater 

division of labour would in turn remove functions from the shopfloor. 
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2. Full managerial control of the workplace was to be established for the first 

time, and managers were to be responsible for the co-ordination of the 

production process that greater division of labour had fragmented. 

3. Cost accounting based on systematic time-and-motion study was to be 

introduced to provide managers with the information they needed in their 

roles as the controllers of the workplace. 

The application of these principles since the thirties has led to the repetitive, 

dehumanising, and unskilled jobs which robots are now being used to automate. 

Scientific management has been and still is widely applied in industry. Its 

attraction lies in its universal applicability and its rational-scientific basis which 

makes it naturally attractive to engineers and management. 

There have been hypotheses suggesting key individual explanations of innovative 

success as far back as 1gaq,(80) Since Schon's®2) pioneering study of military 

innovations in 1963 the concept of 'project champions’ and their influence upon the 

innovation process has been the subject of extensive research. For example, 

Maidique lists nine different names for the championing role (82), The common 

point made though is the importance of championing to the innovation: 

"the new idea either finds a champion or dies" (6?) 

Project SAPPHO\®4) carried out by the Science Policy Research Unit at Sussex 

University, researched forty-three matched pairs of innovations and provided 

evidence in support of the champion hypothesis, identifying four roles which 

influenced the probability of successful innovation: 

Technical innovator - made the major contribution on the technical 

side to the development or design of the 

innovation. 
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Business innovator - responsible for the overall project process. 

Chief executive - head of the company, M.D. or C.E.O. 

Product champion - actively and enthusiastically promotes the 

progress of the project through its critical 

stages. 

Even the Japanese with their essentially communal culture have recognised the 

need to foster individuals in this mould, as "samaurai teams" have been formed 

within the largest corporations to get non-routine tasks done more quickly.” The 

Western literature also stresses the heroic nature of the championing process - 

indeed the term itself conjures up visions of "white knights", and rugged pioneers, J) 9! 

"What distinguishes ‘winners' from 'losers' is the 

enthusiasm, determination and aggressiveness of the 

project champion'"(86) 

"If he is in a company which needs fundamental change to 

survive, he must be prepared to put his job on the line at 

regular intervals by pushing through contentious issues 

which could bring the business crashing down around his 

ears".(87) 

".,, the project champion must place the success of the 

project above all else - including career and personal 

interests." (88) 

(He is an individual) 

",, capable of using any and every means of informal sales 
and pressue in order to succeed." (89) 

Not the sort of person to get in the way of ... however, some authors play down 

the more extreme characteristics. 

"., they are not rugged individualists but good builders and 

users of teams... (they) use a process of bargaining and 

negotiation to accumulate enough information, support, 

and resources to proceed with an innovation ... not a 

matter of domination of others, but rather a coalition 

building to persaude others to contribute what they can to 

the innovation's launching" (90) 
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Not as exciting, but more reasonable perhaps. In fact a recent conference 

concluded that the reality of project championing is a subtle political process 

"... effective champions actually reduce the risks that 
they face by acting on probabilities and by presenting 
their arguments incrementally, but tenaciously, so to 
reduce the perception of others that what they are doing 
is in any way unusual or risky. They saw the successful 
champions as both insightful and diplomatic, and skilled at 
organisational politics - an attribute not ascribed to them 
in much of the literature." (91) 

  

Despite this disagreement as to the characteristics of project champions the 

literature is in close agreement as to their importance: 

"the weakest element in a company's business is not the 
level of technology it uses but the key people who manage 
the introduction of new technology and determine 
whether or not it is a success".(92) 

The decision involved in the adoption of a new innovation was first proposed as a 

five stage process which occurs over a period of time by Rogers and Shoemaker. 

(93) 

1. 

3. 

4. 

5: 

The Awareness Stage. At this point the individual learns of the existence of 

the new idea but lacks any kind of information about it. 

The Interest Stage. The individual becomes more interested in the idea and 

consciously seeks out further details. 

The Evaluation Stage, The individual considers how best the idea could be 

applied to the present or future situations and whether or not to try it out. 

The Trial Stage. At this point the individual actually applies the idea on a 

small scale so that he may carry out tests and see if the idea can be 

incorporated in his own situation. 

The Adoption Stage. At this stage the individual takes up the new idea 

completely. 
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The complete process is illustrated below. (Fig 2.2.1) 

AWARENESS 

INTEREST 

EVALUATION REJECTION 

      
    

REJECTION 

DISCONTINUANCE) 

Figure 2.2.1 The Adoption Process 

Later researchers have suggested alternative models of the adoption process (ref. 

(94) Nabseth and Ray (95) but these have in general followed for example Bessant, 

the format of a sequential series of information gathering steps. Bessant 

additionally lists the stimuli which may be responsible for bringing the attention of 

a company to a new innovation: 

a) rational development from existing work already being carried out: 

b) review of the state-of-the-art technology as a response to an identified need 

within the company; 

c) promotion by outside agencies, government, trade associations or suppliers; 

d) awareness that adoption was already being undertaken by a competitor. (96) 

2.3 The Technical Focus 

Of the three aspects to the problem of implementing robot technology - 

organisational, technical and economic - the technical aspects have been the most 

well documented during the diffusion of the technology over the last twenty years. 

Work in this area has been of two main forms: either prescriptive methodologies 

for implementing the technology in a manufacturing organisation, or case-study 
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material describing the experiences of the early pioneer adopters. Much of the 

case material is unstructured and application specific. However, the remaining 

work is well developed and contrasts strongly with the organisational focus 

reviewed above. 

renee presented the earliest systematic approach to robot applications 

development in 1976, based upon ten years experience of using robots in the U.S. 

automotive industry. In it he states that "the development and implementation of 

industrial robot applications can best be approached through a logical sequence of 

steps (which) generally follows the same basic sequence as any other manufacturing 

process. However, the robot's unique combination of flexibility and limitations 

requires some special consideration for successful application." This contrasts 

markedly with the contingency approach described above and indicates the wide 

gap between the organisational/innovation theorists and the robot applications 

engineers. The implementation process recommended by Tanner consisted of six 

stages: 

i) Become familiar with the basic capabilities and limitations of the 

equipment available. 

ii) Carry out an initial survey for potential applications. 

iii) Consult with robot manufacturers on feasibility of identified applications. 

iv) Select the simplest jobs for the first application. 

v) Study the job in detail. 

vi) Design the system, evaluate non-robotic solutions. 

vii) Implement the design solution. 

In these stages he makes no mention of any of the non-technical aspects to 

implementation in the same way as the social scientists tend to omit the technical 

(98) 
aspects in their studies of the process. Liff brought the two sides closer 
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together in a 1977 paper where he stressed the importance of identifying and 

analysing the prospective application areas, examining the socio-economic aspects 

of these areas and forecasting their significance for the company in the long term 

before investing in any hardware. Haupt?) of IBM, one of the adoption pioneer 

companies outside the car industry, disagreed with this view. He argued for a more 

pragmatic approach - "in order to be successful you have to make an up-front 

investment.. the way to gain experience and credibility is to start with a simple 

application and grow in complexity as you learn from experience" Estes 

General Electric and Macri (101) 

(100), 

of Ford also emphasised the importance of 

learning quickly through hands-on experience and of choosing the right first 

application. 

technology are the major limiting factors in adoption. 

review state 
of the art 

carry out initial 
application survey 

consult with robot 
manufacturers on 

applications 

select simplest 
job first 

| 
study job 
in detail 

| 
design a 
system 

| 
implement 
a system 

(ref. Tonner ) 

define area 
of study 

carry out rough 
analysis of each 

workplace 

select suitable 
applications 

carry out detailed 
analysis of 
the selected 
applications 

prepare system 
specification 

design system 

implement system 

(ref. Warnecke & Schraft ) 

This ties in with Fleck's point that skills and expertise in the 

prepare automation 
strategy 

implement support 

organisation 

sell proposals 
to workforce 

get some 
basic knowledge 

agree RO! policy 

identify, prioritise 
and select 
applications 

implement first 
system 

(ref. Teale ) 

Figure 2.3.1 'Technical' Approaches to Robot Adoption 

The two striking features of the technically orientated approaches listed above are 

firstly their close agreement (Figure 2.3.1). They are all sequential processes based 
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upon the identification and development of the optimum first application. 

Secondly, they are all structured methods. The technical school repeatedly make 

the point in the literature that the complexity of the issues involved in developing 

robot applications requires that a structured approach is adopted. (ref. Tanner, 

Estes, Warnecke & Schraft (102) (105) » Teale » Dorf (104) 5 This conflicts directly 

with the organisational school who argue that the complexity of the problem 

demands an unstructured, flexible approach, which can be adapted to match the 

problem situation as it develops. 

The literature upon design methods for robot applications is generally either 

specific to a particular type of application such as palletisation (ref. Grab (105) for 

example ) or to a particular industry. Although it is clear that the scope and 

diversity of robotics technology has led more general studies to simplify the system 

design process, some work has been carried out which identifies the general 

principles involved, although there are substantial differences of opinion within 

this body of work. For example Warnecke and Schraft a) describe a highly 

structured application planning and design methodology based upon the use of 

functional diagrams and checklists, whereas Nof and Lechtman focus on 

"traditional industrial engineering approaches to work system Gesign'eo and 

apply these in the robot context. They recommend "a skills analysis approach to 

identify the skills and abilities a robot operator will need to best perform the tasks 

of a given job" and a method of robot-time-and-motion study to model the robot 

operations from knowledge about their mechanical design and work patterns. This 

is truly ironic; the very methods which led to people being analysed as machines in 

‘Tayloristic' fashion - the method is "analogous to methods time measurement, 

which has long been in use for human work analysis" - are now being applied to the 

work of "robot operators". The language reflects some confusion here; there seems 

to be some difficulty in distinguishing between people and machines. An earlier 
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paper by Nof et. ay 128) takes the comparison of humans and robots to almost 

obscene lengths, applying bogus scientific analysis to human skill in order to decide 

if it is robotisable. Such work is not only of questionable morality, but it leads to 

the design of systems where all the tasks that can be automated are done by the 

robots, and the fragmented, often deskilled work that is left is done by people. A 

study of the use of robots in Volkswagen has demonstrated that rather than the 

introduction of robots leading to the improvement of working conditions: 

",.. on the contrary, there are even some cases which are 
to be characterised as deterioration. This occurs, above 
all, in cases where the robots have assumed the task of 
handling the tools and left the worker only with the task 
of handling the material, that is, feeding new materials 
into the machine. 

+ especially conspicuous was that in many cases the 
factory control of the work rhythm was increased and the 
workers freedom of movement was thereby further 
restricted." (109) 

Thus instead of robots being used to free man from the drudgery of some kinds of 

work, they are being used to even further control and deskill it. Taylorism is not 

dead - it is alive and kicking in some robot engineers. Rosenbrock highlights the 

fundamental attitudes which lie behind this approach: 

"If watches were made in the old way it would be very 
easy now to replace the woman who picked up the watch 
plate and placed it in the jig for drilling by a general- 
purpose robot. No engineer would do this because it is too 
extravagant: the robot has much greater abilities than are 
needed for the task which can be done by a simple pick 
and place device. The human being has still greater 
abilities but they are not subject to the same concern" 
(110). 

He thus argues that it is the attitude and philosophy of engineers in seeing the 

consequences of their designs in their social context that is key to ensuring that we 

do not use robot technology to misuse human ability. 

(111) 
Parnaby reports from studying Japanese manufacturing systems that the 
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design of flexible manufacture involves a "shrewd and professional combination of 

new technology with methodology which developes the adaptive capabilities of 

people and uses simplified systems and procedures". He links this particularly 

closely with organising for innovation and "combining manufacturing systems 

design skills within a framework of business strategy appreciation." He further 

specifies five basic stages common to all problems of flexible system design or 

redesign 

"1. System 'steady-state' or average performance design, starting at the end of 

the process and working back, each sub-system is designed using detailed 

input-output analysis. A preliminary simplification into basic key 

functional needs of the homogenous cell elements and their interactions 

starting from a simplified conceptual design is required. 

2. Dynamic design of each cell or module based on what if questions about 

disturbances to product volumes, product mixes and machine reliability. 

3. Definition of all control functions and their information and exception 

report needs. 

4. Control and information-flow systems design using a hierarchical multi- 

level approach - top down planning. 

>. Design of the task-force team and procedures for performance 

improvement". 

The key principles of Parnaby's approach, i.e. design of component modules or cells 

from a consideration of the total manufacturing process, conflicts directly with the 

workplace focus of the Warnecke Schraft and Nof methodologies, but the total 

system view has gained increasing attention following experiences with flexible 

33



manufacturing systems for component machining (ref. for example Bjérke itz) and 

Vuzelov (113), Vuzelov for example cites the following advantages of the modular 

approach: 

reduction of prime cost 

shortening of system design, planning and installation lead time; 

increased capability for small batch manufacture; 

gradual introduction of sub-units to match learning curve; 

application of standard hardware and software; 

high reliability 

The literature on the use of robots in the food industry has been in the form of 

reviews of the technology, ( ref. Smith 14), Lee Q15) sutctitfe cate); very little 

case-study material on actual applications has been published as yet. An important 

exception is a paper by crapt!t7) of Unimation, West Germany on the use of 

robots for packing yoghurt cartons into plastic trays and tray palletising- 

depalletising. This is very similar to a number of Trebor applications and so is 

especially pertinent. (Figure. 2.3.2) 
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Figure 2.3.2 Robot Palletising Station (ref. Grab loc.cit.) 
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The following advantages of the robot palletising station are reported 

- universal use in spite of different, permanently changing products and 

variable quantities 

- off-line programming of different palletising arrangements (both compound 

arrangements and simple arrangements, different layers with different 

configurations and parts orientation in one layer) 

- easy alternation of the programme after a production run 

- short time adaption to new product types (high machinery reuse) 

- high reliability (96-98% uptime) provides higher outputs than manual 

methods. 

Specification 

Robot: Unimate 2570 

Load capacity: 58kg; reach 220° @ R2.8m 

Capacity: 1200 empty + 1200 filled trays palletising/depalletising per hour 

Robot handles 4 trays per grip: 625 pick/place operations per hour 

Cycle time: 11.55 average, inclusive of pallet enter and exit. 

System control: Siemens 631 simatic PLC, programme on EPROM. 

Grab also described a more complex system, again in the German food industry, 

palletising boxes onto three pallet positions. Pallet board infeed and load outfeed 

is achieved using AGVs transporting to and from a high-bay warehouse, thus closing 

the loop between the packaging line and despatch, (figure 2.3.3 ) 
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Figure 2.3.3 Robot Palletising Centre (ref. Grab.) 

Specification: 

Palletising 

Dimensions of 
boxes 

Weight of boxes 

No. of layers 
per pallet 

Pallet type 

Stacking height 

Pallet board 
capacity 

Max reach of 
robot 

No of palletising 
patterns on 
programme 

600 pieces per hour on 3 pallets 

L - 340mm 
W - 120 - 255mm 
H - 200mm 

3.2 - 5.4 Kg 

7 

Euro 800 x 1200 mm 

1400mm 

12 

1800m 
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(118) Sutcliffe mentions palletising as a major application in the food industry, for 

shrink-wrapped fruit juice packs, beer kegs, flour sacks and tea chests. smith19) 

argues that until recently "the food industry has lagged behind other industries ... 

on account of the inherent complexity and variability of the raw material, and the 

rigours of satisfying the demands of the consumer market." However, since 1976 

the application of microprocessors has permitted the automation of a wide range of 

batch-food processs. In particular Smith focuses on the combination of machine- 

vision with flexible manufacturing systems and robots as "many of the manual 

operations within the food industry are required owing to the need for visual 

evaluation of a complex food material followed by judgement of an appropriate 

subsequent action." He further discusses their application to: 

- inspection and grading 

- decoration 

- cutting 

- biscuit packing 

Packaging is one area which has been reported to be ripe for robot automation: 

"New robot techniques, specifically for parts handling ... 
provide unique opportunities for the application of robots 
in the packaging area and the potential here is enormous". 
(120) 

The Japanese in particular have recognised the potential impact in this area. A 

recent survey by the Japanese Packaging Machinery Manufacturers Association 

found that 95% of its members expected robotics to become an important element 

(121) Nala: (122) 
in future systems. provides an excellent summary of the problems 

of applying robots in the packaging field and the development trends needed to 

overcome them. The difficulties he reports as: 

1. The rather slow operating speeds of current robots. 

2. Existing packaging lines tend to move the product through the machine 
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which is the reverse of robotic operation where usually the robot moves 

around the workpiece. 

3. A robot system cannot be introduced without rearrangement of the 

surrounding machinery. 

4. The long established and highly rationalised packaging technologies and 

their efficient techniques used in conventional packaging machinery. 

He reports that operations with a suitable speed range will be robotised first, for 

example palletising and depalletising, the main problem being end-of-arm tooling 

design. Next, the packing of large sized products such as motorcycles, electrical 

appliances etc., will be robotised to meet the future diversification of products. 

Where cycle times are low enough, small parts will also come within the robotic 

capabilities, if the positioning accuracy required is not too rigorous. He comments 

that the main obstruction to the more widespread application of robotics to 

packaging is that of actuator performance; actuators are required which meet the 

speed, power and cost of dedicated mechanisms and which are remotely 

controllable. He predicts that stepping motor direct actuation of each movement 

in the mechanism and the level of sophistication reached in computer printers 

etc., suggest that these requirements will be achieved. The general trend he argues 

will be that the presently separate packaging machinery and robot technologies will 

merge to " be regarded as one mixing combined body". 

2.4 The Economic Focus 

The economics of implementing an advanced manufacturing technology such as 

robotics has received scant attention until quite recently. The growth in interest 

has been caused by an increasing realisation of the significant difficulties involved 

in the financial appraisal and measurement of capital investment projects which 

involve these new technologies. Most of the work has been carried out and 

presented from the point of view of the engineer or manager wishing to prepare a 

financial justification for a proposed project. This has therefore led to four main 

areas of literature. 
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i) Studies which identify and measure the benefits of robotic manufacturing 

(123) (124) 
ref. Hasegawa » Froehlich 

ii) Reviews of existing approaches to the accounting of project proposals ref. 

(125) (126) Bublick » Lewis et. al. 

iii) Critical reviews of existing approaches with an analysis of the problems 

and shortcomings inherent in current practice ref. Hastings (27), 

(128 ) (131) Goldhar ,» Owen (129), Small (130) Senker 

iv) Alternative approaches to the justification and assessment of projects ref. 

(132) (133) (134) (135) 
Hanify » Gold » Knott and Getto 

(137), 

» Gerwin » Heginbotham 

Mee) Primrose and Leonard 

(138) The use of payback methods of project appraisal are roundly criticised (as 

they are in the wider accountancy literature, see for example Glautier and 

(139) or Lumby (240), for the following reasons: Underdown 

a) Payback appraisal cannot cope with the complex and extended pattern of 

cashflows associated with the implementation of AMT. 

b) Time dependent cashflows such as taxation and capital grants are not 

adequately assessed. 

c) The payback method itself is analytically uncertain and is therefore open 

to different interpretations. 

(ref. Primrose and Leonard aay); 

It is argued that discounted cashflow (142) 

(143) 

techniques such as net present value or 

internal rate of return provide a much sounder basis for project appraisal, 

although even these have significant limitations. Another common theme is the 

(144) difficulty experienced in quantifying the indirect » intangible or qualitative 

factors which are relevant to the investment decision. Although it may be argued 
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that the concept of "intangible benefits" - like, as Sir George Porter recently 

commented about Unidentified Flying Objects -"presumably they must remain 

unidentified..."2°2) 

d (146) 

- is a dubious one, an apology for inadequate theory. Primrose 

and Leonar' in fact report that: 

"Most authors, when describing the advantages of FMS, 
suggest that a large number of intangible benefits exist 
which by implication are unquantifiable and thus 
precluded from any rigorous financial evaluation. Upon 
investigation, however, the present authors have found 
that all the intangible advantages normally quoted can, in 
fact, be quantified and that upon examination, some of 
these are actually shown to be disadvantages." 

Their method is based upon simulation techniques, the processing of a large 

quantity of data, and considerable thoroughness in the development of the 

simulation model, thus it is only viable for very large projects such as the FMS 

discussed by the authors. It would not be applicable for companies at the early 

stages of the adoption process, such as Trebor, as the cost and time required would 

be prohibitive. However, the concept that analysis of the intangible benefits can 

be achieved through use of a thorough decision model is an important one. In some 

contrast to this though, Gold a47) argues that the adoption of robotics and other 

programmable automation alters the fundamental productivity relationships within 

the firm to the extent that localised appraisal of discrete projects, such as in the 

Primrose-Leonard model, provides misleading results. Reporting on studies which 

suggest that: 

"... the most important source of major improvements in 
the cost-effectiveness of manufacturing operations over 
the next 10-20 years will be programmable automation." 
(148 ) 

he states that the use of robotics alters the relationships between the interacting 

components of productivity relationships (figure 2.4.1). 
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Figure 2.4.1 The Network of Productivity Relationships in Manufacturing (ref.Gold 

(149) 

The following changes are said to occur: 

a) The ratio fixed investment:direct labour input increases 

b) 

c) 

d) 

e) 

direct man hourszunit output decreases 

productive capacity:fixed investment decreases 

direct materials: unit output may either increase or decrease, but 

certainly changes 

indirect man hours: unit output increases 

41



Moreover Gold argues that existing methods fail to take into account not only the 

above changes but also their 'inter-connectedness'. He cites the following example: 

"se mechanising some manual operations would first 
affect the ratio of actively - utilised fixed investment to 
man-hours. This would tend to reduce man-hours per unit 
of output, while the attendant increase in fixed 
investment might alter its ratio to capacity. And if the 
innovation reduced scrap rates, it would also decrease the 
materials input volume per unit of output". (150) 

Gold's argument is especially pertinent to this research on the question of 

investments which although increasing the ratio of capital to labour inputs fail to 

improve productivity because of the low utilisation of existing capacity, because at 

Trebor a number of production lines are run for less than ten hours per week, (ref. 

a Trebor production manager January 1983). 

When one considers that the majority of work on the economic aspects of the 

problem has arisen from the technical management disciplines it is surprising how 

isolationist and theoretical the results have been. The process of carrying out the 

financial assessment of a project is almost never linked to either the project 

selection or development tasks, or even to the overall management and 

organisational aspects of the adoption/implementation process. Financial 

justification is presented as an unconnected task within the overall development 

process, usually with the aim of preparing a case for the project. 

Moving away from the focus on methodology, a number of authors blame the poor 

rates of robot diffusion in this country upon the domination of boardrooms by 

» (151) accountants - "to whom the bottom line is sacrosant" - who are unconvinced 

by arguments based around unquantified or intangible benefits. Hasting's M22) has 

cited engineers! generally poor grasp of accountancy as an important factor here. 

It is significant that there has been no investigation of the special problems of 

justifying AMT projects by the professional accountants. 
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Apart from the effects of demarcation at the professional level within 

manufacturing organisations, the literature indicates that accounting techniques 

used by a company often do not completely determine the project appraisal 

procedure. A number of writers describe how the financial appraisal criteria for 

capital investment projects are often 'modified' or even completely ignored as 

decisions are made based upon considered judgement of the various aspects of the 

(153) 
proposal. Nabseth and Ray reported that: 

"Calculating the profitability of a new process is more 
difficult than is usually acknowledged in studies on the 
subject ... This does not mean that firms do not try to 
estimate the relative advantage of a new process, but 
rather that their calculations are very subjective ... It 
follows that profitability calculations for new processes 
are very much linked with management attitudes, 

especially when experience of the technology is scarce 
and perhaps contradictory." 

(154) More recently Hastings quotes an Arthur D Little Inc. survey: 

"only one third of the (Fortune 500) respondents used 
rigorous return on investment or external auditors to 
justify systems . . . a surprisingly large number used 
management judgement." 

(155) This agrees with Gerwin's view that "Only a veneer of objectivity surrounds 

the adoption decision for major technological innovations." 

In his study of the introduction of FMS to caterpillar in the US Gerwin also 

confirmed Bower's earlier conclusion that: 

" capital investment evaluation is a process of study, 
bargaining, persuasion and choice, operating at many 
levels of the organisation and over long periods of time". 

If this is the case generally, then the actual accounting mechanism used is not such 

a crucial issue and does not explain the difficulties engineers are facing. Rather it 

would seem that a lack of skills in being able to pursue the bargaining and 

persuasion process effectively would be more determinant. This argument ties in 
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with the dichotomy between the engineers' rational, sequential approach to 

implementation, and the management school's flexible contingent approach. As 

bargaining and persuasion are generally unstructured iterative processes the 

contingent approach seems more appropriate. 

A second corollary of the isolated nature of work on the economic aspects of robot 

adoption is the lack of understanding of the effect of accounting procedures on the 

subsequent form that the installed new system takes. Common sense would suggest 

that engineers would design systems which maximise their return on investment 

(ROI) - therefore the way ROI is measured should in turn influence system design. 

There is some evidence that this is the case. Holland s126) noted in his review of 

BTR's experiences in applying robots that there was a surprising relationship 

between project capital cost and payback period. (see fig. 2.4.2) 

paveack 
PERIOD/ 5 

  

  

10K 100K 1M 10M 

PROJECT CAPITAL COST/¢ 

  

Figure.2.4.2 Graph of Payback Period for a Range 

of Robot Projects (ref. Holland“!?”)) 
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The question this raises is: what causes the better return on the mid-range 

projects? Is it the unsophisticated payback method BTR used for their appraisal? 

There is no doubt that the use of payback biases selection towards projects which 

have the highest yields in their early years. Such assessment focuses attention on 

direct cost as the prime benefits of the investment, particularly direct labour as is 

the case in the BTR projects. This focus on direct labour costs, despite the fact 

that they represent on average less than 20% of median factory cost prejudices 

against the development of systems which bring benefits in other areas, such as 

improved quality, reduced set-up times etc., as these variables do not get 

quantified. The remark "if it doesn't get someone out the door, we're not 

interested"* sums this attitude up. The effect of capital investment appraisal 

methodology upon manufacturing system design is therefore a crucial interaction 

between the technical and non-technical aspects of robot adoption. 

* (ref. a Trebor manager July 1983) although this is not Company policy. 

2.5 Summary 

The preceding review of literature provides a perspective to both the scope of the 

robot implementation task and to the level of development of prior research in the 

field. It shows that a robot adoption project has only a moderate chance of success 

and is influenced by a diversity of factors across the organisational, technical and 

financial disciplines. Particularly, it shows that it is not a purely engineering 

problem; non-technical issues are of equal importance. Thus the need to adopt an 

interdisciplinary study of robot implementation is suggested. 

However, the review has demonstrated that on the contrary much of the prior 

research has taken the narrower perspective of one of the specialist disciplines 
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from which to approach the problem. This has led to significant differences and 

conflict within the literature, particularly between the three key disciplines. 

Despite these differences, it has been shown that there are indications of linkages 

between the specialist areas within the overall implementation process. These 

‘hint' at the possibility of integrating the currently separate perspectives within a 

common framework, which would allow an overall picture of the robot 

implementation/adoption process to be gained. This would be a valuable tool for 

improving the management of future robot projects. 

As well as providing insight into the research 'problem' the review has indicated the 

direction that the research 'method' taken to solve the problem should follow. A 

number of authors have recommended that future work should concentrate on 

studying the complexities of implementation as a dynamic process in order to 

provide the detailed understanding of the problem ‘in action’ which will allow the 

currently diverse and separate lumps of knowledge to be brought together within a 

coherent framework; aiming to provide a picture which has both an outline which 

has form and structure complemented by detail which reflects reality. 

Thus the gap in knowledge which is to be filled by this research has been identified. 

It is to provide an understanding of the dynamic robot implementation/adoption 

process from the perspective of the engineer/manager responsible, highlighting the 

interactions between the various aspects of the problem which occur during the 

manufacturing innovation process. 
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CHAPTER THREE 

A CASE STUDY OF ROBOT TECHNOLOGY 

ADOPTION - THE TREBOR PROJECT 

47



3.1 Introduction 

This chapter describes the methodology used by Trebor to investigate, evaluate and 

adopt industrial robot technology. The Rogers and Shoemaker model of innovation 

is used to provide a framework for discussion of the three major stages in the 

methodology: awareness and interest in robotics, investigation and evaluation of its 

potential for the Company and trial adoption. 

It is shown how the robot adoption process was quite different from the Company's 

routine activities, and that it was influenced by the simultaneously organisational, 

financial and technical context in which it took place. 

3.2 Awareness and Interest in Robotics 

It is likely that individuals within Trebor first became aware of industrial robot 

technology in the late 1970's, as a result of the widespread publicity which 

accompanied its use in the European car industry. This awareness was sharpened in 

1980 by work carried out to identify potential applications for microprocessor 

(458), One of the technology within the company (ref. for example Gregory 

possibilities considered at this time was the use of pick and place robots for carton 

packaging, unit-load palletising and materials handling. Also in March of that year 

it was reported that Rowntree-Mackintosh, leader in the market at that time, were 

actively considering a multi-robot chocolate packaging line (ref.Marsh (159), Two 

factors which correspond well with Bessant's analysis of adoption stimuli; i.e. in 

response to an identified need or from awareness that adoption was already being 

undertaken by a competitor (ref. Bessant (160), 

During 1980 and 1981 robotics was discussed within the Technical division as an 
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attractive development area and this was reflected in the Company's 1981 

Technical Policy document which stated: 

"... in 1981 we will begin engineering research aimed at providing flexible 

mechanical devices to complement the application of microprocessors and 

thereby endorse our Production and Personnel Policies which aim to enrich the 

type of work we ask people to do." 

Therefore it is clear that Trebor's interest in robotics also developed from the wish 

to further apply microprocessors, a technology with which they had developed 

substantial expertise as a pioneer user since the mid 1970's. 

In late 1981 the Technical Division was approaching a zenith, both in terms of its 

level of activity and its influence within the Company. At that time a number of 

bold, highly innovative projects had been undertaken, ranging from the sequential 

control of packaging machinery through to the construction of an advanced new 

factory at Colchester in Essex. Many of these projects had been personally 

‘championed! by the Technical Director, who pursued strict policies on engineering 

and technical matters throughout the Group, and who had brought technology to be 

a highly visible issue in an essentially low-technology, traditional industry. His 

personal interest in the robotics idea was also a strong influence on its 

investigation being made part of Company Policy. Thus the main influences upon 

Trebor's awareness and interest in robotics where: firstly, in response to an 

identified need; secondly, awareness of their possible adoption by a competitor and 

thirdly, a strong commitment to the project from a senior manager (see figure 

3.2.1). 
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Figure 3.2.1 The Process of Conception of the Robotics Project 

Having identified robotics as offering potential advantages for the Company, 

Trebor management were faced in 1982 with the decision of how best to respond to 

this opportunity. The following factors were relevant to this decision: 

- robotics was a new, advanced manufacturing technology 

- there was almost no experience of using robots in the U K food industry 

- the confectionery industry was highly secretive, there was therefore no access 

to opinion leaders to discuss or share experience and risk 

- the company had no experience or expertise in robotics 

- substantial experience of a related technology had been acquired and a 

rationalised approach to their implementation had been developed 

- a good R & D team, skilled in 'mechatronics' were based centrally in 

Technical, although they were fully occupied on existing projects. 
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The solution approach chosen by Trebor management was to set up a project in 

joint collaboration with Aston University and recruit a graduate engineer to work 

on it full-time. The Company had experience of collaborative research with Aston 

through a previous project and considered this to be a good way of managing an 

innovative project as well as bringing extra engineering skills into the Company. 

The key factors in this approach were that: 

- the engineer was not an existing employee of the Company. 

- he had twelve months previous experience in the development of robot 

applications in the car industry (however Trebor had not regarded this as an 

essential criterion in recruitment for the position). 

- the emphasis of the project was to be mainly technical, aiming at the 

development of robot systems suitable for Trebor's special needs. 

- the engineer was to be jointly supervised by the Technical team and Aston 

University (figure 3.2.2) via the Total Technology, Interdisciplinary Higher 

Degrees (IHD) Scheme. 

  

          Professor of 
Mechanical Engineering    R & D Services 

Manager       

        
       

    

      
      

Development 
Engineer/ 
Research 
Student 

    

  

    

        

Research Fellow 
Technology Policy Unit 

Mechanical Engineering 
Manager 

LHD. Tutor 

Aston University     Trebor Limited       
Figure 3.2.2 The Robotics Project Supervisory Team 

The author therefore joined Trebor in September 1982 to manage the project and to 

achieve the following objectives within three years: 

a. To identify and assess the potential and implications for using industrial robot 

technology in Trebor's manufacturing processes. 
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b. To implement the first robot based manufacturing system in a current 

production process. 

c. To prepare detailed proposals for the second and third systems. 

d. To research the process of change involved in the robot implementation 

process, as a case study of manufacturing innovation. 

The scope of the project was specified as covering all manufacturing operations in 

the U.K. and all aspects relevant to the successful introduction of robotics into 

the Company. 

3.3 Investigation and Evaluation 

Following an initial review of the literature on robot applications engineering and 

study of the problem as presented, an outline plan for the whole project was 

agreed by the project team in October 1982 (see figures 3.3.1.). 

  

act = | 1983 1 1984 1985 re ONDUFMAUTTASONDUFMAMESASONDUFUAU IASON D 
  

REVIEW PREVIOUS WORK — 

SURVEY OF POTENTIAL ROBOT 
APPLICATIONS IN EACH FACTORY 

SURVEY OF CURRENT ROBOT | —— 
TECHNOLOGY 

CONCEPT DESIGN SYSTEMS & = 
PREPARE PROPOSALS 

APPLY FOR GOVT GRANT — 

PLACE ORDERS — 

BULD PROTOTYPE 
‘& DEVELOP 

(STALL SYSTEMS 
IN PRODUCTION 

(COMMISSION 

AUDIT a         

Figure 3.3.1 Outline Plan for the Robotics Project 
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(161) 
This plan drew heavily on the work of Ottinger and Tanner in outlining the 

implementation method, as it was expected that the major problems would lie in 

the technical area, developing the robot system design solutions to Trebor's special 

needs. The first stage in the plan was a study of Trebor's current manufacturing 

processes. Therefore in late 1982 a study tour of the three Trebor factories was 

undertaken to gain a familiarisation with the technologies, policies and procedures 

used to manufacture the Company's products. The manufacturing task was 

identified as: low cost production, to a quality standard of a complete range of 

confectionery products which vary widely in sales volume, profit margin, life cycle 

and process technology (figure 3.3.2) 

  

  

PRODUCT SALES PROFIT | PROCESS LAYOUT | PRODUCT 
VOLUME MARGIN | TECH'GY LIFE-CYCLE 

brands high high continuous flow long 

weighout medium medium batch functional | medium 

children's lines low low batch functional short               
  

Figure 3.3.2 Summary of the Trebor Manufacturing Task 

Following the audit of the existing manufacturing situation, a survey was carried 

out at each factory to identify all feasible applications for industrial robots within 

the current processes. Methodologies for robot-application surveys have been 

previously researched in some depth'262), This work has been heavily orientated 

towards the use of checklists for data-gathering and analysis of possible 

applications, in common with the larger body of literature on the selection and 

evaluation of research and development projects. For example Twiss lists fourty- 

four criteria for evaluating R & D projects (ref. Twiss (1653), The use of a 
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methodology based upon checklists was therefore regarded as being on firm ground 

in the Trebor case. 

In the early stages of the study the Warnecke Schraft checklists for workplace 

analysis were used, however these were found to be unsuitable for the Trebor 

study. The main disadvantages were that they were heavily biased towards handling 

applications; other application types such as process operations tended to be 

overlooked. Also it became clear that the assessment criteria were not always 

suitable for the particular needs of food industry applications. In addition the 

emphasis on consideration of the robot system solution as a separate unit, rather 

than as an integrated part of the overall manufacturing system was a significant 

drawback - this had implications for the design of systems at a later stage. Despite 

these disadvantages the use of checklists was found to be useful. An alternative 

set were therefore drawn up, designed for the particular needs of the Trebor 

applications (see figure 3.3.3). However, these were only used to collect data on 

workplaces which had been already identified as possible robot applications. The 

study technique and the application data sheet were both improved during the 

factory surveys. It was found that individual studies took less time as similarities 

emerged between the factories and between the production processes. The 

emphasis on following the data gathering procedure diminished as an understanding 

of the capabilities of robot technology in the context of the underlying principles 

of Trebor's manufacturing process was acquired. 

By the end of the survey of the second factory it was found that the discipline 

implicit in using the checklists constrained the "thought-process" involved in 

assessing potential applications as any channelling of ideas in the early stages led 

to the exclusion of unorthodox but elegant concept-solutions. The basis for this 

statement is that applications which had not been identified early on using the 

checklist-method were subsequently considered as feasible. The first robot 

installation - jar capping is a pertinent example. As a result of experiencing these 
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TREBOR R&D ROBOT APPLICATION 

DATA SHEET 

  

  
  

1. Application No: Date: Factory: 

2. Application Name: 

3. Location: Personnel: 

4. Description of Object: 

5. Dimensions: L mm W mm oH mm Weight: Kg 

6. Description of Task: 

7. Occasional Variations: 

8. Inspection: 

9, Load/Unload Time: s Positioning Accurecy:+ mm 

10.Cperation Cycle Time: s Overhead mounting possible? 

11.How is Object Presented: 

Removed: 

12.Machines to be interfaced to this operation: 

13.No. of Operators this Operation: No. of Shifts: 

14.Nature of the Task (score 9,1,2,3) 

  

      

Rating Weight Bxu 

Accident risk ¢__ S ee 

Muscular strain:__ 3 pares 

Noise Seem, 4 he 

Dust, vapour ej —— 

Temperature g re 

Mionotony 4 gma 

Eyestrain 3 oar 

Prot. Clothing 4 — 

Oil, grease ee 2 a2 

Coldroom Conds :__ 3 Les 

TOTAtae 

15.Check location of columns, services, expansion joints etc. 

16.Space available for new equipment: 

Figure 3.3.3 Robot Application Data Sheet 

55 

 



difficulties, the use of checklists was supported by an aide-memoire of study 

criteria in the later stages of the survey and in subsequent reviews. 

Criteria for Study of Robot Application 

10 

il 

12 

13 

14 

15 

16 

Is the task within robot capability in terms of load, reach envelope and 

complexity? 

Is the task heavy, unpleasant or monotonous? 

Does the operation add value to the product? 

Is the task labour intensive? 

Is the cycle time greater than 6 seconds? 

Can workpiece orientation be controlled? 

What visual inspection is required during the operation? 

What is the line output capacity and present output? 

What is the likely future output? 

What is the frequency of product variation? 

What is the relationship of this operation to the process as a whole w.r.t. 

material flow and machine interfaces? 

What is the physical nature of the workpiece? 

What level of positional accuracy is required? 

How much floor space is available? 

Has a similar operation already been successfully automated elsewhere? 

How successful is the present operating method? 

These points helped to communicate the key issues in identifying potential 

applications and promoted the synthesis of expertise between the factory 

personnel, experienced in the existing situation, and the technical personnel 

experienced in the robot technology. This is a factor which has been reported by 

Teale (164) as being essential for successful robot applications engineering. This 

participative approach also had the advantage that factory ownership of any 

subsequent proposals would be enhanced, an aspect which had been overlooked in 
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the earlier Trebor studies. In retrospect, involving a member of the factory 

engineering staff in the study itself would have reduced some of the resistance 

which was later encountered. 

In summary, the robot application survey evolved into a loosely structured study of 

each production process. Following material flow from goods-in to goods-out all of 

the applications for robots were identified. Task and Process information for each 

application was recorded on an application data sheet, sketch layout and process 

flow diagram. This information was supplemented with background data such as 

product specifications. The results of the survey were then summarised in a report 

(Appendix A). 
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Results of the Robot Application Survey 

The 1983 survey identified eighteen feasible robot applications in the three 

factories. Following the installation of the first robot at Colchester in September 

1984 this work was reviewed and supplemented by a further study which identified 

a further ten projects, bringing the total to twenty-eight robot applications 

identified in the Trebor factories. (figure 3.3.4) These applications were grouped as 

follows 

By type of application: No % 

Packaging 12 34 

Palletising 10 29 

Materials handling 10 29 

Assembly 2. 38 

ooo esc) 
By type of product: 

Major Brand ll 39 

Brand pack derivative ae _18 

Total brands 16 37 

Wrapped weighout ie 7 

Unwrapped weighout a 4 

Children's line ak =2e 

Total commodities 10 36 

Others Zz 3 

Total 28 100 

Thus the majority of applications were in the areas of packaging or handling of 

major brand lines. 

*Double counting for multiple-operation applications. 
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APPLICATION 
NUMBER 

Xxo01 

Xx002 

XX003 

xx004 

XxX005A 

XxX005B 

Xx006 

XxX007 

ccoo9 

Cco10 

ccoll 

Cco12 

Ccol3 

ccol4 

ccols 

Cccolé 

ccol7 

MMO020 

MMo021 

MM023 

MMO024 

MM026 

MMO027 

MMO28 

MMm029 

MM030 

MMO031 

MM032 

*Key 

APPLICATION 

export-case packing 

carton (rolls) palletising 

multipack packing 

carton palletising 

jar packing 

jar line 

bin filling 

jar capping 

ip chew packing 

5p chew packing 

bin filling 

jar manufacture 

lollybag packing 

jar packing 

lollypop carton packing 

imperials carton palletising 

lollyade manufacture 

transwrap-bag packing 

case palletising 

jar manufacture 

jar conveyor loading 

case packing 

packing assortments 

palletising carton 

assortments 

hopper loading 

driam pans loading 

jar capping 

multiple palletising 

PK - packaging 

PA - palletising 

MH - materials handling 

AS - assembly 

APPLICATION 
TYPE* TYPE 

PK BD 

PA MB 

PK BD 

PA MB 

PK BD 

MH-PK-PA-AS BD 

MH-PA MB 

AS BD 

PK Ce 

PK cr 

MH-PA Ww 

MH S 

PK Gk 

MH-PK-PA UW 

PK ce 

PA MB 

MH Ce 

PK MB 

PA MB 

MH = 

MH MB 

PK Www 

PK cre 

PA ce 

MH MB 

MH MB 

AS MB 

PA MB 

MB - major brand 

BD - brand pack-derivative 

WW - wrapped weighout 

UW - unwrapped weighout 

CL - children's line 

Figure 3.3.4 Applications for Industrial Robots in Trebor 
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Having established the potential for using robots in production the first stage in the 

project, investigation and gathering of data, was complete. In order to move on to 

the next stage it was necessary to gain commitment from Production Division to 

(165) the project. This corresponds to Kanters "waves of activity" in innovation: 

problem definition - The acquisition and application of information to 

shape a feasible focused project. 

coalition building - The development of a network of backers who agree 

to provide resources and/or support. 

Production Division's agreement to the project method was gained via the 

production management meeting (pmmy269) which was attended by the author in 

April 1983. At this meeting the emphasis of the project was made clear: the first 

robot installation in production, whatever it did, must be totally reliable and be 

seen to be effective. The Company had lost confidence somewhat in its ability to 

achieve successful technical innovation, therefore a successfully installed first 

system working well, would be more important than its cost saving benefits. Its 

major value would lie in proving that the technology works and that Trebor could 

use it effectively. Consequently a simple application should be attempted first as a 

trial adoption. In this area Trebor closely followed previous robot pioneering 

companies in emphasising the learning aspects of the first project and in keeping it 

simple. Tanner for example had in 1976 recommended tackling the simplest 

application first and this point was later reinforced by Macri‘67) 

ie (168) 

who argued that 

choosing the ‘right first application’ was crucial. Behunial reported that it 

was unrealistic to expect significant operational benefits from the first system, as 

it was necessary to "make an up-front investment to even test the applicability of 

robots" and to get on the learning curve. Trebor senior management was also 

convinced of the soundness of this strategy, and agreed that the next step of the 
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project should be for the author to work with the factory management teams in 

selecting an application which met these two criteria of simplicity and reliability. 

Appraisal of the Robot Applications Identified by the Factory Surveys 

The method used to compare the applications identified was developed following a 

) review of the literature on robot application appraisal Ge, + This previous work 

focused on the use of assessment sheets listing the criteria to be considered, each 

weighted to reflect their relative importance. 

A wider review of the literature on innovation management suggested that a 

number of other techniques for project assessment were also suitable, particularly 

project profiles (ref. Twiss G70), This work also highlighted that the concept of 

portfolio selection could also be useful applied to the selection process. An 

assessment technique based upon a project profile of twenty-two parameters was 

used (figure 3.3.5) because this offered the advantage of a visual rather than a 

quantitative representation of the project, aiding its communication to interested 

parties. Each potential application was assessed using this method in conjunction 

with the management team of the factory concerned (see Appendix B). A shortlist 

of preferred projects was then agreed at each factory on the basis of these joint 

assessments. These shortlisted projects were then further investigated in greater 

detail. The analysis of each proposed application included a financial appraisal, 

which followed the Company's normal appraisal method for capital expenditure 

projects i.e. three year payback. This analysis showed that the majority of 

proposed robot applications did not meet the Company's investment hurdle of three 

year payback. 
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Figure 3.3.5 Project Profile Sheet 
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Outline Design of the Shortlisted Applications 

Outline design studies were prepared for each of the shortlisted projects, based 

upon specifications agreed with the factory management teams (see Appendix C). 

The literature on robot system design was found to be well established, so that 

although no work had previously been carried out specifically on the design of 

applications in the food industry, a method based upon the common elements of the 

previous work of Warnecke-Schraft, and Tanner was adopted. Their close 

agreement and depth of experience suggested that such an approach was well 

founded. The method used for the design of the Trebor robot application is 

summarised below (figure. 3.3.6). 
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Figure 3.3.6 Robot System Design Method 
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During the three year project nine applications were studied in detail. This 

experience gave some insight into the structure of the robot application design 

problem, the way in which the design engineer has to perform a juggling act 

between the various parameters of the problem, within the constraint that they are 

all linked within a web of relationships (figure 3.3.7). For example, the peace 

required by the robot for the task determines tool centre point)?” velocity and 

accuracy and therefore tooling design and cycle time. Cycle time is determined 

largely by the process constraints which fix the boundaries on method and layout - 

determining reach required ... 

EXISTING PROCESS 
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Figure 3.3.7 Diagram of the Robot Application Design Problem 
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Thus system design was largely an iterative process, exploring tentative method 

and layout solutions and then investigating the implications for the subsequent 

design parameters with the aim of increasing the elegance of the design} i.e. 

providing a simple solution to a complex problem. 

These tentative solutions were then evaluated in terms of the original brief and 

specification. Finally a checklist for the design was used to remind the author of 

the really important factors after being enmeshed in the technical detail: 

Check: 

1. Has the real problem been solved? 

2. Overall, does it look right? 

3. Have any of the subtleties of the present method been missed? e.g. - cleaning, 

inspecting, orienting? 

4. Is there enough in reserve capacity/reach/speed for the unexpected? 

5. Is the cost reasonable? 

6. Is the level of technical uncertainty reasonable at this stage? 

Once the concept design had been vetted against these points the proposed solution 

was discussed with the relevant factory personnel. It was at this stage that the 

design specification was usually modified, changed, or the proposal objected to on 

various grounds. 
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Major Problems Associated with the Proposed Projects. 

PROBLEM TOTAL NUMBER 
OF PROJECTS AFFECTED 

system used excessive floorspace 15 

Payback exceeded 3 years a2. 

integration with the existing 
process difficult 6 

other process development 
prevented implementation 7 

conventional machine was 
more suitable 4 

sales volume too low to 
justify investment 4 

Often the changes would be quite subtle, but because of the web of chained design 

Parameters it would usually require a complete redesign. With all four of the 

applications shortlisted in June 1983 there were objections to the systems proposed 

which related to the interlinking of the robot system with the existing process, and 

the up and down stream changes that its implementation would require. This stage 

in the project over-ran its planned timing by four months, primarily because it was 

extremely difficult to gain agreement on the selection of the first application with 

the factory management teams. Changes in specification, new information and 

other issues required repeated redesigns and re-submission of proposals, so that 

rather than a sequential objective process of design appraisal and selection as 

described in the literature, in practice it was found that this stage of the project 

was an iterative process of bargaining and negotiation with factory management, 

aiming to get their commitment to making these changes and accepting the 

disruption to the factory situation that the robot installation would 
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entail. Generally these problems were regarded as evidence that "... robots aren't 

really right for Trebor" (factory manager July 1983) rather than difficulties 

associated with technological change which just had to be overcome. 

Thus, although much of the resistance to the proposals arose from real objections, 

there were non-technical influences which affected people's willingness to 

overcome them. For example, an application considered twice over an eighteen 

month period was objected to on the following grounds (see Appendix C). 

Date Work Done Objections Raised 

June '83 Concept design Floorspace, access to other machines. 

July '83 Redesigned Local weakness in factory floor, robot 

system exceeded rated load. 

Aug '83 Redesigned Process developments in adjacent area 

prevent installation of robot. 

Jan '85 Reconsidered None 

Feb '85 Redesign None 

March '85 Detailed design Other process development work 

suggested 100% increase in line capacity 

likely, therefore robot solution 

unsuitable. 

April '85 Project abandoned. 

Such an example was not unusual during the selection of the first and second robot 

applications, similar difficulties also occured during the introduction of 

microprocessor technology (ref. factory engineering manager, R & D engineering 

manager June 1985). Clearly there was a need to investigate these problems in 
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greater depth as they had a very strong influence upon the ability of the Company 

to manage technological innovation. An analysis of these problems and the 

conclusions drawn are reported in chapter five. 

The selection of the first robot application took five months in total, ending with 

the decision to proceed with a jar capping project at Colchester. This involved 

(173) 
using a 3-axis robot to put twist-caps onto jars of Extra Strong Mints (ESM). 

This particular application had not been identified during the factory survey, firstly 

because the application did not exist at Colchester at that time as ESM jars were 

produced at Maidstone and secondly because it was not recognised as an application 

which required programmable automation. Up until August 1983, when jar capping 

was first suggested, work had been concentrating upon a shortlist of four projects 

then thought to be most suitable: 

MMO29 Hopper loading 

Xx005 Jar packing 

ccoll Bin filling 

Ccolé Carton palletising 

However, each project had significant difficulties associated with it, primarily in 

their integration with the existing process. Substantial problems were experienced 

designing the interface between the robot systems and the existing process 

equipment as the need to make up and downstream changes were prevented for 

cost and operational reasons. The integration problem was common to most 

projects and was therefore studied in detail. Chapter 7 discusses this area in the 

context of the systems engineering method used and the design of the current 

generation of robots. It shows that there is a link between the technical problems 

with implementing robot systems and the management approach taken to 

introducing new technology generally, which has implications for the organisational 

and financial aspects of the wider innovation process. This interaction between key 

influences is reflected here in the decision to progress the jar capping application. 
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Its advantages were that: firstly, Colchester had to prepare for transfer of ESM jar 

production in Spring 1984; jar capping was recognised as a longstanding quality 

problem throughout the Company and robotics offered the best way of solving it. 

Secondly, there were no financial obstacles as the robot system would not come out 

of the budget for the new jar line - a very big advantage. Thirdly, because it was a 

new line there were no integration, floorspace or process-development problems. 

Colchester were also experienced in introducing new technology; the whole factory 

was innovative in concept and organisation and the management team were 

committed to the idea of using robots. Colchester engineers had attended the 1983 

Automan exhibition and a feasibility demonstration of jar capping using a robot at 

Dainichi-Sykes, reflecting their positive interest in the technology. 

Once agreement had been reached between Colchester factory and the R & D team 

on the outline design of the jar capping system, this application was recommended 

to PMM as the most suitable project. The project was approved in October 1983. 

Application for Grant 

Once the decision had been taken to go ahead with the jar capping application, 

contact was made with the Department of Industry to discuss Trebor's eligibility 

for support under the Flexible Manufacturing Systems Scheme in parallel with the 

initial development work. 

Investigation of the scheme in February 1983 had established that support up to one 

third of project cost was available. However by October 1983 demand for grant aid 

had increased dramatically, leading to a policy of competitive selection by the 

Department's officers. It was made clear that Trebor would have to "demonstrate 

very significant justification" (ref. scheme officer November 1983) based upon two 

criteria: additionality and innovation. It had to be shown that Trebor would be 

unable to carry out the project without additional financial support from the 
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Government or that the high degree of innovation represented by the project was 

accompanied by equally high risk which the Company could not carry alone. Early 

discussions with the Department of Industry showed that Trebor's application would 

rate very poorly on these two counts. The Company was large and had its own 

engineering resources whereas the proposed application was of moderate cost and 

of low complexity. It was also pointedly noted that the Department was concerned 

that "too many companies were installing robots piecemeal, not adopting the 

technology in a way that allowed the full productivity benefits to be gained". This 

view corresponded exactly with the conclusion which was emerging within the 

robotics team at that time: Trebor needed to view robots as a long term 

investment requiring sustained commitment to adoption but linked to a staged 

approach to implementation. Therefore a revised application was made to the 

Department of Industry for support for a two year project involving the 

implementation of the first "learning! project: jar capping, and a second more 

complex packaging and palletising system. The application stressed Trebor's 

commitment to taking the long term view but with the proviso that consideration 

needed to be taken of the time it takes to develop the necessary in-house expertise 

to tackle ambitious schemes. It was argued that a two stage approach would 

"enable us to take a longer term strategic view on implementation and to plan 

ahead with greater confidencele:! The application for £100,000 grant for two 

systems was approved in February 1984. 

The emphasis put by the Department of Industry upon tackling innovative projects 

may have pressured some other first time users to do so in order to improve their 

chance of receiving grant aid. Certainly their robot supplier would be pushing for 

the most sophisticated project and would underplay the likely problems associated 

with complex applications. These two factors were both experienced in the Trebor 

case and may have been contributory causes behind the high failure rates of U.K. 

robot applications identified by the Aston Study. 
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3.4 Development, Implementation and Trial Adoption 

Having decided which robot application was to be implemented first, this third 

stage in the project involved the design, development, installation and 

commissioning of the system itself. At this point two alternative routes were open 

to the project team. 

1. To contact a robot systems supplier to provide a turnkey system. 

2. To purchase the component-systems and develop the system in-house. 

The following factors were relevant to this decision: 

a) probability of technical success 

b) experience gained within the Company 

c) resources available, both human and financial. 

(99) The literature suggested that given adequate resource within the company it 

was preferable to develop the system internally. The reasons given were that 

firstly, in a new application area or pioneer industry sector (this project was both 

of these) expertise in robotics is less important than a thorough understanding of 

the application itself. In other words a robot supplier with no previous experience 

of the confectionery industry or jar capping automation is less likely to develop a 

successful system than the company owning the problem. Secondly, expertise in 

Tobotics can best be developed within the company by actually developing 

application solutions. This is particularly important later on when the system has 

been installed and has to be maintained by the company. 

The main disadvantage of developing the system in-house was that Colchester 

engineers preferred the turnkey option; they believed that they could control 

projects more easily when dealing with outside suppliers. Working with Technical 

was complicated by all the same factors which had delayed the project decision in 

the first place, also the difficulties associated with the introduction of 
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microprocessors as an in-house venture meant that such problems had only recently 

been experienced. It was partly because of this that the robotics project's remit to 

"analyse the process of adoption involved in introducing robots" had been set. This 

was another factor in favour of the in-house route. 

In October 1983 Technical management decided that the first system should be 

developed internally. Two development engineeers (including the author) and one 

development fitter were assigned full-time to the project to meet the target 

installation date of the end of September 1984. 

The Jar Capping Project 

A joint project team was set up in late October 1983 to manage the jar capping 

project as it was believed that the additional considerations associated with the 

first robot installation warranted a joint steering group. It consisted of 

Colchester - development engineering manager 

- maintenance engineering manager 

- production manager 

- development engineer 

Technical - development engineer 

- development engineer/research student - (the author) 

The group's task was to coordinate the work on the robot cell and the rest of the 

jar line. The Technical engineers were responsible for developing the robot cell 

itself. Prior to setting up the joint team it had been suggested by Colchester that 

Technical build the complete jar line, including developing an automatic jar filling 

system. This was however rejected due to a lack of resource and because it 

countered the project's original objective of simplicity and reliability set by PMM. 

2:
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Figure 3.4.1 Robot Jar Capping Cell 

It was agreed by the joint team in November that it was important to involve the 

Operators who would eventually run the system in its design, and also to 

communicate the purpose and scope of the project to the factory work-groups. 

This was done in two stages. Firstly in December 1983 a presentation was given to 

all ESM production and maintenance people about the project. This included 

showing a video of the robot taken during the feasibility trials and an outline of the 

reasoning behind using a robot based system. It also provided an opportunity to 

answer any questions about the work, or robots in general. Secondly, a number of 

meetings were held early in 1984 with the work groups concerned to discuss the 

project in detail, including its design. These efforts were very successful. The 

Operators were primarily concerned about whether robots would put them out of 

work; once it had been guaranteed that this would not happen they were very 

enthusiastic about the project. In fact they took the attitude that the Company was 

Not introducing robots fast enough - "why can't we have robots doing the rough jobs 
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like palletising and case packing as well?" (ref. ESM operator April 1984). There 

was also good commitment to making suggestions for improving the layout of the 

system. A particular concern was the safety of the robot system; there was some 

fear about ‘the robot', even after seeing it work on video, which required 

reassurance. The enthusiasm of the operators also gave a boost to the morale of 

the Technical engineers who gave the presentations. 

The development of the robot capping system itself caused comparatively few 

problems for the project team, and was completed on schedule within seven 

months. The main areas of difficulty were: 

a) designing the tooling to cope with three types of jar and two types of cap. 

b) selecting proximity and position sensors which would function in the factory 

environment. 

c) developing the software to orientate the randomly orientated caps without the 

facility of parallel processinen sacs 

d) meeting the 7.5s overall cycle time 

e) protecting the system components to 5576) 

The solutions achieved to these problems are reviewed in Appendix D which 

describes the jar capping cell in more detail. 

The installation of the robot cell at Colchester was originally scheduled for 

September 1984 to coincide with the completion of the new jar line and transfer of 

production from Maidstone factory. The Technical team were very keen to meet 

this deadline in order to refute the doubts that were raised about their ability to do 

so in October 1983. However, when the system was finished in early September the 

new jar line was not ready for installation at Colchester and transfer of jar 
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production from Maidstone had been put back to Spring 1985. The cause of this was 

a high level of unforeseen workload for Colchester engineers over the Summer 

months, which had greater priority than the jar line. Also, a cut back on the 

budget for the new system meant that some existing machinery had to be 

refurbished and used in the new line, contributing to the delay. 

Despite this however, it was decided by the joint team to install the robot cell as 

planned because it was felt that the delay gave a good opportunity for training 

people in operating and maintaining the robot cell before it was put into 

production. The literature also suggested that this was a useful opportunity as it 

stressed the need for a quiet period between commissioning and full production to 

enable people to become familiar with the new robot system (ref. Macnee); The 

robot cell was therefore installed and commissioned at Colchester in late 

September. 

Although the jar line was completed in Spring 1985, it was not in continuous 

production until Autumn due to further delay in the transfer of jar production from 

Maidstone factory. This was due to an increase in demand for ESM which could not 

be met solely by production at Colchester factory. During this time work was 

begun on the second robot application. 

Second Robot Application 

The design studies carried out on the four shortlisted applications in 1983 had 

shown that the most attractive project after jar capping was end-of-line carton 

palletising. A number of areas existed at both Chesterfield and Colchester for 

automated palletising so that the advantage of spreading development costs over a 

number of repeat applications could be envisaged. The best application of these 

was at Colchester factory, to palletise cartons, export and multipack cases of 

Trebor Mints. This project offered the advantages of adequate floorspace and 
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Figure 3.4.2 Robot Palletising System (plan view, scale 1:100) 
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ceiling height, the possibility of integrating three pack derivatives into a single 

line, but above all the opportunity of automating all palletising and case-packing of 

products at Colchester in the future and linking these end-of-line systems with the 

on-site warehouse via automatic unit load carriers (figure 3.4.2). This project 

therefore offered a first step to making significant productivity gains whilst 

maintaining flexibility to respond to product or packaging changes. This concept 

had been discussed earlier on with the robot systems suppliers, and had been shown 

to be feasible - similar systems were already installed in other companies. A staged 

implementation approach could also be followed if an overall plan, design and 

interface standards were establised at the outset. It was this approach which had 

been agreed with the Department of Industry in Februrary 1984 as using robots in 

the most effective way and which was supported by grant aid. The first step was 

the detail design of the building block of the system - the end-of-line robot 

palletising cells. 

The palletising system proposal was raised at the next Production Management 

Meeting by the production director. However, it met fierce opposition from the 

Colchester management team because they were "angry that the idea had not been 

discussed with them first .. they didn't want a second robot - they hadn't even got 

to grips with the first one yet" (Colchester manager December 1984). The robot 

palletising concept was therefore not taken any further, instead the robot project 

overall was dicsussed between the production director and general works managers 

and the decision taken to go ahead with a second robot application which would be 

agreed with individual factory management teams in the same way that the first 

project was selected. 
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The earlier factory surveys were reviewed and discussions held with each of the 

factory management teams; identifying a new shortlist of projects. 

Chesterfield: End of line carton palletising - Mint Imperials 

Maidstone: End of line carton palletising - Softmints; Hopper loading -Bon 

Bons 

Colchester: no applications at the present time. 

The palletising project was therefore restarted in February, this time 

concentrating on the Chesterfield and Maidstone applications which were very 

similar. The hopper loading project was also looked at again. This had been the 

subject of a detail design study in 1983, but had been subsequently rejected. 

Fully developed proposals were prepared in conjunction with three robot suppliers 

for these two projects. These were discussed with the factory management teams 

and then PMM in April 1985. The Maidstone hopper loading application was 

approved by PMM as the second robot application and the amount of £55,000 

allocated from the capital expenditure budget. The reasoning behind this decision 

was that: 

a) the palletising projects were less technically risky and could be left until 

after the collaborative links with Aston University had ended in September 

1985. It was better to use these resources on the hopper project which was 

more technically uncertain; 

b) the palletising project was nearly twice the cost of the hopper project, 

putting great strain on the capex budget; 

c) Maidstone factory management were very committed to doing the hopper 

project whereas Chesterfield were already heavily committed on existing 

development work scheduled for the Mint Imperials line. 
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The Hopper Loading Project 

A project groupt 8) was set up at Maidstone in early April to carry out the 

project, led by the development engineer who had been transferred from R & D 

after working on the jar capping project. The group consisted of 

- development engineer 

- the supervisor of the Bon Bon jar filling area where hopper loading was 

carried out 

- electrical foreman 

- mechanical foreman 

- industrial engineer 

- R & D development engineer (the author) 

The Maidstone development engineer reported to the factory works engineer who 

reported back to the factory management team. On the R & D side, the author 

reported to the robotics project team. 

At the first project group meeting it emerged that there was other development 

work underway on the Bon-Bon production line which would affect the robot 

application. Specifically the speed of jar filling could be increased by 100% if 

trials due to be carried out with new weighing systems later in April were 

successful. At the second meeting on 17th April it was confirmed that the 

specification agreed for the robotic hopper filling system would need to be changed 

to meet the faster filling rate of 20 jars per minute. This corresponded to a robot 

cycle time of 7.5 seconds. As the original design could not meet this time, 

alternative solutions were considered but proved to be infeasible because they 

required substantial up and downstream changes to the Bon-Bon line. The project 

was therefore abandoned on the 23rd April. Both Maidstone and R & D were 

enthusiastically committed to the hopper loading project and were severely 

disappointed that it had to be rejected. Other projects at Maidstone were 

investigated, particularly Softmints palletising but because of ongoing development 

work on Softmints they could not be progressed at that time. 
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Again the robot project had run into the same problems: interfacing with the 

existing process (see Appendix C). 

Operation of the Jar Capping Robot Cell 

Before the jar capping system was installed at Colchester in September 1984, four 

maintenance fitters from the factory attended the PT300H robot electrical and 

mechanical maintenance course at Dainichi-Sykes. Although the literature reports 

that making one person responsible for looking after the robot system is important 

during the run-up stage - the "factory robot-man" concept - it was decided to train 

four people: two mechanical, two electrical to ensure that there was always a 

trained fitter on site at all times. Also identifying one person as the robot expert 

did not sit easily with the principle of work-group organisation used at the factory, 

which discourages demarcation of tasks. 

Once the robot was installed and commissioned, short refresher sessions were held 

and training given on the overall jar capping cell to both the maintenance personnel 

and the jar line crew. It was found that people's enthusiasm for the system and 

their commitment to dealing with any snags quickly were greatly increased once 

they began to feel confident in their ability to cope with the system. This is of 

course very important during the run-up stage when problems are likely to arise 

and have to be overcome quickly. Because there had been a significant delay 

between the commissioning and operation of the system, it was beginning to be 

regarded as a "dust gathering ornament", (ref. ESM operator - March '85) so there 

was some doubt as to whether there would be any commitment to running the 

system once production had been transferred from Maidstone. 
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Project Review 

When it became clear that it would not be possible to implement the hopper loading 

application the decision was taken by the robotics project team not to focus on an 

alternative application but to step back and review the project overall. It was 

clear that the first and second robot projects had highlighted recurrent problems 

which needed to be better understood and overcome if the use of robots by the 

Company was to be more widespread. The following work was therefore carried out 

during May to June 1985: 

a) interviews with key personnel involved in the project 

b) analysis of the Trebor robot applications 

c) review of Trebor's business strategy,Technical and Production three year 

plans 

d) study of the Company's capital budgeting procedure. 

The results of this review were presented at the PMM in June and are discussed in 

the following chapters. It was described how there is significant potential for using 

robots in Trebor but that there are equally significant obstacles existing at present 

which were preventing the realisation of this potential and hindering innovation in 

the Company in general. It was argued that the removal or lowering of these 

obstacles must be the next step. 
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These recommendations were considered by the technical and production directors 

and the following action plan agreed: 

1. Wider communication of the learning points which came out of robot project 

via factory management teams, U.K. engineering meeting and Technical 

Review. 

2. Wider dissemination of robotics expertise within the Company. 

3. Development of a technology strategy. 

4. Work on reducing obstacles before attempting to implement the second 

application. 

3.5. Summary 

Although the Trebor case-study followed in outline the Rogers-Shoemaker model of 

the adoption of innovations, it has been shown that the detail of the process was 

highly complex, involving many diversions from the planned route. Despite this, the 

time taken from conception to operation of the first robot at 19 months was about 

average for U.K. robot application projects O72) 

The complexity of the adoption process arose from the three-dimensional context 

in which it took place. That is, the technical problems had financial and 

organisational dimensions which were crucial to their solution and which could not 

be managed within the framework of a single discipline; be it engineering, 

accounting or management. 

The following chapters analyse the case-study in detail, considering in particular 

the linkages between the three disciplines, with the aim of developing a framework 

for the overall robot adoption/implementation process. 
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CHAPTER FOUR 

INTERACTIVE PROCESSES IN ROBOT ADOPTION 
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4.1 Introduction 

It has been described how this research provides new insights into the adoption of new 

technology via its participative role in the adoption process itself. This chapter 

reports upon the results of this approach and to do so uses a novel method of 

presenting the data from the case-study. In order to describe both the technical and 

non-technical influences upon the adoption process within a common framework which 

includes the time element, a form of project diary is used (see Appendix E). This 

allows the technical and non-technical events to be analysed in the context of the 

changing project environment in order to test the hypothesis that the interaction 

between the technical, organisational and financial aspects of robot adoption is the 

key to understanding the complexity of factors involved. In particular, reporting the 

researcher's personal view of the project provides new insight into managing new 

technology adoption, a perspective which the literature, on project championing for 

example, has identified as a key area. 

"... among the questions felt to be most important for future research were 

the following: What motivates project champions?... What are the key 

personality issues involved with product champions? Are they the same as 

those of general managers? Do they employ similar skills?" (180) 

The analysis of the championing sub-process in section 4.5 goes some way to answering 

these questions. 

The diary provided a means by which an overall view of the complete implementation 

process could be gained and allowed the interaction between the various parallel 

dimensions of the problem to be studied. This led to the identification of four sub- 

processes of robot adoption: engineering, technology transfer, learning and 

entrepreneurial processes which are used to provide a framework for integrating the 

separate, specialist disciplines reviewed in chapter two. These are discussed in the 

following sections. 
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4.2 The Engineering Process 

In October 1982 the Project Team agreed a plan and timescale for achieving the 

second project aim: the implementation of the first robot system on a production 

operation (see figure 4.2.1.) It was expected that the implementation process would 

follow a step-by-step methodology, similar to most engineering projects, where the 

major difficulties would lie in the development of the robotic system itself. The 

literature suggested that this would be the case and that skills in production 

engineering and robotics would be paramount. The Trebor plan was therefore based 

upon these premises and reflected a highly mechanistic, technical approach to the 

problem. The author also felt comfortable with this emphasis as it was in tune with 

his training as an engineer and his understanding of the engineer's role in 

manufacturing industry, i.e., providing solutions to technical problems, involving 

the co-ordination of resources and planning of work. 

The actual route taken during the three year project differed substantially from 

this original plan (see figures 4.2.2. and 4.2.3. and the summary of the engineering 

process below). Although all the objectives were achieved (even slightly ahead of 

schedule), both the path taken and the emphasis of the work involved were widely 

different from the researcher's expectations. Firstly, the implementation process 

did not follow a sequential path but involved repeating some steps, taking paths 

which led in the end to blind alleys and having to retrace back; the development of 

the second robot application being a good example of this. Secondly, three 

activities in the plan took substantially longer than expected: 

1. The selection and design of the first application - planned to take three 

months it actually took six. 
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CONCEPT DESIGN SYSTEMS & 

PREPARE PROPOSALS 

| 
APPLY FOR GOVT GRANT 

PLACE ORDERS 

BUILD PROTOTYPE 
& cela 

INSTALL SYSTEMS 
IN PRODUCTION 

| 
COMMISSION 

AUDIT 

Figure 4.2.1 Project Method Planned in October 1982 

PROJECT LAUNCH 

MANUFACTURING AUDIT 

FACTORY SURVEYS 
(18 robot applications identified see Appendix A ) 

APPLICATIONS APPRAISAL 
(shortlist of 4 selected— see Appendix B ) 

PREPARATION OF PROPOSALS 
(see Appendix C ) 

JAR CAPPING FEASIBILITY STUDY 

D.T.1. GRANT APPLICATION 

JAR-CAPPING SYSTEM DEVELOPMENT 
(see Appendix D) 

INSTALLATION & COMMISIONING 

_ 

PRODUCTION OPERATION SECOND ROBOT PROPOSAL 
OF JAR—CAPPING SYSTEM 

APPLICATION RE-SURVEY 

(10 more applications identified— see Appendix A ) 

PROJECT SHORTLIST 
(3 projects selected— see Appendix B ) 

SECOND ROBOT SYSTEM 
(see Appendix C ) 

j T 
REVIEW PROJECT OVERALL 

Figure 4.2.2 Actual Project Method Followed 
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The Engineering Process in the Robot Project 

1. set project objectives, planned project in outline 1982 
September 

2. study of current manufacturing technologies, policies October 
procedures, desk survey of current robot technology and system 
suppliers; reviewed literature on robot applications 
engineering food industry, packaging November 

1983 

3. factory robot application survey; collection of data on January 
potential projects, problem areas and needs 

February 

4. reviewed literature on robot project appraisal April 

5. agreed project specifications, designed four systems, August 
costed and prepared proposals September 

6. concept design, feasibility study of jar capping project October 

7. development of jar capping system; design, construction 1984 
and test February 

8. installed and commissioned jar system September 

(9) 

10. resurveyed factories for robot applications 1985 
January 

ll. evaluated applications, designed three systems, costed and February 
prepared proposals March 

12. agreed detailed specification for hopper project, 
redesign to meet specification change April 

(13) 
(14) 

N.B. The figures on the left-hand side refer to the page numbers in the project 
diary (see Appendix E). 
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2. The commissioning of the robot system to production use: planned three 

months, actual eight months. 

3. The selection and design of the second application, planned to take four 

months, actual eight months 

Examination of these three items suggest that there were common factors present 

in all three cases. They all involved the crystallization of the robot adoption 

process into concrete action, which required co-ordination between Production and 

Technical Divisions and the sharing of knowledge and expertise between them to 

solve technical problems. Analysis of the case-study shows that in each case there 

were non-technical influences which affected this sharing process. Often the 

parameters of the technical problem under consideration were changed because of 

these non-technical influences, for example in the design of the hopper loading 

application. 

It can be concluded from this that it is necessary to consider the core technical 

problems - the engineering process - within the wider context of these other 

influences upon it, namely the co-ordination of resources and the sharing and 

ownership of expertise and information. 

4.3 The Robotics Learning Process 

It has been reported by a number of authors that two areas of expertise need to be 

brought together to introduce industrial robotics into a new industrial sector or 

application area: expertise in robotics and expertise in the company's own 

manufacturing processes and way of doing things. As the latter already exists, 

although distributed throughout the organisation, the way in which the new robotics 

expertise is acquired by the Company is of great importance. 
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In fact, a major conclusion of the Aston study into the diffusion of industrial robot 

technology within the UK was that at the level of the individual firm, robot 

adoption is an organisational learning process, whereby the "time to learn" is the 

delaying factor in speed of adoption and the management of expertise and know- 

how resources is the crucial factor in effective implementation (ref. Fleck (181), 

This conclusion is borne out by the Trebor case-study, as it was clear that the fact 

that expertise had to be pooled from separate sources had an important influence 

on the engineering process. In order to understand this interaction between the 

ownership of expertise and the ability to solve the technical aspects of robot 

adoption more clearly, the way in which expertise in robots was developed within 

Trebor, how it diffused through the organisation and how (if at all) it was managed 

was studied over the three year project between 1982 and 1985. A clear 

'Trebor/Robots' learning process could be identified from this study, which is 

summarised below in relation to the engineering process defined in section 4.2. 

The Robotics Learning Process in the Trebor Project. 

(1) 1982 
2. familiarisation with the technologies, policies and October 

procedures used in Trebor's factories November. 

3. presentation of report summarising robot application 1983 
survey April 

4. Colchester engineers attend Automan exhibition May 

(5) 

6. presentations to Colchester workforce; engineers October 
visit robot suppliers 

1984 

7. meetings with ESM workgroups April 

8. operator training October 
transfer of development engineer to Maidstone 

9. discussion of second robot proposal with production November 
and technical directors December 

10. meeting with new product development team on robots 1985 
in food processing January 

(11) 
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13. training of operators, maintenance fitters April 
May 

14. presentation of conclusions from project review June 
to production management meeting, understanding 
of problems associated with technological 
innovation. 

The development of robotics expertise within Trebor is summarised in the form of 

a graph below, which describes the rate at which three levels of expertise were 

developed (figure 4.3.1). It shows that a clear learning process existed, being s- 

shaped with turning points in late 1982 and late 1984, corresponding to the launch 

of the robotics project and installation of the first robot at Colchester. The graph 

also highlights that the development of expertise in robot applications engineering 

did not keep pace with the development of the lower levels of expertise; operation 

and knowledge of robotics. The engineering expertise curve is much flatter, 

suggesting that not enough engineers in the Company had acquired robotics 

development expertise by the end of the project. 

Managers adequately 
briefed on robots 

People competent to 
operate a robot system     Engineers able to develop 

ce -4 “robot applications 
— +— 

1876 1877 1878 1872 1960 198) 1962 1985 1964 1985 1906 1967 
‘WAR 

  

Figure 4.3.1 Graph of Trebor's Learning Process in Robotics 
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The analysis of the Trebor case study also suggests that the location of the 

individuals who had acquired a level of competence in robotics within the 

organisational structure strongly influenced the engineering process. For example - 

- a factory manager who had previous experience in robotics in his previous job, 
actively supported the proposal to implement a robot system at factory 
management meetings. 

- the transfer of the first Trebor engineer to gain experience in robot application 
engineering to Maidstone factory greatly increased that factory's commitment and 
ability to implement subsequent robots. 

Of course the acquisition of robotics expertise within Trebor is the result of 

individuals within the organisation individually achieving a level of competence 

associated with their involvement and interest in the technology and its adoption. 

Their resistance to the change - which can be translated as commitment to 

overcoming obstacles such as technical problems - is linked to their uncertainty 

whether or not it threatens their interests, or doubt whether they will be able to 

cope. This is clearly affected by where they are on the learning curve as 

individuals. Once the installation of the first robot at Colchester had been 

completed, a number of people who had been indifferent or negative in attitude 

previously, became openly enthusiastic and committed once they had got to grips 

with the operation or maintenance of the robot for themselves. 

Three key factors within the learning process can be identified from this analysis. 

1) the importance of developing a synthesis of expertise between the local 

knowledge of the Company's manufacturing processes, policies and procedures 

etc. and the robotics know-how; 

2) the existence of a positive feedback loop between skill and experience with 

the new technology, confidence and commitment to its use and willingness to 

overcome problems and make it work. 
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present skill & future level level of experience —e of robot robot use & in robotics use 

      

  

willingness & increased confidence 
ability to overcome in robots, enthusiosm 

implementation problems & commitment 
for their use             

Figure 4.3.2 Feedback Loop in the Robotics Learning Process 

3) the existence of a corollary of the above points in that there is a link 

between ownership of the skills and information relating to robots and 

resistance to their introduction; the often quoted "not invented here 

syndrome". 

4.4 The Technology Transfer Process 

The diffusion of technological innovations and more recently the process of 

technology transfer have been substantially researched for a wide number of 

industries and technologies showing how the diffusion of innovations follows a bell- 

(282); The diffusion of industrial robots in the U.K. shaped curve (figure 4.4.1.) 

(figure 4.4.2) has also corresponded to the early part of this distribution as new 

ideas and developments gained by adopters in one industrial sector or application 

area are transferred to users in other areas and sectors. This particularly occurs 

from users in well developed, early applications such as car spot-welding, to 

pioneers in later areas such as the food industry. Thus the Trebor project is an 

example of such a technology transfer. 
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Figure 4.4.2 Graph of the Diffusion of Industrial 

Robots in the U.K. 
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Figure 4.4.1 Graph of the Diffusion of Innovations 
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The technology transfer process in the Trebor project was analysed from the case- 

study and project diary and is summarised below. 

The Technology Transfer Process in the Trebor Project. 

i. 

(3) 

(4) 

(9) 

(10) 

il. 

12. 

(13) 

14. 

transfer of a technologist from a pioneering industry 

with robot application experience - Government and 

University acting as technology brokers. 

first contact with robot suppliers and the robotics 

community 

discussed system solutions with robot suppliers 

knowledge of Trebor's specific needs to spread to 

suppliers. 

feasibility trials on jar capping by Dainichi-Sykes, 

influenced by government action 

worked with robot suppliers on design of second 

robot system 

liaison with robot suppliers, proposals for shortlisted 

applications 

liaison with suppliers for detailed quotations, suppliers 

withdrawing support due to lack of commitment 

discussion with suppliers after project review 

identified area where technology needs improving 

1982 
September 

October 
November 

August 
September 

October 
1984 

September 
October 

1985 
February 
March 

April 

May 
dune 

This analysis suggests that in the Trebor case two technology transfer processes 

occured. At the start of the project the recruitment of the author with previous 

experience of robotics in a sector which was at the late-majority stage of diffusion 

(the car industry) helped to open up a new pioneer in a new industrial sector (food 

manufacture). Trebor was an early-adopter in robots overall, but a pioneer in 
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its own industrial sector. This is an example of a variant of the technology transfer 

process, which has been previously reported by Burne. as transferring the 

technologist. It is interesting that at the time Trebor was setting up the project, it 

did not regard previous experience in robotics as a pre-requisite for the person it 

was recruiting to carry out the project. Had the recruit not had such experience a 

different form of technology transfer would have occured, perhaps from the robot 

suppliers or further education establishments. 

The second process was that which occured throughout the project between Trebor 

and the robotics industry. As Trebor was a pioneer adopter in a new industrial 

sector, the applications considered were significantly different from those, for 

example, in the car industry (see chapter 6). As robotics is an applications-driven 

technology - i.e. the equipment designs evolve to meet the requirements of the new 

applications as they open up - then at any point in the diffusion path current robot 

designs are suitable for the well developed applications areas but not the areas just 

at the pioneer stage. In the early 1980's therefore, most robots were designed for 

use in automotive or metal-working industries for welding or materials-handling 

applications; not packing boxes of sweets. Therefore Trebor was involved in the 

design evolution process of the robot designs themselves. Transfer of information 

occurs between the user company and the supplier companies and a joint 

understanding develops as to what the user's special needs are, what the current 

level of technology can achieve and how development should progress in the future 

to bring the two together, given that there is sufficient market potential for the 

developments. 

There is a growing realisation in the robotics community of the importance of this 

technology transfer process and this has led robot suppliers to change their 

marketing strategies over the past six years from supplying robots as ‘universal’ 

machine-tools to supplying turnkey robotic systems, emphasising their role as 
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(184 
automation partners ) with end-user companies. The implication of this change 

for Trebor and similar companies is that they have a proactive - not passive - role 

to play in the development of robot technology which must be planned for and 

managed through a clear technology strategy. This theme is essential to this thesis. 

4.5 The Entrepreneurial Process 

A major theme in the literature on innovation reviewed in chapter two was that of 

"key individual" explanations of innovative success. The processes of sponsorship 

and backing of innovative projects within organisations is most usually referred to 

as project or product "championing", and is quoted as being of vital importance. 

Analysis of the Trebor case study showed that certain key individuals played 

important roles in promoting and supporting the robotics project and so a three 

part analysis of this area, and its effect on the overall project was carried out. This 

included firstly, a study of the way the project was championed within the 

Company. Secondly, an assessment of the project environment as it changed over 

the three year period and thirdly, a description of the championing process from 

the point of view of the author, who participated directly in the robotics project 

and carried out the action-research study. Finally, the entrepreneurial process, 

and its influence upon the project is discussed. 
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Analysis I: Mechanics of the Championing Process. 

1. 

(2) 

3. 

10. 

ale 

14. 

established joint IHD - Trebor project team 1982 
September 

team supported introduction of outsider into the company, 

contact made with individuals in Production who were more 

committed to the project - these people gave support 

at the factory management meetings 

presentation of results of study to PMM - asking for 

commitment to first installation 

meetings with factory management teams to discuss 1983 

applications identified and to agree a ranking of April 

preferred projects June 

negotiation over proposals - design changes, August 

pressure from University to decide on September 

first project speeded up decision 

preparation and negotiation of grant application, October 

established jar capping project team, joint steering 1984 

group, decided to do project in-house: pressure from February 

DTI to consider longer term issues, future applications. 

preparation of detailed proposal for robot palletiser November 

development engineer moves to Maidstone factory 

discussion with production & technical directors 

re. robot project - discussed second application 

tried to rebuild bridges with Colchester factory, 

support from project team. 

discussion with factory management teams, selection of 1985 

shortlist of 3 projects January 
February 

discussion with factory management teams, presentation 

of proposals to production management meeting March 

operators, maintenance people support first project 

at Colchester. 

project group at Maidstone progress second application, 

joint responsibility 

reviewed work to date; investigated capital budgeting 

procedures; interviewed key people, presented May 

conclusions at production management meeting 

and recommended action plan June 
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Analysis Il: The Project Environment between September 1982 and June 1985 
  

uncertainty, loss of technical director end 1982 

recent innovation - micros in Production 

backlash against R & D 
- no technical policy 
production director - temporarily responsible for Technical 

Doubt over relevance of robots for Trebor & need for 1983 

project, indifferent commitment to the change 

Real commitment to project from Colchester September 

but doubtful of R & D's ability 1983 

New technical and production directors appointed 

Robot project very low priority for Colchester 1984 

loss of commitment - problem gone away 
General improvement of relations between Technical 

and Production 

Backlash against second robot proposal December 
1984 

Positive commitment at Maidstone, otherwise 1985 

indifferent or negative at Chesterfield, Colchester January 

commitment improved once system started to be used April 

Analysis III: The Author's Perspective on the Project. 

New-boy feeling, set of beliefs based on previous experience - wary - aware things 

are happening but cannot grasp their significance for the project. (September 1982) 

Good progress made - gaining information mainly - not changing or questioning 

anything; can see problems clearly but not their importance - "can see the rotting 

trees in the wood". (February 1983) 

Growing awareness of real problem situation, new experience - its a challenge - 

very high commitment to making project a success. (June 1983) 

Project slowing down, coming up against resistance -don't clearly understand why, 

feeling isolated - everyone else on team thinks things are okay. (July 1983) 
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Search for new approaches - ask for input - still positive challenge to overcome 

obstacles and try new ideas - good fun. Real passion for the project - strong feeling 

of ownership - success tied up with personal feelings - goal orientated - No. if 

priority.(August 1983) 

Fed up with banging my head against the wall of indifference - frustration - 

disillusion - consider "letting them get on with it" but realise I've got to keep on. 

See myself with two separate identities, as and as not a Trebor person - freer to 

act, overcome problems - new commitment, strong ownership, identifying with 

project - protective, its my baby - sweated blood to get here. (September 1983) 

High points of commitment, joint team, project back on track. (March 1984) 

Project progressing well - get itchy feet, going too well almost, feeling of losing 

marginal status - difficulty looking at problem from outsiders perspective. 

Engrossed in detail of project.(June 1984) 

Problems come up - not sorted out - being let down by other people not as 

committed as myself (again lost perspective). (June 1984) 

Get very frustrated at not being able to control external influences - deteriorating 

relationship - lose my head, just leave them to it - lash out - run away - difficult to 

control and direct this passion - No 1 priority to me but nowhere near that for a lot 

of other poeple - frustration at being unable to influence them leads to this 

bubbling over - depression and causing conflict. (November 1984) 

Strong results orientation rather than relationship, increased frustration at no 

progress when really the Company wasn't bothered - nobody pushing - it all came 

from project team - energy came from doing something you believed in - nothing to 

do with Company norms - other people - can put you out on a limb. (December 

1984) 

Lost control of project - release of pent up frustration - cop out - wanted revenge - 

very deflated at being seen as consultant and not doing all the 'real engineering! - 

consider resigning - fresh start - new project - expect it to be different - new 

commitment pushed back out of Company, try and gain perspective on problem. 

(January 1985) 

Same old problems arise - just no energy to fight it - running out of fight -because 

still don't understand them. (April 1985) 

Step back - look at problem - understanding of whole picture leads to new 

commitment - feeling should have done this at beginning. (May 1985) 

Re-launch but strongly hang on to marginal status - key to progress and to broader 

approach.(June 1985) 
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Discussion of the Entrepreneurial Process 

The preceding analysis (II) shows that the environment within which the robotics 

project was carried out was not particularly conducive to its progress. It was 

begun whilst the effects of another manufacturing innovation - microprocessor 

control systems - were still being experienced, and when its main sponsor and 

technical director had just left the Company. During its life the Company went 

through substantial reorganisation and change of strategic direction. Trebor Group 

Limited was restructured into five separate operating companies and substantial 

changes occured in key management teams - including the appointment of new 

technical and production directors. The Company's oldest factory was closed down, 

putting great pressure on the remaining three; worldwide recession and Trebor's 

only moderately increasing share of a declining market meant that for some time 

return on capital was unsatisfactory, leaving very little resource for fixed asset 

expenditure. 

Such things are however, common-place in industrial life; often they are much 

worse than fies + They do illustrate though the harsh circumstances in which 

any technological innovation such as the introduction of robotics has to survive 

before it can begin to help to improve the competitiveness of its adopting 

company. They also underline the very 'real-world' basis of this thesis. 

The objectives of the Trebor project were achieved despite this changing 

environment because it had a momentum of its own which carried it on and kept it 

going. This momentum came from a network of individuals who provided a source 

of continuity and impetus which was maintained throughout the project. In close 
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agreement with much of the literature the analysis (I) of the mechanics of the 

championing process showed that four groups of people were influential in 

promoting, either directly or indirectly, the robotics project within the Company: 

i) The Technical managers on the project supervisory team 

ii) The University academic supervisors 

iii) Members of each of the three factory management teams 

iv) The development engineer/research student 

A role which has received substantial attention of late in the literature is that of 

the "executive champion", defined as a high level manager within the organisation 

who: 

",,. provides sponsorship and impetus for the innovation; 
has direct or indirect influence over the resource 
allocation process; uses this power to channel resources to 
the new innovation thereby absorbing most, but usually 
not all, the risk of the project."(186) 

Following the departure of the technical director at the beginning of the project 

this role was clearly not present in the Trebor case, and so it is pertinent to discuss 

how its absence affected the project. 

The significance of this became apparent later on in the project when difficulties 

arose in the liaison between Production and Technical. The lack of a ‘sponsor’ 

supporting the project on the board of the Company meant that the technical team 

had to use persuasion rather than power to achieve the project objectives. It is 

argued in the literature that such a participative approach to new technology 

adoption is the most appropriate in the long term rather than a ‘commanding! or 

‘marketing’ approach which leads to either conflict or later disillusionment 

87) 
respectively The evidence of the Trebor case suggests that a participative 9 Pp 

approach works well if both parties involved have roughly equivalent influence and 
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power. Championing from a position of low power using a participative approach is 

likely to lead to extended negotiations and an overall high cost implementation. 

The literature also reports that the executive champion is needed to absorb most of 

the risk of the project, to give the project champions the space in which to 

operate. 

"The executive and project champions ideally work in 
unison, as a partnership - the one proposing, the other 
disposing". (188) 

Maidique also reports that one of the functions of the executive-champion is to 

give the project "impetus". In other words to apply pressure where needed, to 

underline the importance of timescales, to promote a sense of urgency and to 

maintain the morale of the project team through difficult periods, providing back- 

up and support where necessary. In the Trebor project this function was carried 

out, by two groups: the University supervisory team and the R & D managers. 

Firstly, the University provided a 'reference point’ for the author which he could 

regularly return to, to discuss problems, obtain help and advice and most 

importantly regain his perspective on the ‘overall picture' away from the detailed 

problems of the Company. This opportunity to step back occassionally, greatly 

boosted the author's energy and commitment to the project. 

Secondly, the R & D managers sponsored the researcher within the Company, 

helping to rebuild bridges he had damaged at one point and providing support in a 

similar manner to the University link. In addition the R & D services manager was 

the only thread linking the conception phase of the project to the subsequent 

collaborative venture, being the only person who had been present throughout all 

stages of the project. This was very important in maintaining clear goals and 

viewing developments in the longer term perspective. In the absence of an 

executive champion, the R & D managers and the University link, i.e., the PhD 

supervisory team, acted as a surrogate, providing the extra impetus and morale- 

boosting which the literature reports is a key influence upon the adoption process. 
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Thus the mechanics of the promotion of the robotics project correspond well with 

the innovation championing literature. However, in terms of the nature of the 

process itself -what it was like to be involved in 'championing' the implementation 

of robot technology - the Trebor case study contrasts with the previous work in this 

area. 

Championing, as the word suggests, is presented in the literature as a heroic 

process carried out by rugged individuals battling against the odds. The analysis of 

the process from the author's viewpoint suggests that it is rarely heroic and clear 

cut, more often the route is foggy and ill-defined and some of the less noble of 

human traits crop up at times; such as his feelings of anger, arrogance and 

obstinacy. There is though a common theme of passion; the power and impetus 

behind the project come from commitment and strong belief in the work and this 

passion may be felt as high points of exhilaration and excitement from the pace 

and novelty of the innovation, but it also manifests as frustration, depression and 

anger as shown by the project diary (Appendix E). Thus the process is closely linked 

to the personalities of the people involved and their working relationships. This in 

itself is a key point in the context of Trebor's 'culture'. The Company emphasises 

an ethos of ‘working together! which stresses the importance of interpersonal 

relationships, communication and joint ownership. It is a paternalistic atmosphere, 

not a ‘hard’ company where people do not raise their voices, where 'steamroller’ 

types are discouraged and open conflict very unusual. (In fact the author found this 

change of culture a real shock after the car industry where overt conflict was 

commonplace). 

Kanter has decribed the management of change within organisations in terms of 

(189) entrepreneurship, Pinchot has even coined the word "intrapreneurship" to 

104



describe the process by which individuals may carry out innovative new ventures 

within the supporting structure and resources of the established company. 

Entrepreneurial management, rather than project championing, sums up the skills 

and process by which innovative projects may be progressed within the confines of 

the optimising procedures for controlling the routine activities of an established 

company. Thus the way in which the robotics project was sponsored and driven 

within Trebor can be described as an entrepreneurial process, involving as it did the 

assessment and implementation for the first time of a new technology and way of 

working for the Company. 

The importance of the entrepreneurial process to the implementation of robotics in 

Trebor is underlined by the fact that all three of the major delays were 

accompanied by a falling off in entrepreneurial effort, and an overconcentration on 

just the technical issues. For example, once the jar capping project was underway, 

effort switched to the development of the system and much less effort was spent 

on maintaining the push and co-ordination of the project; the informal links 

established during the appraisal stage were replaced by a formal project 

organisation which was expected to promote the co-ordination of work. This meant 

that early warnings of problems were not picked up informally and festered into 

major problems later in the project. Other incidents underline how crucial 

maintaining the entrepreneurial effort throughout the project was -when it waned 

things went wrong. 

However, there were also disadvantages to the way in which the robot project was 

managed 'entrepreneurially' within the Company. The root of this was the 

separateness of the project. Innovation ‘despite the organisation’ meant that when 

changes occured in the Company which required equivalent changes in the direction 

or emphasis of the project - the elasticity of the linkages between them meant that 
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this did not happen quickly enough. For example, when the business strategy the 

Company was following changed in 1984 there was an important change in emphasis 

of capital expenditure towards investing to generate sales rather than reducing 

costs. Although this was important to the robot project the significance of this was 

not grasped by the author until May 1985. People also felt uneasy about the 

project because it was not part of the ongoing business of the Company - it felt a 

little uncontrolled - on its own, separate from everything else that was going on. 

This had the effect in some cases of actually increasing the resistance to the 

change, not only was the technology new but the way it was introduced was also 

straining the adaptability of individuals and the organisation. The separateness of 

an entrepreneurial project and the need for high levels of autonomy and space on 

the part of the entrepreneurs tests the ability of the formal hierarchy to bend to 

accommodate it. Despite these important limitations this research confirms the 

key importance of an entrepreneurial approach to managing manufacturing 

innovation. The challenge for management is to be able to harness this source of 

power, and to direct it in the most useful way. 

4.6 The Four Processes Combined 

The preceding sections have clearly demonstrated the existence of four sub- 

processes which influenced the Trebor robotics project: 

c. the engineering process, involving the planning of events and co-ordination 

of resources in order to achieve the specific project objectives; 

- the learning process, whereby the Company developed expertise in the new 

technology and experience of using it in its own particular siutation, 

achieving a synthesis of know-how between robotics and confectionery 

manufacture; 
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- the technology-transfer process, involving the sharing and transfer of 

information and people which occurs as robot-technology diffuses into new 

industries and new application areas; 

- the entrepreneurial process, whereby the project is actively sponsored by 

an informal network of key individuals within the Company. 

Certain key events which occured during the project, such as the transfer of one of 

the engineers who had worked on the robot capping project to Maidstone factory, 

also demonstrated that the four processes interfered with each other. In addition 

this interference sometimes had a positive result - such as the above example, but 

on other occasions was definitely negative. This effect can be likened to the 

interference phenomenon in wave physics where the superimposition of two or 

more waveforms produces a resultant waveform with quite different 

characteristics. Thus in the Trebor project, sometimes these sub-processes worked 

together - other times in conflict, resulting in a deep 'trough' in the progress of the 

work. 

Figure 4.6.1 shows the four sub-processes together and highlights these interactions 

between them. It shows that attempting to manage technological change by 

controlling only the technical issues is similar to attempting to control an 

interference waveform by varying only one of its constituents; the result can be 

influenced but not controlled. 
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CHAPTER FIVE 

ORGANISATIONAL INFLUENCES ON THE 

IMPLEMENTATION PROCESS 
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5.1 Introduction 

It has been shown how the actual route taken during the project differed 

substantially from the original plan set in October 1982. A number of key factors 

were identified as causing this divergence, of which two were the resistance to the 

introduction of the technology by its potential end-users: the factories, and the 

unsatisfactory working relationship between the Production and Technical 

functions. This chapter examines these problems in the context of previous work, 

and provides guidelines for reducing their effect on future projects. 

5.2 Resistance to Change 

The literature on resistance to technological change within organisations makes 

two very important points: 

1) Resistance to change is a phenomenon common to all activities where 

people feel their own interests are threatened in some way (ref. for 

example Child (190) Ds 

11) The implementation of technical change within an organisation is a 

political process (ref. for example Greenhalgh (91), 

These points suggested the need to consider first of all how and why people at 

Trebor felt threatened by the proposed systems and secondly to regard the 

implementation of the project as a political process, in the sense that it involves 

campaigning, negotiating and bargaining between the people involved in the 

change. Each of the three Trebor factories were jointly working with Technical 

Division in 1983 to design robotic systems for a shortlist of four previously 

identified applications. At each factory the following groups were involved in the 
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design process or were influenced by it: 

- the factory works-management team, which included the general works 

manager, production manager, works engineer, personnel manager etc; 

- the manager of the production process concerned; 

- the factory development engineering team liaising with Technical on the 

project; 

- the process operators who worked on the production process concerned; 

- the maintenance technicians who would eventually maintain the new 

system. 

Figure 5.2.1 summarises how each group was affected by the proposed system and 

the means by which they could influence the design process. This figure clearly 

shows how the technology was not neutral but affected different people in ways 

depending upon their position and responsibilities. It was found that although there 

was a close correspondence between the level of resistance from a particular group 

and the degree to which their particular interests were threatened, the process of 

decisionmaking within the group was also relevant; consensus and the role of 

opinion-leaders were found to play an important part. This was especially true in 

the case of the factory management teams. In the one case where a member of a 

management team had previous experience in robotics and was convinced of its 

applicability in Trebor, his ‘championing’ of the project internally within his factory 

positively influenced the general commitment to the project and reinforcement of 

the design process. His enthusiasm for robots lends credence to the view that 

"commitment to particular bodies of expertise underlie management attitudes 
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Figure 5.2.1 Matrix of Groups Concerned with the Introduction 

of Robots within a Trebor Factory 
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during adoption", it also goes some way to explaining the refusal of sore managers 

to believe that robots were at all relevant to confectionery manufacture: 

"the particular set of skills and knowledge embodied in an 

individual ... represents an enormous amount of time and 

effort to which he is de-facto committed (and which) 

shape his perception at a subtle level in such a way that 

he may find it difficult to recognise the relevance and 

importance of other newer bodies of thought." (192) 

However, figure 5.2.1 suggests that even without the 'refusal-to-believe' problem, 

there are still fundamental conflicts of interest associated with introducing robot 

technology into the manufacturing situation. Consideration of these conflicts is 

key to understanding resistance to change in Trebor. For example, it was found 

that resistance to the proposals from process operators was not present in the 

Trebor case. Figure 5.2.1 suggests that the fact that the introduction of robots 

would have no effect on manning-levels in the forseeable future and that all the 

projects improved unpleasant manual tasks would explain this. If either of these 

two factors had not been present it is likely that shopfloor resistance would have 

been more prevalent; this may well be a problem with future systems. The main 

area of resistance was therefore at middle and junior management level. 

For the production line managers, concern centred around the relative advantages 

to production of the robotic system and their confidence that it would work. The 

Company's recent adoption of microprocessor control systems had heightened their 

awareness of the problems which accompany new technology introduction. 

Negotiation over these areas depended upon the result of a financial analysis and 

justification (see chapter 6) and assurances that the system would be thoroughly 

proved before installation. The causes of resistance from the Production function 

within the factories were therefore fairly clear cut. Overcoming resistance in this 

area depended upon setting agreed strategic aims for adopting the technology in 

the first place (see chapter four) and effectively managing the installation of the 

system. The co-operation of Production in adopting new technologies depends upon 
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production people feeling they can rely upon the timescales and reliability 

estimates that Technical give them. Only a track-record of success will develop 

this feeling of confidence. 

The third group involved were the engineering teams assigned to the work at each 

factory. Resistance in this area was related to four main causes, of some 

complexity, which directly influenced the implementation process. Firstly, the 

development teams at each factory were involved in extensive process 

development work during this period. This work involved either the production of a 

new branded line or increased manufacturing capacity, both of which were of 

higher priority than speculative cost-saving projects such as robotics. Thus other 

production priorities and a shortage of resources led to increased pressure on the 

engineering teams which became manifest as a lack of willingness to devote time 

to the robotics project. This problem has been previously identified in the 

(193) 
literature , its solution lies in planning ahead to smooth out peaks in workload, 

the use of increased resources, or the acceptance that lower priority projects will 

be delayed and explicit allowance made for this. Secondly, the interests of the 

engineering team were threatened by the fact that the robot part of the jar line 

was being developed by a Technical team. This caused great resistance, primarily 

because they felt they had little control over the project which they eventually 

would be responsible for. As well as this feeling of a loss of control there was 

implicit resistance to something "not-invented-here" and to this "whizz kid" being 

brought in to do the project: 

"It is mo good the project champion being outside the 
factory ... the need originates from us - we own and run 
the project ... we are not a client toR&D-R&Disa 
contractor to us. 

People felt jealous that you were going to get a PhD out 
of all this, and they were just doing their job - they hadn't 
got a PhD for all the work they had done over the years - 
there was definitely a feeling of 'why help him?’..." 

(Interview with factory engineering manager 5.2.85.) 

114



The remaining group involved in the implementation process were the general 

works managers of each of the three factories. The key issue here was that of 

capital budgeting. Each factory has a fixed budget for the current year's 

expenditure on capital equipment, under this capital rationing situation it is 

necessary to decide which combination of available projects makes the best use of 

the limited resources. Naturally speculative long term projects such as robotics are 

not viewed very favourably in this situation. In order to relieve this restriction, 

action was taken during the design of the second project in December 1984. A 

separate capital account was set up by the Production Management Meeting to pay 

for the project, so that each factory contributed one third from their capex 

budgets. This change did significantly affect attitudes, not just at general works 

manager level but throughout the factory hierarchy. It made the strategic, 

learning aspects of the investment more explicit; people could understand the 

reasoning behind the decision and commitment was increased as a result. 

Thus resistance to the robot project came from a number of different areas, and 

was caused by people believing that their interests were being threatened in some 

way. As any change to established practice will always benefit some people and be 

to the disadvantage of others, some resistance is always likely to accompany robot 

implementation. However, its severity will depend upon the degree of change 

involved and the way the implementation process is managed. It must be 

recognised that achieving successful change requires significant time, if only to 

allow for the length of time that a negotiated participative approach to 

implementation takes. 

5.3 Integration Between Production and Technical Divisions 

It has been shown how important communication and co-operation between 

Technical and Production was to the robotics project, reinforcing previous 
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research that had identified interdepartmental integration as a strong influence on 

innovative ability (194) + Two aspects of integration were relevant to the adoption 

of robotics in Trebor. As well as the integration of Production and Technical, the 

integration of the innovative project within the Company was highlighted as a key 

issue. 

"a paradox in the organisation of innovation derives from 
the need for the innovators to form a self-contained group 
of their own with considerable autonomy and the 
requirement that this very same group be not cut off 
Poltically and in terms of shared understanding from the 
main sections of the organisation upon which the 
refinement, production and launching of the innovation 
depends." (195). 

The analysis of the case study in chapter four showed that poor integration had an 

important influence upon the technical aspects of the project because many 

problems required joint input of expertise and information for their solution. 

However, unsatisfactory communication and co-operation prevented this at certain 

Points in the work. The following comments illustrate this. Prior to the first robot 

application, the Production Division's viewpoint was: 

"R & D is just another sub-contractor to the factories and 
will be treated as such" 

(engineering manager 11/83) 

",, the factories have had enough of new technology from 
R & D which has failed to live up to its promise". 

(factory manager 12/84) 

"I don't see why the Company has to bring in a whizz kid 
expert when robots are just another machine we could 
have handled ourselves". 

(development engineer 4/83) 

The Technical View 

".. the factories aren't interested in anything which they 
can't do for themselves. As far as they're concerned - if 
its not invented here it doesn't exist". 

(R & D engineer 7/83) 
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These attitudes changed as the first robot application project was 

implemented during 1983/84. 

Colchester factory R&D Team 

Late '83 Little confidence in Accepted this attitude as a result 
R & D's ability to carry of problems with previous projects 
out the project successfully, 
preferred an outside 
supplier 

Feb '84 Unhappy with R & D's Regarded this as hypocritical 
attitude that "they were when compared with the factory's 
doing it all" ‘sub-contractors’ view of R &D 

Mid '84 No feeling of ownership Unhappy with factory's lack 
of the project of effort and commitment 

Late '84 Breakdown in working relationship arose from discussion of proposed 
second robot application. 

Early '85 Discussion of problems and efforts of individuals led to improved 
working relationship but no change in the underlying causes of the 
problems - hence antipathy remained. 

Causes of Poor Integration 

Six characteristics of the robotics project were identified which had been 

previously reported in the literature as causing poor integration; 

1. widely different time horizons between work in Production and Technical. 

2. divergence of the culture of Technical Department away from the core 
business. 

3. strong disciplinary barriers caused by training and experience. 

4. a mismatch between ownership of the problem and ownership of information 
relating to it. 

5. the way conflicts between the functions are resolved. 

6. the non routine nature of the innovative project. 

The literature on organisational integration emphasises the importance of 

environmentally determined attributes of the different parts of the company. It is 

reported that as different departments of the organisation interact with different 

external environments this leads to differences within the organisation itself, 

particularly as there is: 

".. a close fit in the high performing organisations 
between the attributes of each unit and the demands of 
its relevant part of the environment." (196) 
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Thus not only is the work carried out in Production and Technical quite different, 

but also the people will have developed a particular way of working and set of 

beliefs as a result. This was confirmed in the Aston Study of robot diffusion which 

found that people's intellectual commitments which arose from their lifelong 

experience and training critically affected their attitude to robot technology 

adoption. Research has shown that line people are more likely to identify 

themselves with the company as opposed to staff people who are likely to identify 

more closely with their professional group. Some companies have recognised this as 

a real barrier to developing a coherent company identity - for example at 

Cadbury's: 

"At our main chocolate factory ... we had a printing 
establishment (which) was a pretty efficient operation ... 
the people working in that printing department see 
themselves as printers not as chocolate manufacturers, so 
that their loyalties ... are outside the business. (By 
divesting the Company of the printing works) ... Those you 
have left on the site will be people who are held together 
by the fact that they are in the business of manufacturing 
chocolate."(197) 

Cadbury's have also applied this strategy to their Technical function: 

"At the .. confectionery factories we had staffs of people 

who were capable of handling any schemes for putting in 
new machinery ... while retaining a core of technical 
expertise... we now contract with others to do this work " 

In 1985 Trebor took steps to improve the integration of Technical's engineering 

function into the core business, by emphasising their role as a service to 

production: 

"To provide an engineering resource to the Production 
Division that will enable Production to take on projects 
centrally that:- 

i) The factories aren't resourced for 
ii) | The factories don't have experience for 

i.e. Company/Production projects of a long term 
benefit to Trebor UK goals" 

(Technical (Engineering) 3 year plan 13.5.85) 

whereas previously it was: 

"(to) ... support current and foreseeable business needs 
with project and research work to understand underlying 
principles ... sufficiently in advance of factory 
engineering development. 
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. responsibility to ensure that the possibilities available 
to us through current technology are widely known. 

(Technical Policy 23.3.81) 

This change of emphasis caused feelings of uncertainty and insecurity for the 

personnel in Technical however, as they had developed within an environment of 

greater autonomy and with a greater development orientation. 

In addition to the environmental aspects of the integration problem a second major 

influence was the dynamics of the collaborative process itself; in particular the 

way conflict between the two functions was resolved. Lorsch (138) cites the 

pattern of behaviour used to resolve conflict as a primary factor in achieving 

integration. His evidence indicates that 

“working in a problem-solving mode to get the various 
viewpoints out on the table and work through to the best 
overall solution... will be most effective.. rather than 
smoothing over, avoiding conflict or letting a party with 
greater power force a solution on another," 

He also reports that a mismatch between the 

"distribution of real influence and the knowledge and 
ability to contribute to decisions reduces the 
effectiveness by which conflicts are resolved." 

This work has clear relevance to the Trebor case. In the robotics project, most of 

the knowledge and expertise in robotics was held by Technical, but the knowledge 

of the manufacturing processes and the control over the joint project was held by 

Production. Conflicts during the robot project tended to be generally avoided, as 

for example in the delays over the completion of the Colchester jar line. This led 

to feelings of frustration and impotence on the part of the Technical team and a 

dwindling of Production commitment to the project. Lorsch links these factors to 

the 'culture' of the organisation and this again is borne out by Trebor, where there 
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is great emphasis within the Company upon personal relationships; 'conflict' is not 

welcomed, the Company has an explicit 'Trebor Way! of working which reinforces a 

culture of co-operation and "working together". Thus this case-study suggests that 

there is aneed to place more emphasis upon working together to jointly face up to 

and solve problems rather than co-operating to the extent that conflict and the 

problems that cause them are avoided and left to remain. 

The third major cause of poor integration has been shown by the case-study to be 

the innovative process itself. By definition 'innovation' refers to getting something 

non-routine and unusual done - therefore it is likely to conflict with the practices 

and procedures of an estabished company designed to optimise the normal, routine 

activities which make up its organisation. For example, the preceding analysis of 

the entrepreneurial process emphasised the need for marginal status and the 

separateness of the project, clearly acting against the joint ownership and co- 

operation which are also prerequisites of successful robot adoption. There is here a 

dilemma between the need for a synthesis of knowledge between the Technical and 

Production people that is needed to implement robots and the need for the adoption 

process to be separate from the normal procedures of the company. It is this 

dilemma which makes the introduction of robots such a substantial managerial as 

well as technical challenge. The other causes of differentiation are more general, 

relating to the structure and culture of the company overall. However, this factor 

is central to the robot adoption process itself. It explains why poor integration 

between the robotics project team and the factories became more apparent at 

certain points in the project - in each case it was where good integration was 

needed to achieve the synthesis of expertise necessary to develop the robot 

applications. At other stages in the project this need was not as important. Thus 

this suggests that attention needs to be particularly focused on the inputs to the 

robot development process within robot adoption in order to smooth the 

implementation process. This point is developed further in chapter seven. 
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5.4 Summary 

It has been shown how the implementation of robotics strained the adaptability of 

individuals and the organisation to cope with it within the more routine operational 

activities involved in the day-to-day running of the Company. 

Resistance to change is shown to be an unavoidable corollary of the manufacturing 

innovation process which requires a sensitive, but determined management 

approach - aware that the 'time to change! is a significant element in the overall 

implementation programme. Developing a company culture where people are able 

to air their objections openly so that they can be discussed in a problem solving 

manner is key to smoothing the implementation process. 

Equally, as the project strains the adaptability of people and the organisation it 

will act to increase any underlying differences that exist. This is particularly 

crucial in robot adoption because of the synthesis of expertise that is required to 

solve the technical implementation problems. Joint ownership and commitment 

therefore must be achieved, focusing very closely on the stages in the project 

where the synthesis is most important: system design and development. 
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CHAPTER SIX 

FINANCIAL ASPECTS OF INTRODUCING ROBOTICS 
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6.1 Introduction 

The previous chapters identified two areas in which the financial aspects of the 

robot implementation process were particularly important, and where it was found 

that existing techniques for coping with them were inadequate. These were the 

appraisal of the robot application proposals, and the capital investment decision- 

making process used by Trebor to allocate funds for projects such as robotics. 

These techniques are reviewed in this chapter together with an analysis of their 

effect upon the robotics project. 

Three areas of weakness are identified: the use of payback appraisal techniques, 

the assessment of robot applications as discrete projects and the absence of any 

forward planning of capital expenditure beyond two years. 

An alternative method of feasibility analysis is also presented, however it is 

stressed that the short-term localised appraisal of robot applications is 

inappropriate without a framework which also considers the longer term, strategic 

issues relating to the implementation of robot technology. 
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6.2 Trebor's Capital Budgeting Process 

The robotics project was financed via the Company's normal capital budgeting 

procedure which is linked to the three year business planning process (figure 6.2.1). 

The key elements of this procedure are:- 

© A 3 year business plan specifying return on capital targets set by Trebor 

UK board. 

* The Production Division's capital expenditure requirements to meet the 

business plan for the following two years specified by PMM. 

~ Firm production capital expenditure budget agreed by Trebor UK board. 

= Spending priorities set by PMM within the capex budget. 

= Spending controlled by budget reviews and authorisation limits. 

" Projects below £10UK capital appraised using payback; above £100K, 

discounted cash flow. Internal rate of return is used based upon a discount 

rate of 18%, 

The starting point of the budgeting process is the setting of the Company three- 

year plan each year, which balances the needs of individual departments within the 

framework of the return on capital target and business forecast. 

During 1982-84 Trebor was experiencing a period of little growth in sales volume 

and was therefore pursuing a strategy of cost reduction. However, during 1984/5 

the business strategy was changed and a policy of going-for-growth implemented. 

Consequently the 1985-87 business plan had the primary objective of increasing the 
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return on capital employed of Trebor UK Limited by 44% over this three year 

period. This policy was based upon a strategy of substantially increasing sales 

volume whilst keeping operating costs at their 1984 levels. The company's capital 

expenditure also changed in line with this plan, emphasising investment to generate 

sales volume, rather than to improve productivity. For example the 1986/7 

Production Division capex budget was allocated: 

- new production lines/increased capacity 50% 

- essential maintenance/new facilities 10% 

- "shopping list" of projects prioritised 

by PMM from total spending requirement 40%* 

TOTAL 100% 

* Production division's requirements substantially exceeded the capex budget. 

As Trebor's capital budgeting procedure was found to have a significant influence 

a) assessment framework and upon the robotics project, use was made of Pike's 

the results of his study of the capital budgeting practices of UK firms. Appendix F 

summarises the information for Trebor's expenditure for each category listed by 

Pike and compares it with a) firms with a capital expenditure budget of less than 

£5m, and b) firms manufacturing consumer non-durable products. 
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Figure 6.2.1 Trebor's Capital Budgeting Procedure 
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Trebor's practices differed from industrial norms (that is where it was different to 

more than 50% of the surveyed firms) in only two items out of the seven major 

areas listed. 

These were: 

a) Trebor's 5 year planning cycle; 5 years is widely regarded as a necessary 

time horizon for planning capital investment, (82% of industrial sector) 

b) The lack of a requirement in Trebor for post-completion audits (61%) 

Nevertheless they were found to be of crucial importance. Thus the key points of 

the capital budgeting process relevant to the robotics project were: 

a) Assessment of individual robot applications as discrete projects requiring 

their own justification. 

b) A capital expenditure planning horizon of two years. 

ce) Appraisal of projects using payback analysis, using a hurdle rate of three 

years. 

6.3 The Financial Appraisal of the Robot Applications 

The survey of Trebor's manufacturing processes carried out during this project 

identified twenty-eight work-areas where robots could be used at their current 

level of development. Nine of these applications were investigated in detail and an 

outline design study prepared, including a financial appraisal based on assessment 

of payback. The results showed that the majority of projects failed to meet the 

Company's hurdle rate of payback within three years (see Appendix E). A 

comparison with alternative methods to the robot based solutions also highlighted 

the apparently poor cost-effectiveness of these robots applications. For example, 

in the case of the Chesterfield carton palletising application CC013, robot based 
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palletising does not compare very favourably in financial terms with the existing 

manual method. 

Manual method: 

2 operators per shift: £13,000 per annum direct labour overhead single shift 

working. 

Robot method: 

robot palletising system: £14,000 per annum depreciation and maintenance costs. 

Although these figures are sensitive to the characteristics of the particular 

application, the comparison is representative of the general trend: the direct cost 

advantage of robots over manual methods was found to be marginal at best. 

The capital cost of a robot system includes the peripheral equipment necessary to 

interface the robot elements with the existing manufacturing process. Because the 

main applications for robots in Trebor lay in automating those parts of the 

manufacturing process which could not be automated using conventional 

machinery, these peripheral equipment costs were on average more than two thirds 

of the total system cost. This compares with the figure of 50% reported in the 

literature and by the robot-system suppliers, thus in the Trebor applications the 

proportion is substantially higher than normal. For example in the previous case of 

the Chesterfield palletising project they were 64% of the cost of the complete 

system. Moreover, it was found that in large part these costs only arose because of 

the constraints brought about by the nature of the existing manufacturing process. 

It is likely that any improvement in the cost effectiveness of robots will come from 

a reduction of the peripheral costs rather than the prime cost of the robot systems 

themselves. This point is further discussed in chapter seven where it is shown that 
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there is a link between the cost of the peripheral equipment needed and the 

approach taken to the implementation process overall. 

Although the majority of robot applications considered did not meet the Company's 

three year payback hurdle it was recognised by Trebor management that there 

were important benefits to be considered in the investment decision which were 

not quantified within the payback calculation. In the case of the first application 

the learning benefits were of over-riding importance, but additional relevant issues 

were the elimination of an unpleasant manual operation, improvement of a 

longstanding quality problem, and reduced risk of product violation. All important 

issues, but all difficult to quantify in cash terms. In the case of the second 

application these intangible, qualitative issues were just as prevalent but 

management were now expecting an attractive return from the project, i.e payback 

within three years. It became clear that this appraisal method did not cope well 

with the robot projects because these factors, rather than being side issues, were 

critical to their justification. 

There has always been a need to include qualitative factors in capital budgeting 

decisions. However, their importance relative to the more quantifiable direct cost 

factors has not been significant enough to warrant their explicit analysis in the 

investment appraisal process, existing practice instead relied upon management 

judgement establishing the correct balance in the consideration of quantitative and 

qualitative factors. However, with the increasing use of advanced manfuacturing 

technologies and their associated impacts on the fundamental productivity 

relationships and product cost structure of the firm (ref. God?) the adequacy 

of this informal approach has been called into question (ref. for example Seed 

oly Van Blois (202)), Various alternative techniques for robot feasibility analysis 

have been suggested, which stress either thorough analysis of all the relevant 

factors within a discounted cashflow framework, on the basis that it is 
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possible to quantify these qualitative factors in cash flow terms (ref. Primrose and 

Leonard (203), or which focus on the long term planning and strategic aspects of 

the robotics investment decision (ref. Van Blois 200): 

In the Trebor case, the problem was one of convincing management that the 

indirect or intangible benefits, which they recognised as existing and important 

were substantial enough in a situation of very tight capital rationing to warrant the 

investment. There was an implicit bias on the part of factory management that 

capital investments should provide significant savings in direct costs, and due to 

the difficulty in reducing direct materials they were looking primarily for direct 

labour cost savings. This bias does not agree with stated Company policy, however 

at the time these discussions were taking place in 1983/84 Trebor was in a period 

of little growth and inadequate profits. As such, there was pressure on gaining 

increased contribution from a fairly static sales volume and in these 

( circumstances there was little opportunity to spread fixed costs, 

(206) 

205) leading to a 

natural emphasis on variables - particularly labour. This bias can therefore be 

said to reflect the particular financial situation that Trebor was experiencing at 

that time, and the business strategy it was following. 

The task, therefore, was one of persuasion, both of the advantages of the robot 

installation and of the need to broaden the investment appraisal basis, in an 

atmosphere where in general people were wanting to be convinced. Thus the 

requirements of any new technique were that it should quantify all relevant factors 

affecting the merit of the proposal, that it should be easily understood and 

communicated and that it should be founded upon a sound theoretical basis. A 

review of techniques proposed in the literature showed that none fulfilled all these 

criteria adequately, in most cases because their complexity prevented their use as 

an aid to communication. However, the field of cost benefit analysis was also 

examined and found to offer significant potential, although by this time a positive 
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decision had been reached on the second robot installation using the conventional 

analysis method. Despite this a new method was experimented with, based upon a 

very simple form of cost benefit analysis. 

An Alternative Robot Feasibility Analysis Technique 

The new method uses a very simplified form of cost benefit analysis to quantify 

and make explicit, managers! implicit assessments of the relative values of the 

various costs and benefits relevant to the robot application under consideration. 

The project is assessed using an appraisal sheet which lists the possible costs and 

savings in accordance with Trebor's Production and Personnel policies. Each item, 

both quantifiable and non quantifiable in cash terms is then rated on a scale of 1 to 

10 by the person or team carrying out the appraisal. This rating is a measure of the 

team's assessment of the relative importance of this benefit or cost to the overall 

viability of the project. (i.e. 1: not at all important to 10: the most important cost 

or benefit). Next, the items which are quantifiable in cash terms, for example 

direct labour cost, are used to derive an equivalent cash value for all the indirect, 

quantitative or intangible factors, in proportion to the rating assessment. 

For example, consider a project which has only one cost: capital cost of the 

equipment £50K and only two benefits: it reduces direct labour cost by £5K per 

year, and it eliminates an unpleasant manual task. The appraisal would be as 

follows: 

ITEM RATING REAL CASH EQUIVALENT 
VALUE 

Costs 
Capital £50,000 

Benefits 
direct labour 4 £5,000 

health & safety 8 £10,000 

Total 12 - i.e. a ratio of 2:1 

Payback = (Real and equivalent) costs 
(Real and equivalent) cost savings 

= £50,000 =3.3 years 
£5,000 + £10,000 
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Thus the payback figure now includes a measure of all relevant factors in a clear 

and concise way, which makes explicit the manager's own assessments of the 

importance of the normally unquantified elements. This analysis showed that for 

the nine projects considered, the direct cost savings were only about one third of 

the total benefits package (figure 6.3.1), confirming that Trebor's appraisal method 

fails to quantify the majority of the factors relevant to the decision to invest in a 

robot system. Calculation of the (real and equivalent value) payback of the nine 

projects revealed a significant improvement across the board giving an average 

payback of 2.2 years as against 7.1 years previously (see figure 6.3.2 and Appendix 

—). This technique is presented here as an example of one way in which intangible 

factors in the analysis can be made more concrete and easier to compare, without 

complex, detailed investigations which in reality companies are unlikely to use. 

Employed with respect to its limitations it is an effective tool, particularly for 

comparisons between similar projects. 
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Figure 6.3.2 Graph of Payback Periods for the Robot Applications 

Studied in Detail. 

6.4 The Strategic Aspects of Industrial Robot Technology 

It has been described how the emphasis of the project, and indeed this research 

changed slowly over the three year period, away from its initial concentration on 

managing the technical aspects of robot implementation and towards trying to 

understand and to cope with the broader aspects of the adoption process. The 

previous section has considered how Trebor assessed the robot applications as 

capital investments and the difficulties which were experienced in doing this. 

However, during the latter half of the project it became clear that there was an 

additional dimension to the investment decision which was not receiving sufficient 

attention: the longer term competitive and strategic aspects of using robot 

technology. The preceding discussion has centred around the assessment of the 

viability of robot systems at the operational level, i.e. focusing on the cost of a 

robot system to perform given tasks or processes - often in comparison to 
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conventional methods. This operational focus was the normal, established method 

used by Trebor for all but the most extensive manufacturing investment decisions. 

It also matched the approach taken by the robot system suppliers in developing 

turnkey solutions for user companies and the earlier literature on robot 

implementation (07) 

This focus on the localised, short term operational aspects of the investment 

decision was called into question by the results which emerged from the study of 

the longer term potential and implications of robots for Trebor. This showed that 

the major impact of robots would not be in providing productivity and safety 

improvements arising from the automation of currently manual tasks as had been 

expected, but instead its impact would be in the strategic competitive 

opportunities that would be offered in the longer term. When combined with the 

changes that the use of robotics would impose upon the way Trebor manages 

production highlighted by the experience of the first project, it became clear that 

the adoption of robot technology was not an operational decision but a strategic 

one, and that the use of localised assessments of operational viability was wholly 

inappropriate. This conclusion was reinforced by certain key papers published at 

the time which also emphasised the importance of considering the strategic aspects 

of robotics. These reported that robotics had strategic impacts upon the adopting 

Company in three key areas: 

= The use of robotics technology changes the fundamental economic 

(208) (209), 
structure of the business (ref. Gold » Clarke and Cecil-Wright 

Implementing robotics programmes requires sustained effort over a number 

of years (ref. Thompson (210), 
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+ Robotics offers new business strategy options, namely: capacity matching 

to the product life cycle; vertical integration into distribution and supply, 

removing the need for inventory decoupling within the manufacturing 

process to achieve a stronger competitive position through more flexible, 

predictable manufacture. 

Payback appraisal in particular was criticised by a number of authors. Clarke and 

Cecil-Wright citing its widespread use as a limiting factor on the diffusion of 

) robots in the UK. Primrose and Leonard (211 reported how their analysis of 

payback appraisal revealed that a three year payback hurdle corresponds to an 

internal rate of return of 31% after tax. This compares with a base rate of 12% in 

July 1985 and Trebor's return on capital of 14% in 1984. In this context payback 

within three years is clearly an overly severe hurdle rate. Holland (212) 

recommended that 

"in any project designed to achieve a payback against a 
time frame, do not use any equipment which is not 
genuinely developed. To become involved in the 
development of a device on which such a project depends 
is to court disaster". 

Without doubt to be a pioneer adopter of robots in a new application area or 

industrial sector requires substantial development work. 

The common conclusion of the literature was that 

"robot justification (is) radically different from the 
traditional financial justification methodology ... which 
tends to focus on the short-term question of 'what will it 
do for me over the next six months to three years?’ When 
dealing with robots, however, the question ought to be, 
‘What should be the strategic direction for the 
organisation?"(213). 
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De Vries has argued from his own experience that British Industry is particularly 

bad at taking into account these strategic aspects: 

"Britain will never catch up with Germany (in the use of 
robots)... the problem is a different attitude towards 
investment. In Germany, industry carries out overall 
financing of facilities, thereby ensuring that investment 
in new plant is continual rather than a stop-go injection of 
money into parts of the factory." (214). 

Therefore Trebor's method of assessing the viability of the robot applications 

contrasts with the literature in three important areas: 

1) The use of payback analysis. Prior research has shown its inadequacy for 

this type of investment decision. 

2) Assessment of the robot applications as discrete projects. This fails to 

consider the wider strategic aspects of using this technology which can 

only be analysed from the total system perspective as argued by De Vries. 

3) Planning of capital expenditure limited to two years ahead. Such a short 

planning horizon has been shown to be inadequate to cope with the long- 

term process of implementation which accompanies the introduction of 

new manufacturing technology. Two years is also shown to be unusually 

short for this industrial sector. 
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6.5 Summary 

This chapter has reviewed the capital budgeting procedure used by Trebor and the Ty Ire 

financial aspects of the robot project. Generally Trebor's methods are in line with 

  

similar UK companies with the exception of the absence of a capital expenditure Ca 'tah 

plan beyond two years and the carrying out of post completion audits on important #U%.is 

projects. 

The majority of robot applications did not meet the company's investment hurdle of “ve -me 

three years because of 

a) the comparatively high cost of the robot systems, which was shown to be WES 

due in large part to the unusually high level of ancillary equipment needed. em 

and 

b) the inadequacy of payback appraisal in accounting for the qualitative 

factors in the robot investment decision. An alternative method of in 

appraisal was presented as a possible solution to this problem. 

Finally, it was argued that the nature of robotics suggests that localised short-term =i: 3 

assessments of profitability are inappropriate and that a total perspective of the PEF 

overall manufacturing process in the long term is also required in order that the © 

strategic aspects of the investment can be properly judged. 
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CHAPTER SEVEN 

ROBOT SYSTEMS ENGINEERING 
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7.1 Introduction 

The Trebor case-study highlighted four key points concerning the implementation 

of industrial robot technology in food manufacturing: 

a) The importance of non-technical influences upon the adoption/implementation 

process. 

b) The poor performance: cost ratio of the robot applications in comparison with 

conventional methods of operation. 

c) The comparatively large floor-areas required by robot based systems. 

d) The recurrent difficulties which accompanied the interlinking of the robot 

systems with the existing manufacturing processes. 

This chapter considers these points in detail and identifies the causes behind them. 

An analysis of the robot applications identified by the factory surveys is used to 

investigate the major design problems associated with implementing robots in 

Trebor. A novel parameter for assessing robot-system design is presented, that of 

productive workspace, and this is used to review the existing industrial robot 

technology in terms of Trebor's needs. From this analysis, two major factors are 

shown to be crucial to the further adoption of robotics: 

a) changes to robot manipulator designs to meet the food industry's special needs, 

and 

b) the adoption of a total-systems approach to robot manufacturing system 

design and implementation. 
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7.2 Analysis of the Trebor Robot Applications 

The twenty-eight robot applications identified by the survey of the three Trebor 

factories are analysed below in terms of four parameters: 

i) Payload (figure 7.2.1) 

ii) Cycle-time (figure 7.2.2) 

iii) Horizontal reach required (figure 7.2.3) 

iv) Vertical reach required (figure 7.2.3) 

A number of conclusions can be drawn from these figures. 

a) 

b) 

c) 

Cycle times are generally less than 10s, with a large proportion in the 1.5 -3s 

band. These times are very fast for robots and suggest operating speeds 100- 

300% faster than those currently available. 

Loads carried fall into two major groups: 10-25Kg and 0-4Kg, with the 

majority of loads in the 0-2Kg band. Although these figures are well within 

current capabilities they are not available with the speed/reach 

characteristics required by Trebor. 

Horizontal and vertical reach fall into two groups as well: 

Q.1 - 0.2m vertical 
RU.7 - Rl.0m horizontal 

1.6 - 2.0m vertical reach 
R2.0 - R2.5m horizontal reach 

These groups correspond to the load grouping (fig.7.2.1) and suggest two main types 

of robot are needed to fulfill Trebor's requirements: 

Type A Type B 
for small items for large items 

Max load/Kg 4 25 
Horizontal reach/m Rl R2.5 
Vertical reach/m 0.2 2 
Maximum speed/ms™ 5) ie 
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Figure 7.2.1 Analysis of Aplications by Payload 
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7.3 The Major Design Problems 

The major technical problems in designing suitable robot systems for the Trebor 

applications were firstly, the large floor areas required by the robot based 

solutions, and secondly interlinking the robot systems with the existing 

manufacturing process. 

The Floorspace Problem 

The most frequently encountered problem in designing robot-based manufacturing 

systems was the large amounts of floorspace required. In fact, more projects were 

appraised as not feasible on the grounds of the excessive floorspace needed than 

for any other reason. This result was surprising as both the literature and the robot 

suppliers! marketing material cites compactness and space efficiency as a major 

advantage of robot technology. However, the problem was common to all three 

factories and across the range of applications studied. Although there was a 

shortage of factory floorspace at the time which meant that this criterion was 

more important to the implementation decision than perhaps it should have been, 

nevertheless, factory managers commented on a number of occasions that the 

robot systems took up too much space for what they did. The point being that in 

comparison with non-robotic methods rather than in absolute terms, the robot 

systems were not space-efficient. 

The floorspace needed by a robot based manufacturing cell is related to the robot's 

working area requirement, which is a function of both the task to be carried out 

and the configuration of the robot manipulator. The majority of tasks considered 

during the Trebor project were for packaging and materials handling, and the 

preceding analysis showed that these divided into two classes of application: type A 

and type B. 
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Type A Type B 

Load/Kg 4 25 

Horizontal Reach/m RLO R2.5 

Vertical Reach/m 0.2 2 

Speed /ms se 3 2 

Ignoring payload and operating speed for the moment, it is clear that both types of 

application require the most working area in the horizontal plane. 

These areas are the minimum required, specified by the size of the objects which 

the robot is working upon, in this case small cartons and palletised loads. However, 

to meet these minimum dimensions a robot may have to be used with a larger reach 

than is needed to meet some other parameters, such as load capacity, or because 

the robot work-envelope is itself shaped inefficiently. For example the Cincinnati 

Milacron 17-746, a state-of-the-art electric drive robot, requires a minimum of 

35mé floor area (horizontal reach envelope + 0.5m guarding allowance) but only 

provides a work area of Some at a vertical reach of 2m as required by the type-B 

projects (figure 7.3.2.) Thus in these applications this robot provides a usable 

workspace which is one tenth of the floor area it occupies. This result provides 

evidence in support of the earlier observation that the robot systems were not 

space efficient in comparison with other methods. 
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Figure 7.3.2 Reach Envelope of the T 746 Robot 

In order to investigate this point further, a new criterion for assessing application 

design solutions using different robot models, was developed and used. The 

productive floorspace (P) is a measure of the space efficiency of the design 

solution under consideration. 

P=Aw x 100% 
At 

where: 
P = productive workspace 
Aw = used working area 
At = total floor area occupied. 

Thus in the cases of the 77-746 robot in type B applications: 

P= 3.5m? x 100% 

35m* 

p= 10% 
which is clearly unsatisfactory. The cause of this low figure is that this type of 
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robot is of revolute configuration; designed primarily for the welding of large 

objects with a reach envelope shaped to meet those needs. However, a major 

disadvantage of this type of robot configuration is that the movement of individual 

axes cannot be restricted in order to reduce on the unused reach for other types of 

application. Operation of this type of robot requires full simultaneous control of 

all three major axes in order to reach any point within its reach envelope, whereas 

a cartesian configuration robot can be restricted on one or more axes to improve 

the productive workspace. Thus P is related to the configuration of the robot arm: 

Productive Workspace for Type B Applications: R2.5m x 2m 

Revolute: 10% Ge - 746) 

Gantry: 62.5% 

Cartesian: 59% (BA - 2600) 

P is highest for robots of the gantry-type configuration. However the disadvantage 

here is that the arm mechanics are mounted above the working area, and so a 

minimum headroom of twice the vertical reach is required, i.e. 4m. The majority of 

manufacturing areas at Chesterfield and Maidstone have a 3m ceiling height. This 

suggests that contrary to some authors (ref. for example Engleberger a y it is 

unlikely that universal robots will be developed that can be used in most 

applications, but rather that the trends towards increased specialisation of robots 

will continue, retaining the flexibility within specialist application areas. 

This result suggests that Trebor, and companies with similar applications, should 

use robots with the higher P values, i.e., the gantry or pendulum type robot 

configurations. 
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Achieving Effective Integration of the Robot System 

System integration was found to be the third most significant barrier to the 

implementation of robot applications in Trebor. Integration refers to the degree 

that the separate sub-units within a manufacturing process function effectively 

together as well as individually. Integration becomes particularly difficult to 

achieve when processes have been updated piecemeal, new systems being installed 

to interface with machinery which was not designed with this need in mind leading 

to communication difficulties, excessive handling equipment and tooling, and the 

need for buffer stocks. In the Trebor case integration problems centred around the 

following issues: 

a) 

b) 

Process equipment which had not been designed to interface with 

automatic devices. For example, loading and unloading of the jar conveyor 

at Maidstone could not be automated due to the design of the tray carriers 

which hung from the moving conveyor (project MM 024 Appendix A) 

Poor machine reliability, Many wrapping machines could not be run 

unattended for any length of time as continuous operation relied upon 

monitoring and adjustment by nearby operators. This could be tolerated in 

a manual system but not an automatic one. For example a major objection 

to robot palletising systems from factory management was that the 

unreliability of the existing overwrapping machines would have to be 

improved (216), a problem which they had been able to tolerate with 

manual palletising. There were two schools of thought on this issue, on the 

one hand some people were in favour of the robot systems because they 

would force them to solve a problem which they had "put up with for years" 

(ref. a factory manager February 1985) More common though was the view 

that the robot systems weren't justifiable because "an operator would still 

be needed to look after the overwrapper". (ref. factory manager December 

1984) 
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This dichotomy of attitude towards process reliability is well described in 

the literature, in fact De Vries has reported that it is a highly 

differentiating characteristic between West German and British 

manufacturing industry. In contrast to the Germans he states that when 

considering robot technology 

",,. the reliability argument carries no weight in the U.K., they 
are so used to having inefficient production systems" (217) 

However, those companies that have installed robots have found that the 

fact that they had to sort out long-standing reliability problems provided 

major financial benefits which they hadn't been expecting. 

c) Lack of an ordered environment for the robot to operate in. The classical 

robot application engineering problem, which has led to the demand for 

more ‘intelligent’ robots with sophisticated tactile and vision sensing to be 

developed. The main problem is coping with random changes in part 

orientation, in most cases this could be resolved by the use of jigs and 

position sensing (see for example jar capping cell, Appendix D) although at 

increased cost and at the expense of system flexibility. 

These integration problems were particularly significant in the Trebor project 

because so many applications involved using a robot to link two existing operations 

in a flow-layout process. For example, project MM 023 required the robot to 

remove a PVC jar from a blowmoulding machine and place it on a continuously 

moving conveyor (Appendix A). This project suffered from all three integration 

problems because 

a) The design of the tray hangers on the conveyor made automatic loading 

difficult without costly modifications. 
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b) The blow-moulder was an old machine, which did not consistently deflash the 

mouldings properly. The operator was relied upon to inspect all the jars and 

rectify bad ones. 

c) After moulding and deflashing the jars were ejected automatically to fall 

randomly onto a conveyor belt. Modifications to the ejection mechanism 

would have been needed to retain part-orientation to allow location by the 

robot. 

These integration problems were particularly troublesome in the Trebor case 

because they were largely new to the Company. Although the pace of change in 

confectionery markets is considerable, radical changes to the production processes 

are quite unusual as new product introductions are generally produced on existing 

equipment. Packaging machinery is usually installed on a machine replacement 

basis and so integration problems might be expected to be a problem here. 

However, packaging machines are designed as discrete, autonomous units which 

require little interfacing to the existing process. Trebor is therefore able to take a 

localised approach to new machine installation, improving parts of the 

manufacturing process as required, without the need for a long term plan for the 

overall improvement of the whole manufacturing plant. Therefore, the integration 

modifications required by the robot systems were regarded as excessive in many 

cases by the factory works-engineers, and were cited as evidence of the 

inappropriateness of robotics for Trebor's needs. Indeed, in comparison with norms 

in other industries who have adopted robot technology Trebor's systems required 

significantly more peripheral equipment (see chapter 6). This analysis suggests that 

the causes of this lie firstly in the fundamental difference between robotics 

technology and the existing process and packing technologies and secondly, in the 

approach taken by Trebor to new machinery installations. 
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7.4 The Design of Robot Systems to Meet Trebor's Needs 

This research has shown that although there is substantial potential for employing 

industrial robot technology in Trebor both in the short and long term, at the 

moment the 'fit' between the technology and Trebor's needs is a poor one. There 

needs to be substantial changes from both sides before the undoubted benefits to 

the Company offered by robots may be achieved. This section draws together the 

results which have emerged from the Trebor case-study and its analysis to provide 

an outline specification for industrial robot systems to improve their compatibility 

with the Company's financial, organisational and technical needs. 

Design Principles 

Modularity - modular design of both the robot cells, to minimise integration costs 

and to allow staged implementation, and of the robot tooling to allow fast product 

changeover and high flexibility. 

High Speed - operating speeds are needed to match manual methods of packing and 

handling, i.e. cycle times of 1.5 - 3s for small items, 10-15s for larger ones. 

High floorspace utilisation - P greater than 60% 

100% product inspection - to increase consistency of manufacture, and remove the 

need for manual post operation inspection. 

Environmental Protection to IP55 standard - of all system components to prevent 

ingress of water during cleaning, or airborne sugar and dust particles during use. 

Standardised hardware and software - to reduce integration costs and timescales, 

to allow production control data-link and automated materials handling to finished 

stock warehouse. 

Two distinct categories of system are required as described below: type A for the 

packaging and handling of small products at high speeds and type B for handling 

larger products at end-of-line stations, particularly palletising. The majority of 

applications are for type A and are likely to be so in the future. 
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Type A: Modular Robotic Handling/Packaging System 

Purpose: To automate the currently labour intensive low- 

volume packaging and materials handling tasks. 

Background: At the moment a large proportion of Trebor's 

products are packed by hand as they are low volume 

lines which do not justify, or would not fully utilise 

dedicated high-speed packaging machinery. 

Potential Benefits: Elimination of direct labour cost whilst retaining 

flexibility, improved quality, untended operation 

during nightshift. 

Features: Modular design to minimise integration costs 

- bolt on tooling 

-'table' based design, 'robot in a box' 

- high speed, low inertia arm design using 

direct drive electric motors. 

Cartridge feeding of Packaging Materials. 

100% inspection of output 

Product changeover in less than 15 minutes 
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SCALE 1:50 gt, 

  

SYSTEM MODULES 
1 computer control linked via 

busbor to cell periphery 

tooling table 

folded carton cassette 

cell guarding & busbor 

product cartridge 

carton erection Jig 

2 

3 
4 

5 

6 product inspection unit 

a 

8 pack—Inserts cassette 

9 pick & place arm 

10 scora direct drive robot 

11 Ink—Jet printer 

12 outfeed conveyor 

Hexagonal cell—shape maximises productive workspace & reduces Integration 
problems; allows 2—D production lines to be 

bullt In honeycomb fashion. 

All tooling modules bolt directly onto tooling 
table & plug Into the 1/0 busbor which Is fitted 
within the cell guarding 

As the tooling table Is fixed w.r.t. the robot datum, 
modular tooling and portable software may be used. 

Figure 7.4.2 Type A Robot 
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Type B: End of Line Robotic Handling/Palletising System 

Purpose: 

Background: 

Potential Benefits: 

Features: 

To automate the end-of-line and _ inter-line 

packaging and handling operations; integrating 

currently separate processes and closing the loop to 

finished product storage. 

All end-of-line operations are currently carried out 

manually due to Trebor's flexibility and inspection 

requirements. Many are unpleasant and repetitive. 

Reduced direct labour cost, improved working 

conditions, improved quality, untended operation 

during night shifts, flexibility to meet changes in 

product/pack - new combinations. 

Gantry configuration to maximise productive 

workspace. 

100% inspection of output 

Production data input to central computer control 

Quick-change tooling 

Modular design interfacing to production line and 

materials handling equipment. 
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7.5 Analysis of the Design Method 

The majority of the design studies carried out in the Trebor project involved the 

use of a robot system to link separate work stations within a production line. These 

stand-alone systems, retrofitted into the existing manufacturing process were 

found to be much more difficult to design than the applications where a fresh start 

was possible - as for example in the case of the jar capping system. In particular, 

overcoming the integration problems at the interfaces between the robot system 

and the surrounding process was far easier in the case of the new lines because 

both the robot and non-robot parts of the system could be designed together, 

avoiding the orientation, communication and layout problems described above. 

However, in the case of retrofitted systems a recurrent obstacle was the need to 

make substantial changes to the existing process equipment to enable a robot based 

solution to be used. As well as these integration problems, these linking type 

applications suffer from three other drawbacks: 

a) Retrofitting leads to the 'robotisation' of the manual task at the expense of 

considering more radical approaches, possibly through the adoption of more 

elegant or simple means. The emphasis on robots as "mechanical people- 

replacers" has fuelled this problem and led to research into the development of 

humanlike capabilities. The demand for more intelligent robots has also been 

a result of this. The flaw in this approach to robot development was 

highlighted by Seering in 1984.(218) 

"Humans were designed to throw stones, pick berries 
and climb trees. Survival based upon one's ability to 
place a bearing on a shaft has played almost no role 
in the evolutionary process . . . machines modelled 
after humans have all the inherent weaknesses of 
humans in performing manufacturing tasks..." 

His point is equally applicable to industrial robot applications modelled in the 

same way. 
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b) Linking type applications emphasise the robot as an autonomous unit rather 

than as just a machine integrated within the manufacturing process. This 

centres attraction on the robot, increasing labour sensitivity and resistance, 

and reducing effective management of the overall system it is to be linked 

with. This error was specifically made in the development of Trebor's first 

robot installation at Colchester. Great trouble was taken with the 

management of the robot cell's development and installation, but the new jar 

line it was to be linked with was not managed so closely. As a result the robot 

was installed six months before the rest of the line was completed (see also 

chapter four). 

c) Using an industrial robot within a dedicated process results in poor utilisation 

of the programmable facilities provided by the computer control system. This 

redundancy is reflected in the significant number of companies who have 

substituted low-cost "pick and place" devices after first using sophisticated 

robot systems (16% of companies surveyed in the Aston Study). (219) 

Despite these disadvantages, linking applications are still an ideal first step in 

introducing robot technology to a firm. Their low cost and low complexity make 

them ideal as learning projects with the aim of gaining experience and expertise 

with the technology. However, there is a danger that companies do not progress 

from them, choosing instead to implement similar systems in this isolated 

"piecemeal" fashion to improve the productivity of localised cost-centres. This is a 

characteristic which clearly distinguishes between British and Japanese user 

companies. The Japanese approach is more total-system orientated in line with 

their thorough overall approach to production engineering. Rather than focussing 

on a particular task for robotisation they consider the manufacturing process as 4 

whole. For example, the Nippondenso system for the assembly of automobile fuel 

(220) 
gauges Here the sophistication lies in the overall system rather than the 
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individual robotic devices, which in this case are very simple and would not classify 

as robots at all in the Western sense. Despite the low flexibility of the component 

devices, the overall manufacturing process is very flexible indeed, being able to 

cope with 40 different types of gauge. The striking aspect of Naruki's paper, which 

reports on the Nippondenso line, is the clarity of purpose and determination with 

which the task of automation was undertaken. Many authors have reported how 

Japanese productivity cannot be simply explained in terms of technological 

advantage - their production technology is no more advanced than the West's - it 

seems likely that their approach lies at the heart of their success. 

Alternative ways of designing robot applications to the linking type have also 

evolved from work on flexible manufacturing systems for component machining. 

(221) 
(ref. for example Vuzelov » Bjorke ey The principle concepts here have 

been: firstly the layout of equipment in the form of cells along the lines of group 

(223) principles (fig. 7.5.1); secondly the idea of modularity at the cell technology 

level; and thirdly the integration of these autonomous cells within a direct 

numerical control (D.N.C.) hierarchy (fig. 7.5.2) 
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Figure 7.5.2 A D.N.C. Hierarchy of Machinery Cells 

These machining cells share two major characteristics with the Japanese electronic 

assembly applications described above: 

a) The manufacturing process has been designed as a whole rather than piecemeal 

- i.e. a top-down design approach has been adopted. 

b) The individual robot cells have been desgined to operate as sub-units within 

the overall manufacturing process, such that flexibility is inherent _in the sub- 

unit and not just the component robot devices. 
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This total system approach is reported to offer the following benefits: 

- reduction of prime cost 

- shortening of system design, planning and installation lead time 

- increased capability for small batch manufacture 

- gradual introduction of sub-units to match learning-curve 

- application of standard hardware and software 

Sehignrelispilitysces 

Thus the question arises whether this total-system approach is appropriate in the 

Trebor case. Prior research has shown that numerous technical advantages are 

gained from using it, however this thesis has demonstrated the equal importance of 

the financial and organisational aspects of the implementation process. The case- 

study and its analysis have enabled a number of conclusions to be drawn in these 

areas which are very relevant to this question. 

In the organisational area, the following points have emerged: 

- Organisational resistance will always accompany significant change within a 

firm, although its impact can be mitigated by clear planning which places the 

change in context, and which recognises the time that change takes. 

- The learning curve is a limiting factor upon the rate of change, it is important 

to build on the knowledge gained, to use it and develop it within the 

organisation, realising that its importance is as significant as the technology 

itself. The link between learning to use the technology and resistance to 

change is a clear and important one. 

- Matching the technology to its social environment is key to improving the 

quality of work and to productivity. In the Trebor case this increasingly means 

work-group organisation, tending away from line to cell layout of production 

systems. 

- The introduction of robotics and flexible automation, as a manufacturing 
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innovation involves the processes of entrepreneurship, championing and 

negotiation within the organisation. This is shown to be helped by an 

approach which tackles the problem as a whole - rather than splitting it up 

and dividing responsibility. This is also important in managing the project 

so as to ensure that all aspects are progressing together. 

In addition, the following conclusions have been arrived at in relation to the 

financial dimension of the implementation of robotics: 

- It is necessary to take a long term view of the financial implications of 

adopting robotics as a continuous process rather than as a series of discrete 

projects. 

- The importance of the strategic aspects of robotics and the need to take a 

total perspective of the manufacturing process as a whole in order to judge 

them and to be able to link the use of robotics in terms of the business 

aims of the company. This highlights the importance of manufacturing as a 

competitive weapon. 

Consideration of these conclusions from the three main aspects of the problem 

together, highlights the themes which are common to them all. Two items are 

common denominators of the three dimensions of the robot 

adoption/implementation problem: 

* a longer-term planning orientation reduces design and implementation 

costs, organisational resistance to change and provides a balanced 

framework for financial evaluation. 

* adopting an integrated approach to the process as a 'whole! is the common 

philosphy for the design method, project management method and a 

financial appraisal method which are both mutually compatible and 

appropriate. 
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It is concluded from this research that the above two points are the key principles 

behind the successful adoption of industrial robot technology by manufacturing 

organisations. 

7.6 Summary 

This chapter has considered the major technical problems associated with the 

implementation of robotics at Trebor. It has been shown from an analysis of the 

parameters of the Trebor robot-applications, and the use of a new criterion, 

productive workspace, that the technical problems encountered derive from two 

key causes: 

a) the inadequacies of current industrial robot technology in terms of Trebor's 

needs and 

b) the approach adopted for system design and implementation. 

Study of these two points from a multi-disciplined perspective led to the 

development of outline specifications for robot systems which meet Trebor's 

requirements and to the description of a robot-application design approach which is 

appropriate in this context. 

Comparison of these conclusions in the technical area with the earlier 

organisational and financial analysis of the case-study highlighted two principles 

common to all three areas: 

* long term planning 

* integrated management of the robot-adoption process 

suggesting that a common framework which links the previously separate 

dimensions of the problem does exist. 
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CHAPTER EIGHT 

DISCUSSION 
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8.1 Introduction 

This chapter discusses the methodology that was followed in the Trebor project and 

the conclusions that arose from it in the context of the relevant literature. Finally, 

these conclusions and the experience of the case-study are synthesised into a set of 

guidelines for the management of future robot implementation projects. 

8.2 Discussion 

It was reported in chapter seven that despite the complexity of the many factors 

affecting the robot adoption process, this research has indicated the existence of a 

common binding philosophy between the previously separate disciplines involved in 

the task. Particularly it has shown that a longer-term planning orientation within 

the company and an integrated approach to implementation are crucial to the 

successful introduction of robots. 

These conclusions thus complement earlier research which found that the following 

three factors are generally most determinant of successful robot adoption: 

a) the existence of previous experience with automation 

b) the availability of appropriate electronic and programming skills 

ce) the poor working conditions of the manual task before robotisation (225). 

Whereas the above points can be said to be preconditions for successful adoption, 

this research has identified the techniques by which the adoption process should be 

managed. Previous authors have studied robot adoption from the socio-technical 

perspective, stressing the need for a good 'fit' between the technology and the 

company's organisational and labour environments, in that the “introduction of 

robots must reflect a congruent production strategy in which all relevant factors 
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fit fogerhenese The naivety of these recommendations reflects the 

retrospective nature of the research on which it is based, and the authors’ lack of 

experience of manufacturing industry. The contribution to knowledge provided by 

this thesis lies in its study of the dynamic adoption process in practice, from the 

perspective of a participant within it. 

This research confirms Bessant's ee) work in the wider area of manufacturing 

innovation generally where he reports the need for effective planning. However, 

his design-space model of new technology adoption was not found useful other than 

as a description of the boundaries of the problem. Equally Zermeno- 

Gonzeleziaeee! model of robot adoption, whilst specifying the various factors 

involved, gave no useful guidance on how they affect the implementation process in 

a dynamic way, nor guidance as to how they could be managed. The most useful 

model of the adoption process was in fact found to be one of the earliest and 

simplest: Rogers and Shoemevenscce schematic was an adequate description of 

the stages of the process and was used as a basis for the description of the case- 

study. Subsequent models, whilst they are more thorough and comprehensive were 

found to be of little practical use; the adoption process is so complex and variable 

that highly descriptive models are self-defeating. It is more important to highlight 

the key factors and generalise the stages in the process at the expense of 

comprehensiveness in order to present a useful management tool. Thus the 

technical school's description of robot implementation as a sequential structured 

process was found to be of value, despite the fact that the Trebor case-study 

showed that such descriptions are far from complete. As a skeleton-framework of 

the stages that must be gone through, not necessarily in the order presented and 

certainly not as methodically, the technical approach to implementation is a useful 

benchmark, 
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This research also underlined the limitations of an overly mechanistic approach to 

technological change. It leads to an under-estimation of the importance and the 

influence of the less objective, less well-defined aspects of the 

adoption/implementation process and to an over-reliance on the formal procedures 

and structure of the company, when it is the 'informal organisation’ which is the 

key to managing innovation successfully. This confirms Kenter's 22> argument 

that an organic or informal environment within the company allows innovation to 

flourish and the ‘entrepreneurs’ carrying out the change to see the process as a 

whole, rather than it being divided or cut-off by the existing formal structure. The 

collaborative nature of this project, and its marginal status half outside the firm 

gave freer rein to the innovation process. However when this flexible approach 

was superceded by formal structure - such as the Colchester project team - 

problems arose through poor communication and a lack of shared ownership of the 

problem. The formal structure, when grafted onto the project, brought with it the 

existing interdepartmental conflict and prejudices. People were forced to "wear 

their hats" as production manager or engineering manager rather than as members 

of a project team. Thus organising for robot adoption means developing a flexible 

approach - not splitting tasks down into specialised roles or burdening the project 

with the existing procedures of the company. Rather it means working through the 

informal organisation, seeing the problem as a whole and separate from day-to-day 

considerations, being flexible in using whatever skills and resources are available 

within the company and sharing ownership of the problem as a whole rather than 

allocating parts of it to different individuals. 

The Trebor case-study also highlighted the limitations of the highly mechanistic 

approaches to robot application analysis and system design development, such as 

presented by Warnecke and Schraft(2>)) for example. It was found that as expertise 

was developed in considering robot technology in the Trebor 
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manufacturing situation, an overly mechanistic approach constrained the 

development process rather than helping it. A more loosely structured study was 

found to be more effective as it reduced the tendency to over concentrate on the 

robotics system as an isolated unit, rather than as an integrated part of the overall 

manufacturing process. The need to effectively integrate the robot systems also 

crucially influenced the design method used for developing the system solutions. 

The total-system approach advocated by Parnaby*22), Vuzelov'2>) and others was 

found to be considerably more effective than those that focused on the robot 

systems in isolation. In fact the particular characteristics of the Trebor situation 

meant that a broad perspective was of great importance: the nature of the existing 

manfucaturing technologies, the slow rate of change in the industry and the 

Company's approach to production engineering were all found to be significant 

obstacles to the implementation of robots. It was concluded that wider adoption of 

robots within the industry would require significant changes in both robot 

technology development and the production engineering approach employed. The 

reasons for this were shown to be linked to the nature of the robot-application 

design problem - involving as it does a web of chained design parameters which 

make an integrated design approach indispensable; the total systems approach is 

shown to be in concert with the multi-disciplined influences on the robot adoption 

process. 

by definition almost, manufacturing innovation involves the accomplishment of 

something unusual and non-routine by the Company, which therefore requires extra 

effort. Even if it only a small, incremental change it will be going against the 

finely tuned mechanisms which are designed to reduce variance and to optimise the 

status-quo. This thesis confirms previous research which has linked the presence of 

key individuals to the provision of this extra effort behind the innovation. 

However, it also provides new insight into the nature of the process, particularly 

project championing. In identifying the role of passion in driving the 
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project,it has shown how the entrepreneurs or champions within the Company can 

be a negative as well as positive influence. There were both advantages and 

disadvantages to the way the Trebor project was 'entrepreneurially' managed, clear 

examples were identified where it was a negative influence upon the 

implementation process - bringing some harsh reality into the overly romantic 

literature in this area. 

The most striking aspect of the financial dimension of the problem highlighted by 

this research is the stark contrast between the tidy, highly structured financial 

methodologies presented in the literature, and the ill-defined, untidy reality of the 

adoption process in practice; there seemed to be little in common between them. 

A rigid solution-approach to a variable problem is likely to be inappropriate and 

this research shows that indeed it is. Two rather conflicting hypotheses presented 

in the literature were a) that the implementation of robots is hampered by 

inadequate accounting methods and b) by the poor understanding and use of the 

existing methods by the engineers responsible for implementation projects. This 

research suggests that both are partly true. The accounting techniques are 

inadequate, even the accountancy literature recognises this, but their inappropriate 

use obviously worsens the problem. This research indicates that the whole method 

of investment decision-making employed by the Company is the most important 

issue: its time horizons and its priorities, and the ability of the engineers to be able 

to influence the investment decision, rather than simply a question of 

understanding accountancy. The problem is one of access by the technical people to 

the decision-making process and to the information relevant to the decision itself. 

This research found that it was above all a lack of information, particularly 

relevant to the business strategy of the company, that was the problem. It 

suggests that focussing upon the decision methodology is inappropriate when the 

problem is one of access to information, participation in the decision process and 

understanding of the wider context of the problem. 
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The adoption and successful implementation of industrial robot technology is a 

complex and difficult technical problem, for which engineers should be best 

equipped to manage. Although this research has demonstrated the central 

importance of the technical aspects of the problem it has also shown how the 

technical issues are directly influenced by equally important organisational and 

financial dimensions of the innovation process. The development of robot- 

application proposals in the Trebor project is an example of this. The preparation 

of schemes for the proposed robot automation projects was found to be a crucially 

important part of the overall implementation process. Two aspects of the 

application proposal documents were relevant here: the technical and the 

negotiational, which were dependent upon and related to each other. First and 

foremost the application proposal arose from an analysis of the workplace and task 

data and an outline design, to form the basis of the technical specification for the 

eventual system. Therefore the operational performance and success of the system 

depended upon getting the specification and hence the proposal right. But, not just 

right in a technical sense, right from the point of view of the intended 

users/operators/managers of the system, and right from the point of view of the 

needs and aims of the Company, matching the overall business strategy. Thus the 

application proposal document had three parallel roles: as a specification, as a 

basis for financial analysis and as a basis for negotiation between the acting, using 

and directing groups involved in the project. 

This presents significant problems for the traditionally orientated engineer, 

because he is either poorly equipped to deal with these non-technical issues, or as 

often is the case, tends to dismiss them as unimportant, as not 'real engineering’. 

This research suggests that the people managing robot implementation projects 

must take a broad approach which incorporates the management of these crucial 

non-technical issues, and more importantly embrace them within their own 

concerns. This suggests a change in emphasis of the role of engineers within 

168



organisations, away from being purely a resource to the company for Providing 

solutions to technical problems and towards being the driving force for change - for 

getting the ‘right things' done. This means a pro-active rather than reactive role. 

Engineers must widen their scope to embrace the organisational and financial 

aspects of technical problems, to understand the wider context and constraints 

which the firm is operating in, and the strategy it is following. They must 

internalise this knowledge and then use it effectively to mobilise resources and 

provide appropriate solutions to the company's needs. 

It was described in chapter five how some form of technology transfer has to occur 

when a company adopts a new manufacturing innovation for the first time, because 

specialist expertise in the new technology has to be acquired by the firm. This 

means that either current employees have to go outside the company to acquire 

this expertise, or people who already have such knowledge have to be brought in. 

Whichever route is taken the aim is the same: to develop a synthesis of expertise 

within the company between robotics knowhow and knowledge of the existing 

manufacturing situation that it is to be used within. Developing a synthesis of 

robotics and 'local' expertise has been shown to provide the "critical mass" in the 

robot-adoption "reaction" (figure 8.2.1). This explains why the major difficulties in 

introducing robots occur at the development and trial-adoption stages; it is here 

that the crystallisation of this synthesis of expertise is first put to the test; having 

a direct influence upon the project team's ability to design successful system 

solutions, upon people's commitment and ownership of the innovation and in 

maintaining the project's accord with the business and financial plans that the 

company is following. Thus it is a thread which runs through all three dimensions 

of the problem. This conclusion leads to an important guideline for the 

management of robot adoption: the synthesis of expertise must be achieved during 

the investigation stage. It is also good news for companies considering robotics, 

they already possess half of the expertise needed and it is the more important half. 
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It has been mentioned how there are two ways of obtaining this synthesis of 

expertise and whilst the objective is the same, the route for getting there is not. 

In the former case existing employees who have acquired a detailed understanding 

of the manufacturing situation, perhaps over some years, use this knowledge to 

assess the applicability of the new techniques. However, in the latter case, the new 

‘experts' who have specialist expertise in the new technology have to develop an 

understanding of the particular manufacturing situation from the basis of their 

experience of different industries. Trebor followed the latter strategy, and 

although there is no evidence to suggest that either route is preferable, it is vitally 

important that this synthesis of expertise is developed as quickly as possible. In 

the Trebor project an opportunity was missed to do this during the factory surveys. 

It would have helped to develop this synthesis if a factory engineer had also been 

involved in this work together with the author.This would have allowed a two-way 

exchange of knowledge which would have developed better factory ownership and 

commitment to the project and improved the author's understanding of the 

problem. In the same way the development of the application proposals was done 

separately from production people and then later discussed with them. Some of the 

subsequent problems which arose may have been avoided if they had participated in 

the actual designs themselves. 

Of course the disadvantage of doing this is the cost it involves. The participative 

approach is a very expensive one, involving manpower from each factory as well as 

a central person from R & D. It is also linked to the entrepreneurial process which 

has been shown in this research to be a key influence. It is important that a 

Coalition of support is built with the people involved in and affected by the change, 

upon which the project can then be built. In the early months of the Trebor project 

an over-concentration on the technical aspects of the problem meant that this 

coalition-building was not done, as a broad approach was not adopted until 

problems were faced in identifying the first application in late Summer 1983.This 
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highlights the importance of this linkage between the application development and 

learning processes involved in robot adoption. 

Strategic planning - the "... deliberate and conscious articulation of a direction, 

creating a vision of a possible future ..." has been reported in the literature to be a 

crucial influence on a company's ability to cope with change, including robotics. It 

is argued that the complexity and pace of technological change is one of the 

strongest influences on business and that the strength of this influence is likely to 

increase in the future; in the case of robotics and flexible automation, the need 

for strategic planning is emphasised for four reasons: 

significant use of robotics technology changes the fundamental economic 

structure of the business 

* implementing robotics programmes requires sustained effort over a number of 

years 

* robotics offers new business strategy options. Namely; capacity matching to 

the product life cycle, vertical integration into distribution and supply 

removing the need for inventory decoupling and exploiting technological 

discontinuity within the manufacturing process to achieve a_ stronger 

competitive position through more flexible, predictable manufacture. 

* integration difficulties such as hard/software incompatibility can only be 

avoided by planning. 

It may be argued that these factors are only important to companies intending to 

make substantial investment in robotics, and not firms like Trebor who are still at 

the experimentation trial - adoption stage. However, the preceding analysis of the 

Trebor project reported that even at this early stage, clear long term planning is 
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vital. Seven instances of the need for it were cited: 

- at the start of the project, in deciding the Company's response to this 

developing technology 

- at the commitment stage, emphasising the learning aspects of the first robot 

- at the completion of the first installation, to maintain the momentum of the 

project 

- to 'flag' the effect that the changing business strategy was having on the 

emphasis of the project 

- to aid liaison with outside agencies 

- to reduce internal resistance to change by putting the short term problems 

into a long term plan which put the difficulties into perspective, and provided 

a joint 'vision' for "why we were doing this" 

- to bring the project back into the Company, "to institutionalise the innovation" 

which the entrepreneurship will act to push out 

The analysis in chapters four and five showed that at certain points in the project, 

this need for long term planning was not fulfilled, particularly following the 

installation of the first robot. Two main problems were experienced here, firstly an 

emphasis on the operational benefits of continued further adoption of robotics 

rather than the strategic ones, and secondly a failure to grasp the significance of 

an important change in the Company's business plan which affected the project. 

This contributed to the perception which developed in early 1985 that the project 

was too separate from what the rest of the Company was doing. As chapter four 

demonstrated, there needs to be a clear link between any technical project and the 

Company's business aims. This failing was due to an overemphasis on the technical 

aspects of the project in the early stages, which in turn led to inappropriate design 

solutions in the context of the Company's needs and priorities. It can be concluded 
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that technical solutions cannot be developed in isolation of the business needs and 

financial framework. An understanding of these needs will enable the engineer to 

tailor his design and present his solution in the best light - emphasising the features 

which provide the benefits needed by the company at that time. This was therefore 

further evidence of the importance of engineers’ training and briefing in the areas 

of accountancy and business planning. 

The three year planning horizon is also of crucial impact on the Company's ability 

to properly consider the strategic long term issues raised by robotics. Three year 

planning means that at best the Company can only 'see' two years ahead. Thus one 

of the reasons for the lapses in the robotics project's long term planning can be 

attributed to the Company's capital budgeting procedures. An alternative approach 

to having the robotics project funded from Production division's capital investment 

budget, is to use a separate 'venture capital’ account to reflect the higher risk and 

special issues involved, and to separate an entrepreneurial risk from the 

mechanisms aimed at optimising normal operations, a fundamental principle of 

innovation management. 

The purpose of a technology strategy is to define how a company can most 

effectively use and ‘develop’ its knowhow resources to achieve maximum 

competitive advantage. (It is worth noting that three of the four processes in robot 

adoption identified in chapter four were knowhow dependent.) However, in the case 

of robots the literature reflects a dichotomy of opinion as to whether the adoption 

of robotics is an investment or a strategic decision. It is clear that the conflict 

arises from confusion as to at what level the decision should be taken. Deciding if 

the time is right to enter a new market, acquire another business or build a new 

factory are all generally regarded as strategic business decisions, dependent upon 

the competitive position of the company overall and managed via long range plans. 

However, the decision to adopt a significant new manufacturing technology is not 
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regarded in the same way. Perhaps through a lack of understanding the decision is 

often relegated to an operational level, focussing on the short-term benefits that 

may be achieved and without any acceptance of the business risk associated with 

the decision. Trebor were both enlightened and progressive in their attitude 

towards adopting robots on a trial-adoption basis to both learn about and prove the 

technology in their particular manufacturing situation. 

Overall this research has achieved the objectives set at the beginning of the work 

in September 1982. It has shown that whilst there is significant potential for using 

robotics both in Trebor and the food industry (at the most fundamental level long 

wave trends in the marketplace point to flexible automation as a key enabling 

technology in the future), it has identified the equally significant changes to both 

the technology and production engineering techniques needed if this potential is to 

be realised. The research study of the robot adoption process in action led to the 

identification of both the strengths and weaknesses of Trebor's approach to 

managing innovation. Evidence in support of the worth of this work can be found in 

that the author was asked to write a technology strategy for the Company as a 

result. 

One of the aims of this research was to improve the currently rather poor success- 

rate in the use of robot technology in the UK. To this end the research conclusions 

have been summarised in the form of a plan of work for the management of future 

robot projects. 
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Plan of Work 

for 

Industrial Robot Implementation 
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This plan of work provides guidelines for the management of robot implementation 

projects based on the experiences and conclusions of this research. 

It consists of four parts 

- alist of key project milestones 

- an action plan for top management 

- an action plan for the project team 

- a critical path analysis of a complete robotics adoption 

investigation through to full adoption. 
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PROJECT MILESTONES 

1 Started to actively search for more information on robotics technology and 

its use. 

2 Decided to investigate the application of robotics to the firms 

manufacturing processes and the strategy to be followed in doing so. 

3 Identified the potential and implications of using robots within the 

company and the fit with company plans. 

4 Developed a synthesis of robotics and local manufacturing expertise. 

5 Agreed the company's response to the opportunity offered by robotics 

technology. 

6 Chosen first production application for robotics within the company. 

Yl Audited first system and reviewed project overall. 

8 Decided long term plan, level and rate of implementation or decided to 

suspend adoption. 

9 Production personnel able to effectively consider robots and use them 

where suitable in the manufacturing process, integrated efficiently with 

other manufacturing technologies. 
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ACTION PLAN - TOP MANAGEMENT 

* Provide the raison d'etre for the implementation/adoption project, i.e. 

clarify the links betwen the use of robotics technology and the long-term 

aims of the company. 

ae Set up a group to manage the adoption/implementation process. Provide 

clear responsibility and the resources necessary. Clarify the 

entrepreneurial nature of the project and the importance of a broad 

approach. 

me Protect and sponsor the project team, emphasise a 'time' orientation and 

that success matters, be aware of project drifting too far away from the 

core company or conversely being bogged down by _ 'normal' 

procedures/policies - maintain a balance of marginality, but maintain the 

project team's autonomy. 

2g Provide a clear "Vision-of-the-future" which people can aspire to and which 

puts the short term difficulties into perspective. 

x Be clear that the technology offers a competitive advantage to the 

company - i.e. understand it - beware of technological jingoism pushing the 

project rather than the company's needs pulling it. 
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ACTION PLAN - PROJECT TEAM 

* Take time to understand the problem, and if a newcomer to the company - 

take time to understand the 'system' 

Develop support for the work at all levels in the company - this will involve 

‘marketing! the idea, emphasising the benefits most relevant to the groups 

concerned - i.e. provide focus to 'why we are doing this' -emphasise their 

benefits or outweigh disadvantages with a longer term view. 

Don't start the development stage of the project until sufficient: expertise, 

understanding and information on robotics; understanding of the problem, 

the important issues; support from top management, production 

management and production workforce; resources have been acquired. 

During the development/trial adoption stages think ahead to smooth the 

path for the project, protect it - don't baulk at doing what is necessary; 

realise that this is an innovative project and so requires extra push, so 

bending the rules is unavoidable. Just do it as diplomatically as possible, 

but be resolute. 

Involve production people in the development process. 

Reconnoitre the territories that have to be crossed in implementing the 

project and develop alliances with the people who occupy them. 

Towards the end of the trial adoption stage act as a gardener for the seeds 

of other projects, disseminate expertise and ownership to institutionalise 

the use of robotics within the organisation, and thus maintain the 

momentum established by the earlier championing and sponsorship. Support 

other people championing projects. 
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Be sensitive to hints that problems are occuring, don't let them fester into 

major obstacles. Watch the radar - listen to informal network. 

Don't fall back upon the formal organisation to get things done, establish 

informal links early on and use and maintain them. 

Don't feel guilty if less time is being spent on the 'real engineering work' than 

is usual or expected. Real Engineering is about managing the situation so that 

the "right things" get done. The crucial broad, integrated perspective cannot 

be maintained if you spend all your time on the detail. The non-technical stuff 

is crucial - watch it closely. 
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Figure 8.3.1 Critical Path Analysis of Robot Implementation; 
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8.4 Conclusions 

It has been shown that robotics technology will have a significant impact on 

confectionery manufacturing and similar batch food-processes, particularly: 

* product decoration e.g. cakes, easter eggs, chocolates 

* ‘assembly! of layered products, such as sandwiches pre-packed snacks and 

ready-meals 

* product inspection and sorting 

* — packing and packaging operations 

* — end-of-line stacking and palletising 

* — materials-handling and warehousing. 

At the present time the fit between robotics and Trebor's needs is a poor one, 

developments will have to occur in both the technology and Trebor's production 

engineering methods if the opportunity offered is to be realised. The current 

problems are: 

* the poor space efficiency, low speed and high cost of the current generation of 

robot systems 

* the fundamental difference between robotics technology and the 'mainstream' 

manufacturing technologies used in the food industry in both design and use. 

The changes needed to bring the problem and the robotic solution closer together 

are as follows: 

Robot system design principles 

for food manufacture: 

- modularity of tooling and component systems 

- systems configured to give good floorspace utilisation 

- visual inspection systems designed for very high speed 

inspection of simple shapes 
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5 fast arms 

- IP55 protection of all system components using food quality 

materials in construction 

- integration into packaging and handling operations, general 

merging of robotics technology into food process and packaging 

equipment to give flexibility throughout the manufacturing 

process. 

Production engineering principles 

for employing robotics technology: 

- take the whole manufacturing process as the starting point 

when considering process improvements 

- design robot-cells to operate as sub-units within the 

manufacturing process such that flexibility is inherent in the 

sub-unit and not just the component robot devices 

- establish a long term plan for the eventual modernisation of the 

whole process before consideration of partial improvements 

- integrate the financial and organisational context of the design 

approach - ie take a multi-disciplined, broad approach to 

design. 

The adoption of industrial robot technology by a company is a process of innovation 

which involves: 

EY) an_ engineerin rocess: whereby the technology is investigated and 

evaluated, systems designed and developed to meet the comapny's special 

needs, and implemented on a trial basis to assess their effectiveness. 

b) a technology transfer process: in that a synthesis of expertise has to be 

developed between the ‘local’ knowledge of the Company's specific 
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c) 

d) 

manufacturing processes, and the specialist knowledge of robotics technology. 

Two main technology-transfer routes may be used to obtain this synthesis: 

i) between the adopting company and other users 

ii) between the adopting company and the robotics community, 

Particularly the robot system vendors. 

a learning process: whereby the implementation process is limited by the rate 

at which robotics expertise can be acquired and disseminated within the 

company. The effectiveness of the synthesis of expertise and shared 

ownership that is developed is a crucial influence upon the level of 

organisational resistance that is encountered and the ability to design 

effective robot applications. 

an_entreprenuerial process: the adoption of robot technology involves the 

Company in a process of change which must be managed separately from the 

activities necessary for the day-to-day running of the firm. This involves an 

element of entrepreneurial management to provide impetus and sponsorship 

for the adoption/implementation process. The championing of technological 

innovation is not an especially heroic process, rather it is a process of 

sponsored change which tests the adaptability of the organisation and 

individuals to cope with it, and which has negative as well as positive 

influences on the innovation process. Passionate belief in the project is a key 

source of drive behind it. 

A balanced judgement of the financial viability of adopting robot technology 

requires: 

i) 

ii) 

a long-term view (5 years plus); 

consideration of the effect on the overall manufacturing process as a 

whole; 
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iii) consideration of the impact of the technology in terms of the company's 

business strategy and the manufacturing task, and hence the competitive 

advantage it could provide. 

Finally, the most important conclusion from this research is that a longer-term 

planning orientation which links the implementation of robotics to the company's 

business strategy and an integrated, broad approach to managing the adoption 

process are crucial to successful robot use. 
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Appendix A 

This appendix contains the data collected during the factory surveys carried out in 

1983 and 1985. 

This work is discussed in chapters 3.3 and 7.2. 
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\ survey w undertaken et each Trebor factory 

in the U.K. in order to identify possible 
applications for industrial robots. 

2 totel of 18 different types of feasible 
i were identified, representino 

100 applications in total in Trebor. 
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1.0 Introduction 

  

This report presents the results of a study 

cerried out during December 1982 and January 1° 

as part of the I.H.D. robotics project. 

  

The purpose of the study was to identify 

all feasible applications for industrial robots 

in each factory and to gather the information 

required for their evaluation as future projects. 

Ss well es a description of each type of 

applicetion the report conteins an explanation 

of the study method and summary of results. 

Method 

The method edopted for the survey of each 
factory was as followss- 

i) A first tour of the factory in order 
to gain a general familiarisation 
with the leyout of the plant and 
understanding of the manufacturing 
processes employed. 

ii) 4 detailed study of each production 
process, followino the materiel flow 
throughout the process, identifying 

possible applications and recordino 

individual tesk end process information. 

iii) Collection of background data on 
each application identified. 

iv) Anelysis of information collected. 

v) Further study of individual operations 

where necessary. 

vi) Compilation of formal records on each 

application. 
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2.1 Study Criteria 

The criteria used when carrying out the 
investigation anc upon which the study was based can 
be summarised:- 

vii) 

viii) 

ix) 

x) 

xi) 

xii) 

xiii) 

xiv) 

xv) 

xvi) 

Is the task wihin robot capability in terms 
of load, reach envelope and complexity. 

Is the task heavy, unpleasant or monotonous. 

Does the operation add value to the product. 

Is the task labour intensive. 

Is the cycle time oreater than 6 seconds. 

Cen workpiece orientation be controlled. 

Whet visual inspection is required durino 
the operation. 

What is the line output capacity and present 
output. 

What is the likely future output. 

What is the frequency of product variation. 

What is the relationship of this operation 
to the process as a.whole w.er.t. material 
flow and machine interfaces. 

Whet is the physical nature of the workpiece. 

What level of positional accuracy is required. 

How much floor space is available. 

Hes e similar operation already been 
successfully automated elsewhere. 

How successful is the present operating 
method. 
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3.0 Robot Applications 

The information on each application is summarised 

as follous:- 

my A levout drawing showing e plan view of 
the operation at present. It includes 

the positions of machines and operetors 

and the material flow throuoh the operation. 

An application data sheet summarising 
the information relevant to the operation. 

4 process flow diaoram/ These dieorams 
exectly describe the elements of the process 
and the relationship between them, They 
also facilitate subsequent analysis of 
the operation. (An explanation of the symbols 
used is given on a fold-out sheet; appendix ) 

3.1 Applications List 

XX001 
Xx002 
XX003 
XX004 

ccoo9 
ccoio 
cco1i0 
cco012 
CcC013 
cco14 
Cc015 
cco16 
ccoi7 

MMO20 
MMO21 
WMO23 
MMO24 
MMO26 

EXPORT CASE PACKING 
48 ROLL CARTON 
MULTIPACK PACKING 
« PALLETISING      

1p CHEW PACKING 
Sp CHEW PACKING 
BINNING OFF FROM ROLLURAP CONVEYOR 
J&R MANUFACTURE 
LOLLYSAG PACKING 
JAR PACKING 
LOLLIPOP CARTON PACKING 
IMPERIALS CARTON PALLETISING 
LOLLYADE MANUFACTURE 

BON-5O0N BAG PACKING 
BON-BON CASE PACKING 
JAR MANUFACTURE 
JAR FILLING MACHINE LOADING 
TOFFEE & FUDGE PACKING 

1 After Warnecke & Schraft 1982 
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Summary 

The study revealed the following points:- 

-S1l applications were meterials handling tasks. 

-The majority fall into the followino categories: 
Palletising 
Carton or box packino 
Machine loading/unloading 

-Number of different applications; 18 

-Total number of potential applicetions: 100+ 
Colchester: 20+ 

Split: Chesterfield: 40+ 
Maidstone: 40+ 

-4 applicetions are extremely unpleasant, i.e. 
score over 39, 
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TREBOR R&D ROBOT APPLICATION 

” DATA SHEET XXOO5BA 

  

  
10. 

ltrs 

12. 

13. 

14. 

15. 

16. 

17%— 

Application No: OOSA& Date: Fee GB By: HO Factory: XX 

Application Name: WAS FACKINIG 

Location: Feon™ 4 Personnel: 

Description of Object: 2:25Ke Ore 

Dimensions: L |Y5 mm WlOS mm H 305 mm Weioht:225kq x& 

Description of Task: fameve 

PEMove GHETY JABS Cao CASE 4 PLACE. ON CONVEYOR, (core) 

Rex ve 6 ARs (Fed) 4 PACK INTO CASE .INTERIENVE CASE FLAPS 

Occasional Veriations: — 

Inspection: Jae CaP SEAL 

Load/Unload Time: 4 s Positioning Accuracy:+ GS mm 

Qperation Cycle Time: 26s Overhead mounting possible? YES 

How is Object Presented: IN CAePBOAeD CASE > OPSIDE DOWN! 

Removed: Star GONVEYO R_ 

Machines to be interfaced to this operation? Jae. CAPPING » FILING 

      

PAUETISIN G 
No. of Operators this Operation: es No. of Shifts: Zz 

Nature of the Task (score 0,1,2,3) 

Rating Weioht = Rx 
Accident risk :__ 5 ie 5 

Muscular strain: 2 3 6 

Noise 23 4 Ze 

Dust, vapour cake ie aS: 

Temperature 3 3 cane 

Monotony 4 rz 

Eyestrain os 3 — 

Prot. Clothing 1 ae 

Oil, grease 2 me ees 

Coldroom Conds :__ 3 co 

  

Check location of columns, services, expansion joints etc.” 

Space available for new equipment: GOOD — New AppeucATION! 

Floor Layout Drawing No: oco6/D 

216 on  



  

TREBOR R&D =. cae XKOO SS 
  

Application No: OOS Date: Fea B4 ey: Ta) Factory: XX 

Application Name: <wbe Line Automation 

Location: Peoct” A; Personnel: 

Description of Object: Pastic VAR, AE CAP, Peck aciner 

Dimensions: LNA mm U mm H mm ueioht:41ko 

Description of Task: CompigiE AUTOMATION OF VAR PRCKINIG é 

ee eee FUL, CAP, ABEL, PACIC, CLOSE CASE , PALETISE 

Occesional Variations: — 

Inspection: FCKAGING QUAUTY 

Load/Unload Time: ™ s Positioning Accuracy:+ S mm 

10.Cperation Cycle Time: abs Overhead mounting possible? Y 

11.How is Object Presented: SracKED ON PALLET BOLO 

i Removed: 

42.Machines to be interfaced to this operation:ComeLeTe SYSTEM 

13.No. of Operators this Operation: 2-3 No. of Shifts: Ze 

14.Nature of the Task (score 0,1,2,3) 

  

Rating Weioht Rx 
Accident risk :3 5 JS, 

Muscular strain: > 3 ibs 

Noise 3 4 hee 

Dust, vapour ale 3 > 

Temperature tos 3 ee’ 

Monotony 4 2 

Eyestrain ao 3 es 

Prot. Clothing :__ 4 —— 

Oil, grease aan 2 = 

Coldroom Conds :__ 3 oe 

TOTAL: ST? 

15.Check location of columns, services, expansion joints etc. Sa 

16.Space available for new equipment: GQoocm 

17.Floor Layout Drawing No: CCOG/D   217  



  

TREBOR R&D Fs ys ita ge 

  

  

1. Application No: OO6 Date: a BS Bi la) Factory: XX, 

2. Application Name: Bint FILuNcG 

3. Location: feop™ 41 Personnel: ~ 

4. Description of Object: Pastic SToeace BIN Foe LOOSE Ropoc| 

5. Dimensions: L GOOmm UW SOO mm H B00 mm Weight: 2Okg 

6. Description of Task: Pick UP EMOTY BIN Fearn PALS STACK, 

Place ONDES FONNEL, WAIT DNTIL Qn I> FOL, 

sTAcK ON PAUET OF FILRD BINS 

7. Occasional Variations: \ 

8. Inspection: LENEL OF PReoDLCT IN BIN 

9. Load/Unload Time: =(( s Positioning Accuracy:+ /O mm 

10.Cperation Cycle Time: 30s Overhead mounting possible? 

11.How is Object Presented: ON fauseT STACK 

‘ 
Removed: = 

12.Machines to be interfaced to this operation: Peanocr Deore FonNel| 

13.No. of Operators this Operation: 4. No. of Shifts: 2s 

14.Nature of the Task (score 0,1,2,3) 

Rating Weioht Rxu 
Accident risk :3 5 Se 

Musculer strein:3 3 <a 

Noise zily 4 Suck 

Dust, vapour ote 3 cS- 

Temperature os 3 = 

Monotony 3 4 he 

Eyestrain ere 3 oe 

Prot. Clothing :__ 4 hee 

Oil, grease i 2 —— 

Coldroom Conds :__ 3 — 

TOTAL: 43° 

15.Check location of columns, services, expansion joints etc. ~ 

16.Space available for new equipment: Fooe__ 

17.Floor Layout Drawing No: coCoOoG /D 
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" DATA SHEET 

TREBOR R&D ROBOT APPLICATION MMO af 

  

  

1. Application No: O27 bate: ee SS By: Taul> Factory: MM 

2. Application Name: Facking AesoReITmMentT S 

3. Location: GND FLOOR Personnel: ~ 

4, Description of Object: Assoerem MOULDED Sweet PeanoctS 

5. Dimensions: L~1S mm u—S mm H- 2mm Weight: Ko 

6. Déscriptionof task: cae ue “BAY OF ~ 20° SWeer=, StIPS 

Snears CFS in CARTON, Puce TEAY ASIDE 

Ccecemr S-6TMES, GOSS CARTON UD, PLACE ON CONVEYS @ 

7. Occasional Variations: Bap MOULDING 

J. Inspection: OF EACH PeomucT 

9, Load/Unload Time:~35 Positioning Accuracy:+ a mm 

10.Cperation Cycle Time: ~ s Overhead mounting possible? Y 

11.How is Object Presented: "TeareD, ON ConveYor— 

Removed: er CNVEYOR_ 

12.Machines to be interfaced to this operation: Pe rrerisinia, OveeneZna? 

13.No. of Operators this Operation: 20 No. of Shifts: a 

14.Nature of the Task (score 0,1,2,3) 

t = x ie Rating Wei 10 a 

L1
11
 

We
l 

Ph
t 

| 

Accident risk 

  

Muscular strain:3 

Noise : Ix 

Dust, vapour 

Temperature 

Monotony 

  

Eyestrain 5 

Prot. Clothing :__ 

Oil, grease 3 

w
U
u
n
e
u
r
u
u
e
 

u
n
 

Coldroom Conds :__ 

ri 

  

415.Check location of columns, services, expansion joints etc. ~ 

16.Space available for new equipment: Vv, UTS 

17.Floor Layout Drawing No: 
219  



  

TREBOR R&D DA ndeey. |. AES " DATA SHEET 

  

  

1. Application No: O28 Date: Ra BS py:e) Factory: MM 

2. Application Name: PaLLetioinca, CARTON ASSORTMENTS 

3. Location: GN& Geek Personnel: 

4, Description of Object: CARTON OF MOULDED NCS SWEETS 

5. Dimensions: L2oO mm WU (oO mm H BO om WeiohtxhkSkg 

6. Description of Task: Ack LP caASsToOn FeOM GonVEYoe, 

Sack ON PaLLET DEPENDING UPON FRoObUCT TYPE. 

7. Occasional Variations: ~ 

d. Inspection: ~ 

9, Load/Unload Time: s Positioning Accuracy:+ S mm 

10.Cperation Cycle Time: O55 Overhead mounting possible? NO 

11.How is Object Presented: ON CeNVEYOR 

Removed: ON PALUET BoaeD 

12.Machines to be interfaced to this operation: CONVE TOR 

13.No. of Operators this Operation: 1 No. of Shifts: 2 

14.Nature of the Task (score 0,1,2,3) 

le
 

‘0 le 0 x i 
PL
T 

LI
 

TT
 

beb
e Accident risk 

Muscular strai 

  

Noise 3 

Dust, vapour 3 

Temperature 

  

Monotony 

Eyestrain : 

Prot. Clothing :__ 

Oil, grease 2 

U
n
e
 

u
r
u
u
r
k
u
a
w
n
 

Coldroom Conds :__ 

Ti 

  

15.Check location of columns, services, expansion joints etc. a 

16.Space available for new equipment: VuTne 

17.Floor Layout Drawing Nos 
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TREBOR R&D ROBOT APPLICATION 

" DATA SHEET MMO3I| 

  

  
10. 

A 

12. 

13. 

14. 

15. 

16. 

17%. 

Application No: O3\ Date: fee ‘BS By: Gul) Factory: WA 

Application Name: JAG CAPOING 

Location: \er Feo@_ Personnel: 

Description of Object: WC JX2 & AP 

Dimensions: % $90 mm tM ———_=»m—_+# am Weioht: ~ Ko 

Description of Task: Ack OP CAP , PLACE Onto Ke —TORN 

TS seat 

Occasional Verietions: BapLY MoOLLODED HAP 

Inspection: CAP QUAUTTC 

Load/Unload Time: ~.s Positioning Accuracy:+ | mm 

Cperation Cycle Time: 3s Overheed mounting possible? 

How is Object Presented: RANDOMLY in Bok 

Removed: ON GCONKeYOR_ 

Machines to be interfaced to this operation: JaAG@ PuiInsqQ 

No. of Operators this Operation: ( No. of Shifts: | fms 

Nature of the Task (score 0,1,2,3) 

  

Rating Weioht Rx 
Accident risk $2. 5 ales 

Musculer strain: 3 3 9 

Noise 3 4 ee 

Dust, vapour —_ 3 jpree 

Temperature : 3 as 

Monotony 4 12 

Eyestrain a 3 ee 

Prot. Clothing :__ 4 Sax. 

Oil, grease — 2 — 

Coldroom Conds :__ 3 eae 

TOTAL: 

Check location of columns, services, expansion joints Broa 

Space available for neu equipment: PRoOre_ 

Floor Layout Dravino No: RO SIG 

221  



  

TREBOR R &D ROBOT APPLICATION MMOZ2_ 
" DATA SHEET 

  

  

1, Application No: O3Z Date: ee GS sy: Yul) Factory: MM 

2. Application Name: MOTIPE PALETTSING (sorTAmTS) 

3. Location: GND @SO02 Personnel: 

4. Description of Object: CARTON OF 26 (24 fous 

5. Dimensions: L 174mm U @2mm H TB mm Weight: '-3kg 

6. Description of Task: COLLATE CASIONS, IDENITIEYING HAVOOR 
CHE#K WeAP- STACK ON PaLLET 

7. Occasional Variations: Faust CHANCE 

3. Inspection: WEAP CAOALITY 

9, Load/Unload Time: 3s Positioning Accuracy:+ 3 mm 

10.Cperation Cycle Time:~[Ss Overhead mounting possible? XG 

11.How is Object Presented: ON CONVEYOR_ 

Removed: huer BOARD 

12.Machines to be interfaced to this operation: Cvem.s.ea7c mi(c_ 

13.No. of Operators this Operation: 2 No. of Shifts: ae 

14.Nature of the Task (score 0,1,2,3) 

  

Rating Weioht — Rxu 
Accident risk :_I 5 =: 

Muscular strain: 2 3 s&s 

Noise 72 4 ‘o> 

Dust, vapour Sea 3 Tete 

Temperature 3 eee 

Monotony 4 tz 

Eyestrain 3 4 6 

Prot. Clothing :__ 1 aces 

Oil, grease a ae 2 erry 

Coldroom Conds :__ 3 — 

TOTAL: Sy 

15.Check location of columns, services, expansion joints etc. Vv 

16.Space available for new equipment: NOT IKAIOWN! 

17.Floor Leyout Drawing No: Nor Average 
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Appendix 

Symbol 

  

  

  

  

  

  
  

y   
  

a 

  

  

re 

  

  

  

  

O 

  

        

: Key to Process Flow Diagrams 

Description 

—_— Random storage of workpieces in containers 

e.g. bins or cartons. 

Storage of workpieces in a definite 

orientation e.o. palletising. 

— Flow of material. 

~ Branchino of material flou. 

—— Combinino of material flow. 

Positioning of workpieces in an ordered 
pettern e.g. on 2 pallet or into a 
certon. 

—— Position or orientate workpiece. 

.Collate or meter material flow. 

_— Feed in 

— Feed out. 

-—— Grip workpiece. 

-— Release workpiece. 

—— Operation 

— Inspection. 
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Appendix 

Key to Process Flow Diagrams 

FOLD OUT CS 
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Appendix 6 

This appendix contains three examples of the appraisal carried out on the 

twenty-eight potential robot applications identified by the factory 

surveys. 

CCo15 carton packing 

MMO023 jar manufacture 

MM030 Driam pan loading 

They are included as experimental evidence in support of the case-study and 

illustrate the problems which accompanied many of the applications 

studied. They are discussed further in chapters three and seven. 

The first example, carton packing, is a very common application throughout 

the Company. These tasks are very labour intensive and have not been 

automated yet because either the flexibility and inspection requirements 

or the low volumes involved prevent it. Such applications could be 

automated using the Type A robot system described in chapter 7.4 which is 

designed to offer the flexibility to cope with rapid product changes, 

allowing the integration of the many low-volume lines the Company 

operates. The second application provides an example of the problems which 

arose from trying to integrate a robot system into the existing 

manufacturing process (see chapter 7.3). 

Finally, the third application illustrates two other key difficulties 

experienced during the appraisal phase: lack of floorspace for the 

proposed system and other process development work preventing the 

agreement of a fixed specification. 
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Ne: CCOIS 

REPLICATION Name’ LOLLIPOP? CARTON TROKING 

YES NO 

beax FOTOEE SNES SATISFACTORY ? ~ 

LeveL OF OUTPUT VoLUME aeop 7? (A) MARA 

Lee OF PROCESS PLANT & Syveaes? Vo 

‘BoAnicAL SimePuaTyY + 4 (Sise o-8) 

Eimanscae BeneritT | at 

Scams Beneeit t ae 

16 

Aniy Ore SIGNIFICANT Factor + 

NOT A @cANDED LINE °° INVESTHENT =ONUKELST 

LITNE CDOeSPACE AVAILABLE 

THis aPpucATION IS VERY 

CommenTS+ 

COMMON THROUGHOUT THE ce 

A BEDICATED AIC I6 NOT SuiTaRle Foe “HIS op> pe TO 
tow ouTPOT Nowne Cf THIS UNE ON ITS OLON - SUacEest 

A Frexiele = SYSTERN LICH Could INTEUEATE PI ReODOCT 
une Worm BE ViABLE 

Maspe PeomerS ARE Mia PACKINK, SPEEDS REQUIEED 

% ceoD Flecesaaxce UTILISATION, 

pasion . 
a 

Cee ese ee 
Coeeenr Coser TecHNoLoG'€ 

is very feerTIvE 
ALTHOUGH SmancaL AcreaisA 

pesoming 2 SHIET CPERATION, 

ec WOSTAMILE INVESTIGATING 
THE TECHNICAL 

& fONWEESAL FLEE CAcxoNn 
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ECASIBIUTY OF 
PARI svsTem



  

cco's 

PROJECT PROFILE 

  

        
  

EVALUATION V.GOOD|GOOD}AVERAGE |POOR|V.POOR 
FACTOR : 

SOCIAL 
System benefits workers in terms 
oT: health 

Safety 
unpleasant work 
neu skills 

FINANCIAL 

Low capital investment 

High net benefits 
High % rate .of return 
Revenue time profile 

TECHNICAL 
Probability of technicel success 
Operational simplicity 
Little visual inspection required 
Proportion of process automated 
Remaining.life of existing plant 
Few changes to existing process 
Floor area adequate 
Technology applicable to other areas 
Little one-off development 

Allows further use of neu technology 
Improves process flexibility 
Improves process control 
Improves product quality       
  

Fi Ao an COMMENTS aoa meres 

CAPITAL COST 

O¢ S¥ STEM UNKNOWN 

Accome WIN, 2] Parece Kenan. 

Aoromation oF THIG TASK 

Weo_se PecviDpe A 

Dieecxr Lawoue- cost” 
Swing OF ! £208K pa. (te op x Zeniers = LOSKe 

INDICATES A BEVELOP- = ae L£416K wood Be cost erperTVe 

eece Mic en Oke E261 qacersys (Cepts Zener »2veexls 
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Noe: MMO2S 

Feopectr Aerenisa 

APPLICATION NAME + SAR MANOFACTORE 

YES NO 

Leay Fores SMES SaATIsACHOEY 7 wv 

LeveL OF GOTPUT VoLUME ceoD 7? v 

Lee oF PROCESS PLANT > Syeaes? a 

(ZOANICAL SimMeLUTY (Scoee o- 8) 

Eimancae Benet 

\ 

7 

Sous Benceit : gee 

12 

Aniy OrAce = SIGN \GICANT Factors: 

THIS APPUCATION IS COMMON TO GeTH CCH MN FaActoeieS 

CommientTS % 

Peasecr SUCeERS FLOM MAIOS TECHNICAL aE OPEZATIONAL_ 
DFE COLTIES + - BESMouLpDEe 1S WOeN « PEDDUGS Foo 

ROALTY JAGS +, SEQUIOING An UNNEcesoaey 

INSEECTION & HARD HeclAsminiG OPT LHC 
CANNOT EASILY BE AUTOMATED 

— be corweroe is Not Sormere FOR 

INTeREACINIG, WIM AUTOMATIC. ERUIPMENT 
— eR 1S CeAMPED 4 pisoepEepeD 
—Heee 1S NO PesrTONAL ComTeOoL OeR_ 

bnc of THE TAEK_ ComPoOneNT>S 

pEASiom $ 

Nor sotsere © AUTOMATON fe THE PEEIDHEEAL 

GROIPHENT NEEDED EScAraTeE System CosT TO 

AND ONACCEPTASLE LEVEL 
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PROJECT PROFILE 

MMO23 

  EVALUATION V.GOO0D/GOOD/AVERAGE |PooR|v.PooR 

          

FACTOR 

T SOCTAL 
System benefits workers in terms 
of: health 

Safety 
unpleasant work 
new skills 

FINANCIAL 

Low capitel investment 
High net benefits 
High % rate of return 
Revenue time profile 

TECHNICAL 
Probability of technical success 
Operational simplicity 
Little visual inspection required 
Proportion of process automated 
Remaining.life of existing plant 
Few changes to existing process 
Floor area adequate 
Technology applicable to other areas 
Little one-off development 
Allows further use of new technology 
Improves process flexibility 
Improves process control 
Improves product quality   

ee 

  

eta. 

—— 
—S y 

|     

COMMENTS Financia Apeensar— 

% 
CAPITAL costs 

Roecor 35,000 
GUALDING 3,500 
TeSouUNG 15,000 
Mons TO 

—conve 10,000 
— MOuLDeER 2,500 

SENsoeS 1,599 
$7500 

YeaRiy Diesct 

Cost SAVINGS LPO. 

Lasove £6,550 

¢500 

~ 1lOvae Parascx 

* Corie 231 
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No: 
MMO30 

Feoectr  Aerensat 

APPLICATION NAME ' DEIAN PAN LOADING 

YES NO 

bLeay FOTOEe SMES SATIogAcTORY 7 % 

LeveL CF GOTPOT VoLYME GooD ¢ v. 

Lee OF PROCESS PLANT > Syeacs? 

‘BOANICAL SGimennUTY + & (Gecee o- 8) 

Caan ORCe Scere eo 

Sousa Besesit hes 

IZ 

Any Orc SiQnigicanT Factor 

Veer SoccesSSFUL BEANDED PRODUCT UNE 

CommenTS 

Frocesmace 15 VERY LINED, ALTHOUGH =LATOUT NOT 

becineDD YET. 

TecwNIcALL AA SIMPLE TRAY HANDLING, TASK. - LOW aosT AXED 

sre RoOeST Would BE ADEQUATE. 

persion 

No DECISION FOESIBLE DVE TO UNCERTAINITT WER 

SYSTEM = LAYOUT. 
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MMO30 

PROJECT PROFILE 

  

        
  

  

EVALUATION V.GO0D| GOOD |AVERAGE |POOR|v.POOR 
FACTOR : c 

; T 
SOCIAL F 
System benefits workers in terms 
of: health 

Safety 
    unpleasant work 

neu skills 

FINANCIAL 
Low capital investment emi 
High net benefits 
High % rate of return oF 
Revenue time profile 

TECHNICAL 
Probability of technical success 
Operational simplicity 
Little visual inspection required 
Proportion of process automated 
Remaining.life of existing plant 
Feu changes to existing process 
Floor area adequate 
Technology applicable to other areas 
Little one-off development 
Allows further use of new technology 
Improves process flexibility 
Improves process control 
Improves product Quality 

  

  

      
  

COMMENTS Financar Arceasar_ 
* x CAPITAL costs & Dieecr cost SAVINIGS PA. 

& 
eoBoT 18,000 Lasso em 13, ooo 
ADOLING 3,000 
COARDING 3,500 
CONVEYORS 3,090 
CONTEAS 4,009 

7 ,5°090 

Fresck > 24 ype: 
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TREBOR R&D a ee NSO " DATA SHEET 

  

  

1, Application No: O3O Date: Fea BS By (uD) Factory: MM 

2. Application Name: ‘DEIANM PAN) LOADINIG, 

3. Location: 2np fuwe@-Ppersonnel: ~ 

4, Description of Object: Aasmic Tear foe Loose PeopccT 

5. Dimensions: L 60©mm WU GOO mm H B&\ mm Weioht: [(OkKg 

6. Description of Task: Rex ve TAY Feom TEP SF eta 

GHeETY CONTENTS INTO LOADING HOOPER . Race OMTO 
SMmcX< Of EmpPTTES 

7. Occasional Veriations: STACK HEIGHT 

8. Inspection: (vel OF FeopocT IN Hoppe 

9, Load/Unload Time: ~s Positioning Accuracy:+ zZ mm 

10.Cperation Cycle Time: 205 Qverhead mounting possible? 2G 

11.How is Object Presented: STACK oni TeDoUcY 

——\—_ 
Removed: 

12.Machines to be interfaced to this operation: Hoppere_ 

13.No. of Operators this Operation: ! ze No. of Shifts: Z 

14.Nature of the Task (score 0,1,2,3) 

Rating Weioht Rx 
Accident risk 2 5 10 

Muscular strain: 3 3 aa 

Noise st 4 oF 

Dust, vapour ss 3 ree 

Temperature 3) se 

Monotony 13 4 IZ 

Eyestrain ae 3 = are 

Prot. Clothing :__ 1 ae 

Oil, grease =. 2 ar 

Coldroom Conds :__ 3 — 

TOTAL: SS 

15.Check location of columns, services, expansion joints etc. 

16.Space available for new equipment: yo 

17.Floor Layout Drawing No: NOT Atop 
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Appendix C 

Of the twenty-eight applications originally identified, nine were studied in detail 

and design proposals prepared. This appendix contains condensed notes on one of 

these, MM029 hopper loading, as an example of this work. The notes are in four 

parts: 

i) application data 

ii) appraisal notes 

iii) initial study-1983 

iv) subsequent study-1985 

The key points are annotated and cross-referenced to the main text. 
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TREBOR R&D ae 

1. Application No: O29 Date: 54 -¢ 

APPLICATION DATA 

2. Application Name: FeopmoctT Low 

3. Location: \st fLooe@ Personnel: L 

4. Description of Object: feomuct TRAY / Bm 

5. Dimensions: LEOS mm UW 4OO mm H Bi mm Weight :t/Okg 

6. Description of Task: Face ve TeAY FeOM Toe oF 

STACK. EMPTY CONTENTS INTO HOPRER. PLACE ONTO 

STAC CePEAT 

7. Occasional Variations: STACK WEIGHT 

« Inspection: 

9. Load/Unload Timer 3Os 

10.Operation Cycle Time: /& s 

11.How is Object Presented: Stacr 

it Removed: 

12.Machines to be interfaced to this operation: 

13.No. of Operators this Operation: 

14.Nature of the Task (score 0,1,2,3) 

Rating Weight 

Accident risk :Z2 

Muscular strain:S 

Noise sf 

we Dust, vapour 

Temperature {== 

Monotony 23 

Eyestrain go 

Prot. Clothing :__ 

Oil, grease : 

Coldroom Conds :__ 

Lever CE PeoDvc' 

Positioning 

Overhead 

ons 

  

WorePeR 

Z mm 

mounting possible? 

Ns 

Accuracy:+ 

TEOLey 

HoPPee /weinHes- 

1 No. of Shifts: / 

RxU 

ae 
ete 

4 re 
3 = 
3 — 

it ee 
3 —_— 

1 — 

2 — 

3 — 

TOTAL: 38 

  

15.Check location of columns, services, expansion joints etc. 

16.Space available for new equipment: Neev 

17.Floor Layout Drawing No: 

Limite 

\EF O23 A 
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IMMO29 

  

          

PROJECT PROFILE pee ee ROR IEE 

EVALUATION V.GO0D/GOOD /AVERAGE |PooR V.POOR FACTOR - 

; T SOCTAL . 
System benefits workers in terms 
Of health = 

Safety we 
unpleasant work eas neu skills —~—— 

FINANCTAL 
Low capital investment 
High net benefits 
High % rate .of return 
Revenue time profile 

TECHNICAL 
Probability of technical success 
Operational simplicity 
Little visual inspection required 
Proportion of process automated 
Remaining.life of existing plant 
Feu changes to existing process 
Floor area adequate 
Technology applicable to other areas 
Little one-off development 
Allows further use of new technology 
Improves process Flexibility 
Improves process control 
Improves product Quality           

COMMENTS Financia Aceeacal 

eer Gost SAVINGS Eotrsed Coers = z 
an pce. 

Leen! 6500 BoasT = SO,O00°2 = a Téoune, 3, OSD 
Convey OCS 2,002 
quaeping 3,000 
CNTeOLS 2,500 

K€ 6,500 

Bes Geanr™ 
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. Initial design using a Unimate 2000 
robot and splitting the stacks before 
emptying was rejected because of the 

excessive floorspace taken up and the 

during robot operation. 
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A second design was prepared using a 
T3-746 robot to give improved space 
efficiency. 
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This proposal, based on the T3-746, 
was subsequently rejected when other 
development work on the neighbouring 
enrobing line and a local weakness in 
the factory floor were revealed. 

Robot Application Proposal 

PROPOSAL No: 

PROCESS: 

LOCATION: 

DATE: 

COMPILED: 

1 

BON-BON JAR FILLING 

FIRST FLOOR, MAIDSTONE 

21st JULY 1983 

P. Kk. DRAYSON 

Trebor R&D 
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1.0 

1.1 

CONTENTS 

Application Description 

Current Method of Operation 

Proposed Robot Based Method 

Modifications to Existing Equipment Required 

Special Purpose Development Work Required 

3.0 Robots Suitable for this Operation 

Robot Recommended 

4.0 System Cost 

5.0 Benefits of Proposed Method 

Al 

A2 

A3 

AS 

A6 

Appendices 

Application Data Sheet 

Current Layout 

Operation Flow Chart 

Photographs 

Peripheral Equipment Drawings 

Proposed New Layout 

Robot Specification Data 
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1.0 Application Description 

This robot application proposal is concerned with the 

production of "Bon-Bon" sweets at Maidstone factory. 

The penultimate stage of the manufacturing process is 

the packing of the sweets into plastic jars each containing 

2.75Kg of product. The jar packing process is partially automated 

but the loading of product into the jar filling machine is still 

done by hand. This is a particularly strenuous and repetitive 

task requiring an operator to lift in excess of eight tonnes per 

shift. 
It is proposed that this manual work is carried out by a 

robot based handling system. 

1.1 Current Method of Operation 

Following the panning operation the Bon-Bons are loaded 

into plastic trays and stacked 23 high on trolleys (see Appendix 

A5). The trolleys are then pushed into the drier. 

After drying the trolleys are collected from the drier 

and lined up beside the jar filling machine ready for loading 

into the filling machine hopper. Hopper filling is carried out by 

one operator. Tne hopper filling cycle is summarised below: 

Operation No. Operation Frequency Time 
IPEESEAOR NOS WRSESE ACE eae ney ae 

1 walk to stack storage area 1/1 30s 
drag one trolley of full trays 
to within reach of hopper 

2 pick up top tray from stack 23/1 2s 

place at mouth of hopper 

2 tip product into hopper 23/1 ls 

4 place emptied tray to stack 23/1 2s 

of empty trays on trolley 

5 repeat elements 2-4 until 23/1 115s 
stack is emptied or until 
hopper is full 

6 push stack of empty trays to i. 30s 

Stack storage area 

Stacks of empty trays are taken through the drier back 
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2.1 Modifications Required to Existing Process 

1. Reposition hopper. 

2. Maximum stacking height discipline. 

2 2 Special ‘Purpose Development Work Required 

1, Interface system to hopper, shuttle mechanism and 

guard interlocks. 

2. Tray gripping tool. 

3. Trolley shuttle mechanism. 

3.0 Robots Suitable for this Operation 

Asea IRB-60 
Cincinnati-Milacron T3-746 
Unimate 2000 

3.1 Kobot Recommended 

Cincinnati-Milacron T3-746 

Reasons for recommendation; 

1. This robot is suitable for the majority of future 
applications 

2. Large vertical reach 

3. Interference free 3-roll wrist enables reduction in 

floor space needed. 

4. Electic drive machine. 

5. Sophisticated control system. 
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to the panning room. 

* Each tray contains 7.5Ky of product. 

* Total weight of full tray: 9ky. 

* Maximum production rate: 33Ky/min. 

* Tray loading rate: 4.54 trays/min. 

* Stack unloading cycle time: 5mins. 

2.0 Proposed Robot Based Method 

The robotic hopper filling system consists of two main 
parts (see Appendix A5); the industrial robot (1) and the trolley 
shuttle mechanism (2). 

The trolley shuttle mechanism transfers stacks of trays 
into and out of the unloading area. Stacks are loaded and un- 
loaded manually outside the reach of the robot. The robot picks 
trays off the stack once it is positioned inside, splitting the 

stack in half before destacking and emptying the sweets into the 
hopper. Splitting the stack enables the empty trays to be stacked 

back onto the same trolley. 

The system has the following features; 

* The robot does not operate whilst the operator is 
changing stacks. 

* Stacks of full trays may contain any number of trays on 
a trolley up to a maximum of 23 trays. 

* If at any time during the operation of the system any of 
the safety interlocks are violated the robot is halted. A keyed 
switch is operated at the main control panel to restart the 

System. Only one key is kept in the production area, held by the 
operator responsible for the system. 

* The tray yripping tool is a pneumatically actuated 
device which holds the tray at two points at each end. Proximity 
sensors in the gripper fingers ensure the tray is held before 

lifting. 
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4.0 System Cost 

No. ITEM PRICE 

1 Cincinnati-Milacron T3-746 Industrial 
Robot complete with Version 4 computer 
control system, electrical power and 

offline program storage system. £50,695 

2 Tray yripping tool. £725635 

3) Trolley shuttle mechanism. £ 1,500E 

4 Elecrical interfaces to peripheral 
equipment, shuttle mechanism and safety 

interlocks. £ 2,500 

5 Perimeter guarding, access gate and 

safety interlocks. £ 2,500 

TOTAL CAPITAL COST: £59,830 

I 
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5.0 Benefits of Proposed Method 

* suitable first robot application due to the low 

complexity of the task. 

* replaces strenuous and repetitive work 
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A number of alternative designs were 

prepared in order to overcome these 

problems. 

The project was abandoned — in 

September 1985 due to uncertainty 

over plans for the enrobing line. 
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SUBSEQUENT STUDY-1985 

ROBOTICS PROJECT MEETING No. 2 

Held on Monday 28th January 1985 

The hopper loading application was 

reconsidered during the factory 

surveys carried out in January 1985. 
It was subsequently decided as the 

most suitable application for a robot 

system at MM at that time. (see 

1. Results of further study? extract from minutes 28.1.85 below). 

PRD summarised the results of further study of the six projects 

previously shortlisted (Min. 3. 22.1.85). 

  

(i) Packing of Jensen products is better suited to dedicated special 

purpose machinery due to the high speed requirement. 

(ii) The jar capping application on Bon Bons is feasible, but should 

be shelved pending thorough use of the system at XX. 

(iii) The loading of trayed Softmint product into the Driam pans, and 

combined Softmint/fruit/Spearmint carton palletising are of 

doubtful feasibility due to uncertainty over the form of the 

manufacturing process in the future. 

A robot palletis ing cell for three products would require 

approximately 25 m of floor space. 

(iv) Palletising of Jensen products would require substantial changes 

to the layout and material flow in that area. Otherwise this 

project is technically and financially very attractive. 

(v) The loading of trayed Bon Bons product into the hopper of the 

jar filling machine is well suited to a robotic solution. 

2. Evaluation : 

It was agreed that the Bon Bon hopper filling project is the best 

application at the present time due to the = 

. moderate technical complexity 
= cost saving 
. elimination of unpleasant work. 

The design of the system should allow for robot jar capping at a 

future date. 

The palletising of Jensen products was agreed as an attractive project 

in the longer term, pending a re-appraisal of the ground floor area 

and successful installation of the less complicated hopper filling 

project. 

3. PMM meeting : 

It was agreed that PRD prepare a detailed proposal for the hopper 

tilling project. This proposal to be agreed with MM team prior to 

submission at PMM. 

PRD/ 

30.1.85 

Distribution : MM team, PRD. 262



MAIDSTONE ROBOT APPLICATION 

PROJECT OBJECTIVE : 

To automate the loading of trayed Bon Bon product into the jar 
filling machine. 

METHOD 

Use of-a gantry type 5-axis industrial robot suspended from a ceiling 
support beam interfaced with a stack handling mechanism and dust 
collection unit. 

ROBOT TASK 

i) Accept stack of full trays into robot cell. 

ii) Pick up full tray from stack. 

iii) Tap off excess sugar coating. 

iv) Tip Bon Bons into hopper. 

v) (Clean tray) - feasibility not established. 

vi) Place enpty tray onto stack. 

vii) Repeat 23 times for each stack. 

viii) Eject stack of empty trays from robot cell. 

REQUIREMENTS 

i) Cost : £35 ,000 (budget price minus § grant.) 

ii) Joint MM/R & D/Supplier project team. 

iii) Modifications to general filling area. 

iv) Development of dust collector/tray cleaning unit. 

BENEFITS 

i) Replaces a simply awful job. The operator loads approx. 20 tonnes 
of product per day. 

ii) Direct cost saving of £7,500 p.a. 

iii) Improves quality of product. 

iv) Project of moderate complexity, suitable for introducing robot 
technology onto MM site. 
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AUTOMATIC PRODUCT LOADING SYSTEM 

SPECIFICATION 

GENERAL REQUIREMENTS 

1.1 Purpose 

1.2 Features 

EXTENT OF SUPPLY 

STANDARDS 

TECHNICAL REQUIREMENTS 

4.1 Performance 

4.2 Operating Environment 

ACCEPTANCE TRIALS 

MANAGEMENT 

WARRANTY 

A specification for the project was 
agreed, proposals tendered by two 
Companies for turnkey systems and 
finance approved by the PMM. 

A joint MM/R & D project team was 
set up to manage the project. 

At the first project group meeting it 
emerged that there was other 
development work planned on the Bon- 
Bon production line which would lead 
to a 100% increase in jar filling speed. 

Work was carried out in conjunction 
with the system suppliers to try and 
meet the change in specification. 
It was not found possible to design a 
system to meet the new specification 
within the budget agreed and so the 
Project was abandoned in April 1985. 
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1.1 

GENERAL REQUIREMENTS 

Purpose 

The purpose of the proposed system is to automatically 
load trayed Bon Bon sweets into a jar filling machine 
hopper. 

Features 

The following features of the system are mandatory : 

1.2.1 Unloading of at least three stacks at a time 
without operator intervention. 

1.2.2 Pick up of individual trays from stack and 
unloading of sweet contents into existing hopper. 

1.2.3 Re-stacking of empty trays onto trolley. 

1.2.4 Ejection of at least three empty stacks at a time 
without operator intervention. 

The following features are desirable but not essential 
and should be costed separately: 

1.2.5 Removal of excess sugar dust from empty tray. 

1.2.6 Collection of dust removed for reclamation. 

1.2.7 System capacity of more than three stacks without 
operator intervention. 

1.2.8 Facility to reject stack(s) from system without 
emptying product into hopper upon external input. 

EXTENT OF SUPPLY 

The Supplier shall : 

a) 

b) 

c) 

a) 

Survey and review proposed application area. 

Carry out the design and development work necessary for 
the requirements described. 

Manufacture and integrate system elements necessary. 

Conduct pre-delivery trials of the completed system at 
their premises. 
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cont. 

e) Deliver to Maidstone site all system elements. 

f) Install and commission system to specification described. 
Carry out acceptance trials to the satisfaction of 
Trebor U.K. Limited. 

9) Provide training for two persons on system operation. 

h) Carry out all project management involved in the above, 
including the submission of an outline programme with 
the tender and a detailed programme following receipt of 
order. 

STANDARDS 

The system shall satisfy the requirements of : 

a) MITA Code of Practice on the Guarding of Industrial 
Robots. 

b) Health and Safety at Work et. Act 1974. 

c) IEE Electrical Regulations. 

d) Enviromental protection to IP55. 

In addition all surfaces to be in contact with food product to 
be manufactured in stainless steel. All surface finishes to be 
epoxy based. 

TECHNICAL REQUIREMENTS 

4.1 Performance 

The line production rate is 27 kg/min. Each tray contains 
between 7.5 - 9 kg. This corresponds to a cycle time, at 

85 % availability of 14.5 secs per tray. 

4.2 Operating Environment 

System to be resistant to weekly washing. 

Electrical cabinets to be raised at least 50 mm above 
floor and to IP55 standard. 
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ACCEPTANCE TRIALS 

Prior to despatch to our works, system acceptance trials to be 

carried out at supplier's premises to described standard of 

manufacture and performance specification. 

MANAGEMENT 

Mr. P. R. Drayson will be responsible for the design, contractual 

matters and acceptance on behalf of Trebor U.K. Limited. 

The supplier will nominate a member of staff responsible for 

controlling all aspects of the project and liaison with Mr. Drayson. 

WARRANTY 

The proposed system to be guaranteed for a period to 12 months 

from delivery on both parts and labour. 
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Appendix D 

This appendix contains condensed notes on the jar-capping system which was 

developed between January and September 1984. The notes are in five parts: 

i) application data 

ii) appraisal notes 

iii) project proposal 

iv) system description 

v) project audit 
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TREBOR R&D ee " DATA 

  

  

1. Application No: OO Date: Avg, AEE LASATIEN DATE 

2. Application Name: JAS CAPANCG 

3. Location: ost 1 Personnel: 

4. Description of Object: PVC JAe & CAR 

5. Dimensions: \BIOmm Wl-—im_ +H ~—TH—SsWeiaht: <] ko 

6. Description of Task: Rex oP cap, PLACE ONTO JAR — Toen! 

To SEAL. 

7. Occasional Variations: BapLty mourmEeD c4O 

8. Inspection: CAP RQLAUTY 

9, Load/Unload Time: ~ s Positioning Accuracy:+ 1mm 

10.Cperation Cycle Time: (Ss Overhead mounting possible? Y 

17,How is Object Presented: Ranpomur In Box 

Removed: ON! CONVEYOR_ 

12,Machines to be interfaced to this operation: Ae FLUNG 

13.No. of Operators this Operation: fe No. of Shifts: ee 

14,Nature of the Task (score 0,1,2,3) 

  Rating Weioht  Rxu 
Accident risk :__ 5 ee 

Musculer strain: S 3 com 

Noise 73 4 tc. 

Dust, vapour —— 3 << 

Temperature : 3 ietne. 

Monotony tS) 4 127 

Eyestrain eae 3 —— 

Prot. Clothing :__ 1 = 

oil, grease 5 2 sears 

Coldroom Conds :__ 5 arate 

TOTAL: 3S 

  

15.Check location of columns, services, expansion joints etcey 

16.Space available for neu equipment: Goold 

17.Floor Layout Drawing No: couse /p 
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Feet erence 

APPRAISAL NOTES 

APPLICATION Names SS CAPI 

bey FOTOCE SNES SaTiogActOeY 7 JS 

LeveL OF OUTPUT VoLUME ceop 7? A 

Lee OF PROCESS PLANT 2 Sees? Vv 

WcoumcaL GmenuTy + 7 (sesee o-8) 

Financial BeneritT + 6 

Sousa BeneriT : 6 

19 

Aniy Ome SiUnieicantT Factor 

Common, APPUCATION “TS ALL “MREE TACIORIES 

Comment 

Veer Sines Fest APPLICATION - COOD PeoRABILITY OF 

SOCCESS 

lavoor NoT CEeTAI 

feo MM TO KK 
N ONTIL Jae Peop™ Is TEANSFEERETD 

in SPAING ‘B+ 

oni CACLY Cot CaAeIBI: TEIALS 

Av Geeor eeuees WOek=- 
pers 
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PROJECT PROFILE 

XXOO 7 
  

          

  

  
  

EVALUATION V.GO0D/GOOD|AVERAGE | POOR|v.PooR FACTOR 

T SOCTAL 
System benefits workers in terms 
of: health Sst 

Safety 
unpleasant work 
neu skills 

FINANCIAL 

Louw capitel investment 
High net benefits 
High % rate.of return 
Revenue time profile 

TECHNICAL 
Probability of technical success 
Operational simplicity 
Little visual inspection required 
Proportion of Process automated 
Remaining.life of existing plant 
Few changes to existing process 
Floor area adequate 
Technology applicable to other areas 
Little one-off development 
Allows further use of neu technology 
Improves process flexibility 
Improves process control 
Improves product Quality 

  

    

  

  

    

  
      

  

COMMENTS 
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PROJECT PROPOSAL 

Robot Application Proposal 

PRCPOSSL No. 4 

PROCESS: £.S.M. JAR PACKING 

LOCATION: PRODUCTION 1 XX 

DATE: QCTOBER 1983 

Trebor R&D 

- 24a



Application Description 

Colchester is the most modern Trebor factory. Built Vine 196), ste 

utilises microprocessor controlled continuous process plant in the 

manufacture of three high volume lines; "Trebor Mints", "Kefreshers" 

and "Extra Strong Mints". 

"Extra Strong Mints" (ESM) produced at Colchester are packed in one of 

three ways; rolls, bays and jars. Jar ESM production is a low volume 

line. As such, conventional packaging machinery is used which is 

labour intensive. 

The third operation in the jar packing process is the capping of the 

2.25 ky plastic jar by hand, which causes a significant quality 

problem. The capping operation is repetitive and tedious. As a 

result the operator does not produce correctly closed jars 

consistently which leads to product damage during distribution. Also, 

a cap which is not fitted correctly can be removed and replaced 

without breaking the seal, permitting any violation of the product to 

go undetected. Product violation is becoming a very serious problem 

for the food industry generally. 

Conventional capping machines are not suitable for this process as 

they would require modifications to the jar and cap manufacture at 

prohibitive cost. 
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Present Method of Operation 

The existing jar packing process at Colchester is shown below. 

PRODUCT WEIGHER 

O by e@ @ 

jar filling 
           

  

  

      

  

  

  
  

& CAPS ; 
capping B 

E 
' ie 

O 
© 2) 

EMPTY 

JARS 

CASES OF 
JARS           
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3.1 Proposed Method 

To cap the jars using a DAINICHI-SYKES DAKOS PT3U0H robot operating within 

a work cell. (see drawing RD 616 enclosed). 

The work cell consists of: 

- robot 

- cap feeding unit 

7 cap orientation device 

- jar location unit 

= jar conveyor 

The PT300H robot was chosen for this project for the following reasons: 

a) Configuration, operational capabilities and construction of 
the robot arm. 

b) Expertise and resources of Dainichi Sykes. 

c) Price 

d) Control system 
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ROBOT CYCLE: 

START 

4 
  

  

  

  

  

  

  

  

  

  

  

  

        
  

    
  

oe GO apc EhED POSITION 

| 
OP20 PICK UP CAP se 

| 
OP30 GO TO JAR LOCATION POSITION 

ee WAIT FOR JAR 

OP50 PUSH CAP ONTO JAR 

OP60 ROTATE CAP TO oor ea 

OP70 RELEASE CAP : 
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CAPITAL/PROJECT 

    

PROJECT TITLE: ROBOTIC JAR CAPPING     
  

PROJECT WN R&D 2/84 

DESCRIPTION: AUTOMATED WORK-CELL FOR CAPPING E.S.M. JARS, COMPRISING 

AN INDUSTRIAL ROBOT AND ASSOCIATED TOOLING, CONVEYOR AND 2 

FEEDING DEVICES. i 

ANTICIPATED LIFE: 10 yrs. 

  

ESTIMATED COST: 

  

  

Outside Purchases: £39,513 Minus Grant £29,754 

j Contract Labour NONE (Note 1 over) 

TS Labour £75157. TOTA 

cost £46 ,670 

JUSTIFICATION: Anticipated] 

savings 

(Calculations and additional information £ Dea. 

may be shown over, or attached). 

Plant additions Improved customer service 

Reduced material Improved quality (evaluate) 

Reduced labour Improved employee facilitics 

Reduced fuel 
Reduced maintenance Greater safety | 

Space savings 
i 

Other overheads (specify) 
Increased output 

a) Resolves jar/cap sealing problem - improving product quality and reducing 

damage during distribution. 
b) Eliminates manual capping task - labour saving : £9,204 and replaces 

unpleasant repetitive work (Note 2). 

c) Demonstrates the use of a robot in production and the potential for further 

use of robot technology within the company. 

d) Allows development of in-house experience in robot systems engineering.   
  

  

  
  

  

  

  

    

              

Pay back equivalent to 1.8 years : 

i 

{Savings to be audited in 5 years. | 

| i 

r ra 
; ret | sue [ nue | | 

| 
Initials \ | 

somal ! 
i : i “4 1 

Date 
* 

eee 
280  



Robotic Jar Capping System R & D 2/84 

ESTIMATED COSTS BREAKDOWN 

Outside purchases 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

PT300H robot & controller modified to IP55 standard 

3m conveyor 

Bowl feeder 

Cap supply hopper & elevator 

Cell safeguarding 

Robot tooling manufacture 

Jar locating fixtures manufacture 

Bowl outfeed manufacture 

Control system interfaces 

Robot & feeder, plinth manufacture 

Sub total outside purchases 

Trebor Labour 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

PRD 

System design 

Jar locating fixtures design 

Bowl outfeed design 

Programmes 

Control system design 

Robot tooling design 

Robot & feeder, plinth design 

Training XX personnel 

System assembly 

Sub total labour cost 

TOTAL COST 

20.2.8 281 

£ 000.00 

22,013 

2,500 

2,500 

3,500 

3,000 

2,500 

1,500 

300 

1,000 
7.00 

39,513 

1,000 

500 

100 

600 

600 

1,100 

300 

500 

2,457 
75157 

46,670 
 



1.DESIGN & SPECIFICATION 

1.1. overall system method & layout 

1.2. cap feeder 

1.3. cap orientation 

1.4. jar location 

1.5. process modifications xx 

1.6. safeguarding 

1.7. end of arm tooling 

DESIGN FROZEN SPECIFICATIONS AGREED 

2. DEVELOPMENT 

2.1. test robot 

2.2. cap feeding and orientation 

2.3. jar location 

2.4. xx process modification 

2.5. safequarding 

2.6. end of arm tooling 

INDIVIDUAL UNITS OPERATIONAL 

3. CONSTRUCTION & TEST 

3.1. system wiring 

3.2. programming 

3.3. debug and test 

3.4. operator/technician training 

SYSTEM OPERATION AT R & D 

4, INSTALLATION 

4.1. prepare production area 

4.2. dismantle & transport to site 
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4.3. construct on site 

5.COMMISSIONING 

5.1. Commission 

6. RUN-UP 

6.1, training 

6.2. operation 

7. AUDIT 

7.1. review project 

7.2. feed back results 

SYSTEM INSTALLED AND RUNNING AT XX 

SYSTEM TAKEN OVER BY PRODUCTION 

283 

SYSTEM RUNNING TO SPECIFICATION 

PROJECT COMPLETE
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3. 

3.1 

3.2 

3.3. 

3.4 

4.4. 

4.5 

4.6 

4.7 

JAR CAPPING ROBOT CELL 

PROJECT SPECIFICATION (THIRD DRAFT) 

Ref-drawing No. RD628 

-safeguarding specification 

8.12.83 

AIM OF PROJECT 

To cap tilled jars of ESM automatically. 

PRINCIPLE OF OPERATION 

Filled jars are transported by conveyor (1) from the weighing unit into the 

capping cell. An electric drive industrial robot (2) picks a cap from the 
feeding device (3) and fits it onto the jar held by the location unit (4). 
The jars pass out of the cell by conveyor to the labelling and packing 
area. 

LIMITS OF PROJECT 

The capping cell will be supplied as a unit to include robot, cap feeding 

unit, guarding, jar location unit and jar conveyors within the work cell. 

Limits of conveyor to be agreed. 

The project includes the design, development, construction and programming 

of the cell, its installation and commissioning, and operator and 

maintenance technician training. 

Following commisioning of the cell and successful completion of all trials, 

responsibility for the system will be taken over by XX factory. Target 

date for handover and commissioning period to be agreed. 

All systems and procedures to be thoroughly documented. 

DESIGN PARAMETERS 

Maximum line production rate;8 jars per minute. 

Floor area, process layout and location to be agreed. 

Equipment other than robot arm to be protected to IP55 standard. kobot arm 
specification to be agreed. 

Safety system as per specification 8.12.83 ref drawing No.RD628. 

Noise limit of 85 db. 

Cap specification as per Johnson & Jorgensen drawing No.B18500. 

Jar specification to be agreed with production division. 
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CELL OPERATION-NORMAL RUNNING 

5.1 Jars transported up to and from cell conveyor in-line, parallel to 

direction of travel. 

5.2 Caps loaded into bowl feeder by hand. 

5.3 Jar is correctly capped when tear strip surface is fully pressed down on 

sealing ring and threads are engaged. 

6. CELL OPEKATION-FAULT CONDITIONS 

6-1 Detection of the following fault conditions is included in the project 

specification: 

FAULT ACTION 

6.1.1 Power failure,electric or pneumatic Operator signal 

6.1.2. Safety interlock tripped System stop,operator signal 

601.3. Emergency stop - " - 

6.1.4. Low on caps Operator signal 

6.1.5. Conveyor stops Robot waits 

61.6. Backlog of jars into cell 

from take off side aes 

6ele7e Jar not in correct orientation on Passes through cell 

conveyor or over filled. uncapped. 

6.2 Detection of the following fault conditions is NOT included in the project 

specification: 

6.2.1. Jars filled over or under weight. 

6-202. Jars not manufactured to spcification. 

6.2.3. Caps not manufactured to specification. 

7. MANUAL OPERATION DURING CELL SHUTDOWN 

Manual capping of the jars during cell failure or maintenance will be done 

outside the robot cell area.Provision for this to be made in ESM jar process 

layout. 

PRD 
8.12.83 

cece AC. AG. BG. GG. JLe GR 
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ROBOT JAK CAPPING CELL 

SAFEGUARDING SPECIFICATION 

i. The cell to be surrounded by a fixed guard barrier to a height of 2m. 

2. Access to the cell to be via a gate interlocked to robot auto-cycle 

mode. 

3. Robot working area to be marked on the floor by hatched yellow lines. 

4. Warning signs on gate and guarding station "unauthorised access is not 

permitted". 

5. Emergency stop switches provided at robot control, inside and outside 

of guard barrier. 

6. Robot cell to be considered as a "permit to work area". 

7. Guarding to be not less than Im from any danger area. 

PROCEDURES FOR ENTRY 

A) General access 

1. Operate power isolator. 

2. Fit prsonal danger tag to power isolator and lock off. 

3. Open interlocked gate. Lock open. 

4. On completion, return to original condition and remove danger 

tage 

B). Emergency access. 

1. Operate emergency stop power isolator. 

2. Open interlocked gate. 

C) Fault diagnosis, maintenance and programming. 

1. Select reduced speed or programming mode. 

2. As 1-4 in "general access’. 

PRD. 
8.12.83 

287



kKobot Jar Capping Project 

ROBOT END-OF-AKM-TOUL SPECIFICATION 

1.0 General 

Design should minimise size, weight, workpiece damage and 

cost whilst maintaining reliability and rigidity. 

2.U Task 

i) grasp cap at vibratory bowl outfeed. 
ii) orientate cap/jar thread. 

iii) place cap onto jar, locate against sealing ring (Mi jar) 

iv) turn to seal. 
v) release. 

3.0 Design Parameters 

3.1 Weight of tool less than 3Kg. 

3.2 Operating times: 
grasp cap less than ls 

orientate - = 36 
place/locate 
seal eB 
release 

3.3 Jar neck must be supported during capping to prevent 

distortion. 

3.4 Tool must operate on both jar types MN & CC. 

3.5 Tool mounting as per PT3U0H spec. 

3.6 Cap outfeed from vibratory bowl: located at end of gravity 

feed shute, open side down. 

3.7 All components to food quality standard, protected to IP5>. 

3.8 Robot control computer I/0 allocated to EOAT, 24V rating: 

3 outputs, 2 inputs. 

3.9 Services available- Air supply 8 bar. 

110V A.C. 
24V D.C. 

PRD 31.1.84 

1. 
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SYSTEM DESCRIPTION 

eer a ee These notes are taken from the robot 
cell maintenance manual. 

A GUIDED TOUR 

The robot cell is the second station of the ESM jar 
line. Jars of mints are carried by conveyor from 
the weigher into the robot cell. 

The robot and other equipment are surrounded by 
safety guarding - see drawing 1. 
The guarding has doors on each side for access. 
These are safety interlocked to the robot, causing 
an automatic emergency stop when opened. 

  
The cell is operated by means of the orange control 
cabinet. 

When you open the cell access doors you will find 
(see drawing 2). 

® 
® = the vibratory bowl feeder 

the robot   

(©)
   

= the cap hopper elevator 

© = the jar gates i 

 



 
 

 
 

 
 

 
 

 
 

  
    

    
  

  
 
 

 



 
 

 
 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

    
  

    
  

  
 
 

 
 

 
 

  
  

 
 

 
 

 
 

  
  

  
  

  
  

 
 

 
 

 
 

 
 

  
 
 

 
   

  
  
 
 

 
 

 
 

   
 

  
 



  

  

            

  

  

  i ' 
i ' 

1 

HOW THE CELL WORKS 

Two or three boxes of caps are loaded into the 
hopper. 

Caps are automatically fed to the vibratory bowl 
feeder which sorts them out and turns them the 
right way up ready for the robot. 

The robot picks up one cap at a time from the bowl 
outfeed and turns it the right way round to align 
the screw threads. 

When a jar is carried into the cell on the 
conveyor, the jar yates hold it still. Sensors 
beside the conveyor detect the position of the jar 
and signal the robot to push the cap on. After 
twisting the cap, the jar is let go and passes out 
of the cell. 

The cycle then starts again 
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‘Mechanical (RD 706) 

The robot cell consists of a number of principle 

mechanical devices controlled by the robot 

controller (1) via the controls interface (2). 

The principle mechanical parts are: 

mM,
 

PT 300H. robot arm (3) - refer to section: 
U Kobot yripper assembly — Mie 

Jar Location fixtures(4) 

Cap elevator (5)’ : - “Ne : 

Vibratory bowl feeder() - eos. 

Cap location assembly(7) 

G
N
 7
 

Safety cell (8) = om 

293     
   



  

  
 
 

 
 

  
  

 
 

  
1. 

"SNOLSGIVW 
“
q
i
 

yOosgauL 
 
 

= 
ma 

NDI 
Syiaa 

e > 
vom 

| 
emer 

| FET RENES: 
  

  
  

  
 
 

 
 
 
 

 
 

 
 

  
 
   

294 

  
 
 

   
 

  
   
   

 
 

 



  

  

            

  

  

Electrical (RD 665D) 

The jar capping cell is controlled by the F2UUD 

robot controller situated outside the guarded area, 
apart from the conveyor, cap elevator and bowl 

feeder which are operated by the central jar line 

controller. 

The robot arm and yripper are controlled directly 

via CpU2 board to carry out the pre-recorded 
programme held in RAM backed up on data cassette. 

The other external mechanical devices are 
controlled via the 1/0 board and the controls 
interface. All sensor feedback is also fed to the 
controller via the interface and 1/0. 

The principle electrical parts are: 

F2U0D robot controller - refer to section: F 

Controls interface C7 ESS ra 

PT3U0H robot arm - -"- ses 

Cap sensors = omnia a Ree 

Jar location = eke ce 

Safety cell 25 -"e- 3 Cc 
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PROJECT AUDIT 
The project was audited in April 1985 by 
external accountants. For the purposes of 
the grant application development costs 
included indirect overheads not normally 
allocated to individual projects. 

Analysis of expenditure on Stage A robotic jar capping cell during the 
period 13 February 1984 to 1 April 1985. 

DEVELOPMENT COSTS - COLCHESTER FACTORY 

Line Operators 60 on day shift Labour rate (note a) £3.55 / hr. 
34 on evening shift 

£ 

Presentations Dec '83 2 hrs 60 operators 426 
Work Group Meetings 1 hr 94 opr. 333 
Commissioning 8 hrs 3 opr. 85 
Training 1 hr 94 opr. 333 

1177 

Factory Engineers Labour rate (note B) £16.10 / hr. 

Commissioning 30 hrs 2 engrs. 
_ Training 24 hrs 6 engrs. 2318 

3284 

Line Manager Labour rate (note B) £16.10 / hr. 

System deve lopment 35 hrs 563 

DEVELOPMENT COSTS - MAIDSTONE R & D Dept. 

Development Engineers Labour rate (note B) £16.10 / hr. 

System engineering, 
installation and training 2207 hrs 35,532 

Development Fitter Labour rate (note c) £4.43 / hr. 

System construction 807 hrs : 35575 
Training course 225 

3,800 
  

  

TOTAL DEVELOPMENT COSTS 44,356 

297  



Daros PT300H robot 

Modifications to robot 

Cap feeding unit 

Jar conveyor 

Cell guarding 

Cap supply hopper 

Tooling : gripper 

fixtures 

cap orientation 
  

17,900 

4,950 

1,670 

1,590 

3,700 

1,700 

1,637 

1,087 

1,737 

35,971 
  

TOTAL COST, CAPITAL AND DEVELOPMENT 

Grant of 4rd total cost 
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Notes 

a) 

b) 

c) 

Colchester factory direct labour overhead is £3.55 per hour 
of which £2.79 is basic pay. 

Development Engineers etc. are not normally costed at an 
hourly rate. R&D overheads over the year, allocated by 

number of staff gives an overhead rate of £16.10 per hour 
per person. This rate has been used as the basis for 
costing all engineering and management time involved in the 
project. 

Hourly rate for the Development Fitter has been derived from 
basic net hourly pay plus 15% uplift for pension and 
insurance and £1.5 k p.a. uplift for general overheads. 

Net hourly : £3.169 / hr 

+ 15% eA bs/ he 

+ £1.5 k pa : -78p / hr 

Total £4.43 / hr. 

299 

  

 



 



Appendix E 

This appendix contains a diary of the robotics project which summarises the key 

points relevant to each stage in the implementation process. 

Data from the diary is analysed in chapter four. 

The method followed in the Trebor project (figure E.1) comprised fifteen main 

stages. Data relevant to each of these stages is summarised in abbreviated form 

on one page in the diary under the headings of: work carried out, milestone events, 

project environment and researcher's personal view. The first two headings are 

used to describe the more objective issues: what was done and the decisions taken. 

The latter two are used to report upon the less-objective influences. 

The diary provided a means by which an overall view of the complete 

implementation process could be gained and allowed the interaction between the 

various parallel dimensions of the problem to be studied. This led to the 

identification of four sub-processes of robot adoption: engineering, technology 

transfer, learning and entrepreneurial processes. 

Points relevant to each sub-process are highlighted in the diary by means of 

suffixes thus: 

E - engineering process 

T - technology transfer process 

L - learning process 

N - entrepreneurial process 
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PROJECT LAUNCH 

MANUFACTURING AUDIT 

FACTORY SURVEYS 
(18 robot applications identified— see Appendix A ) 

APPLICATIONS APPRAISAL 
(shortlist of 4 selected— see Appendix B ) 

PREPARATION OF PROPOSALS 
(see Appendix C ) 

JAR CAPPING FEASIBILITY STUDY 

D.T.1, GRANT APPLICATION 

JAR—CAPPING SYSTEM DEVELOPMENT 
(see Appendix 0) 

INSTALLATION & COMMISIONING 

a 

PRODUCTION OPERATION SECOND ROBOT PROPOSAL 
OF JAR—CAPPING SYSTEM 

APPLICATION RE~SURVEY 
(10 more applications identified— see Appendix A ) 

PROJECT SHORTLIST 
(3 projects selected— see Appendix B ) 

SECOND ROBOT SYSTEM 
(see Appendix C ) 

  

REVIEW PROJECT OVERALL 

Figure E.1 The Trebor Robot Project; Outline Method 
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1. PROJECT LAUNCH: September 1982 

Work Carried Out: 

Established joint IHD - Trebor team. 

Set project objectives, emphasising implementation of existing technology rather 

than special-purpose development”. Planned project in outline EB 

Milestone Events: 

Development Engineer/IHD student joined Trebor’. 

Departure from Company of Technical Director’. 

Setting of project obectives. 

Project Environment: 

In Technical: Reorganisation and uncertainty after loss of Technical 

Director 

- loss of confidence. 

In Production: Relief at removal of restrictions imposed by Technical 

Director 

- anti R & D back-lash. 

Recent introduction of microprocessor technology to 

process control. 

Researcher's Personal View: 

Concerned over loss of influence caused by departure of main project sponsor, 

uncertainty over work ahead. 

Great interest and commitment to the project. 

Aware of being a 'new-boy' and of the undercurrents between Technical and 

Production but could not put them into context. 
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2. MANUF ACTURING AUDIT: October - November 1982 

Work Carried Out: 

Three day visit to each of the three Trebor factories to gain a familiarisation with 

the technologies, policies and procedures used=+, Contacted robot suppliers, ' 

carried out desk survey of current state-of-the-art in industrial robot systems™. 

Reviewed literature on robot applications-engineering, food industry, packaging™. 

Milestone Events: 

Defined the problems to be solved and previous work in the field. 

Established contacts within robotics community". 

Project Environment: 

In Production: Some uneasiness over this "whizz kid poking his nose about". 

Disbelief that robots were at all relevant to Trebor's problems". 

Researcher's Personal View: 

Surprised at the contrast between the new Colchester factory and the Chesterfield 

and Maidstone factories which had a much lower level of manufacturing technology 

and quite dated process plant. Aware of some hostility from Production people, 

feeling of isolation and the need to establish my credibility and get established. 

Wanted to shake loose of any close supervision and gain autonomy for running the 

project. The difference between Trebor and my previous company was a strong 

cultural shock, Trebor seemed to be more open, less urgent and less ‘aggressive’. 

Was impressed by Trebor's philosophy that "people matter". 
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3. FACTORY SURVEYS: January - February 1983. 

Work Carried Out: 

Study of each manufacturing process to identify feasible applications for industrial 

robots. Establish current problem areas/needs™. 

Collection of data on potential projects”. 

Preparation of report summarising resultecs 

Milestone Events: 

Presentation of results at production management meeting cS commitment to 

implementation of first application. Agreed method for selecting best application. 

Project Environment: 

Increasing interest and commitment to the idea of using robots’. 

Emphasis on proving the technology - economics and innovation secondary. Must be 

totally reliable and be seen to be effective - Company had lost some confidence in 

its ability to innovate successfully after previous projects. Status of Technical had 

been reduced, no longer able to push through projects - no cohesion to follow a 

technical policy. 

Researcher's Personal View: 

Believed that progress was being made, that resistance was reducing slowly; 

enthusiastic at the wide potential for robots identified - getting high level backing 

for the project. Realised Production Director was not very committed to project. 

Growing understanding of Trebor culture. More comfortable with the lower level of 

supervision which gave increased motivation. 
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4. APPLICATIONS APPRAISAL: April - June 1983. 

Work Carried out: 

Review of appraisal techniques”. 

Meetings with each factory management team to discuss the applications identified 

and to agree a ranking of preferred projects. 

Milestone Events: 

Agreed shortlist of three projects to be further studied. 

Project Environment: 

Greater resistance to proposals at factory management meetings - doubt whether 

technology would work - be reliable, strong objections were raised. Questioned the 

need for someone to be working on robots full time. 

There was little commitment to overcoming problems associated with the 

applications proposed. 

Researcher's Personal View: 

Growing awareness of the significant obstacles to projects, and the importance of 

non-technical issues. Project slowing down, coming up against resistance and don't 

clearly understand why. 
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5. PREPARATION OF PROPOSALS: August - September 1983 

Work Carried Out: 

Agreed specifications for shortlisted projects”. 

Designed solutions to the shortlist of three projects. Worked closely with robot 

system suppliers, particularly Asea, Dainichi, Cincinnati - who were very 

committed at this time’. 

Costed designs and prepared proposals. 

Repeated redesign/re-costing after specification changes/objections’Y, 

Negotiation over project proposals and design changes. 

Milestone Events: 

None 

Project Environment: 

Accepted idea - but doubted effectiveness. Factory management teams not 

impressed by proposals, objections were raised and specifications changed which 

required redesigns. 

Researcher's Personal View: 

Felt project was slowing down, need to 'harden-up' approach; looking for ways to 

convince and persuade. Objections to proposals appeared to be delaying tactics; 

growing frustration at being given the run-around. 

University team put situation into context - recharged batteries and suggested new 

ways to get over problems - pointed out the legitimacy of Production's point of 

view. 
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6. JAR CAPPING FEASIBILITY STUDY: September 1983 

Work Carried Out: 

Liaison with Dainichi-Sykes on feasibility trials ay 

Preparation of project specification, jointly with XX* project team, 

Demonstration of system at Dainichi. 

Milestone Events: 

Oct '83 high point of XX commitment, first realisation of the jar cap/neck 

problem. 

Project Environment: 

Demonstration improved XX Engineer's commitment. 

Factory managers needed to know that the Production Director was in agreement 

and committed. 

Robot company wanted contact wth higher level people or wouldn't do any more 

work. 

Factory Development Engineering Manager very enthusiastic. Production Director 

just not interested. 

Researcher's Personal View: 

Lack of commitment to the project from top management. Strong need to get a 

decision on the first application as time was pressing. Seemed that little progress 

had been made during the Summer - "pushing water uphill". 

se XX - Colchester factory 

CC - Chesterfield factory 

MM - Maidstone factory 
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7. D.T.1. GRANT APPLICATION: October - February 1983/84 

Work Carried Out: 

Attended seminar - emphasis on ease of obtaining government grant’. Outline 

design of system’. Preparation of grant application. 

Negotiation with D.T.I. representative. Collaborated on undergraduate design 

project to design robot gripper’. 

Presentation to Production 2 workforce at Colchester™. 

Robot company helped in preparing D.T.I. application and chasing it up’. 

University gave good input to DTI application. 

Milestone Events: 

Decided to implement jar capping project. 

Established project team - decision to do project in-house. 

Receipt of grant offer. 

Project Environment: 

XX factory management committed to project, although not to it being done by 

Technical, preferred using an outside supplier. 

Technical people not sure capping project was much of a step forward. 

D.T.I. thought Trebor wasn't doing enough - "v.conservative management." 

Researcher's Personal View: 

Very protective of the project - very wary of other engineers getting in on the act 

and taking over. Felt I was selling company to the Government - persuade them to 

go ahead. Needed a Technical Director at this stage to provide credibility for the 

project both inside and outside the company, but greatly appreciated the 

experience that the lack of one gave me. Boosted by the decision to go ahead - 

very positive and enthusiastic. 
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8. DEVELOP JAR CAPPING SYSTEM: March - September 1984 

Work Carried Out: 

Investigation of problem=. 

Development of trial solutions”. 

Meetings with Colchester workgroups’. 

Construction of system in the labE. 

Testing and pre-installation commlgsioninge: 

Milestone Events: 

Dropping of automatic jar filling project from jar-line and cut back on project 

budget. 

Project Environment: 

Colchester engineers hard pressed for resource - jar line was now low priority, led 

to it falling behind schedule. 

Increasing animosity as the project fell further behind. 

Operators were highly enthusiastic. 

Researcher's Personal View: 

Pleased robotics project was back on track. 

Believed I was losing my marginal status - too integrated within the company to be 

able to take overall view, and not operating at a high enough level often enough to 

know what's going on with respect to long term plans, concentrating too much on 

technical work. The commitment of the Colchester operators to the project was a 

great morale boost. 
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9. INSTALL AND COMMISSION September - October 1984 

Work Carried Out: 

Installed robot cell (without rest of the jar fine: 

Commissioned system®. 

Trained operators. 

Worked with robot suppliers on 2nd robot design’. 

Milestone Events: 

Robot cell completed. 

Decision to delay transfer of jar production from Maidstone. 

Transfer of Development Engineer to Maidstone. 

Project Environment: 

Jar line now very low priority at Colchester, and so there was little commitment to 

robot capping as the problem had 'gone away for a while’. 

Researcher's Personal View: 

Frustration at the delay over the completion of the jar line. Very keen to install 

the jar capping robot on time to disprove the earlier doubts that were raised. 
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10. SECOND ROBOT PROPOSAL: November - December 1984 

Work Carried Out: 

Preparation of detailed proposal for robot palletising system, 

Discussion of proposal with new Technical and Production Directors, 

Milestone Events: 

Rejection of proposal by PMM. 

Project Environment: 

Getting very sticky at XX - openly saying they had other priorities. 

Robot company pushing automation partnership approach. First discussion in 

Technical - seemed a lack of commitment to 2nd robot. Colchester management 

team felt they were being pushed into having a second robot which caused a high 

level of animosity. 

Researcher's Personal View: 

Assumed there was no need to champion robot 2, should be a natural progression - 

badly misread situation. Appalled at the degree of trouble caused by a failure of 

communication, in contrast to very little comment over the delayed completion of 

jar line - disillusioned. Realised that control over the project had been lost, but 

thought that going to PMM again would be overdoing it. Am running out of fight - 

where does the drive that has been pushing me so far come from - underestimated 

the effort and skills needed to get commitment to robot 2. 

312



11.APPLICATION RE-SURVEY: January - February 1985 

Work Carried Out: 

Resurvey of each factory for possible robot applications~- 

Discussion with factory management teams, 

Selection of shortlist of projects’. 

Discussion with NPD team - very enthusiastic about the use of robots to provide 

more interesting products-"Y 

Milestone Events: 

The best projects identified. 

Project Environment: 

Colchester: no commitment to 2nd robot - no progress on jar line. 

Maidstone: very committed to hopper filling project. 

Chesterfield: some interest. 

Technical: shocked at sudden deterioration of relationship with Colchester, started 

bridge-building. 

Researcher's Personal View 

Tired of Company politics, the emphasis on not rocking the boat rather than 

getting things done. Regarded resurvey as another delaying tactic. Aware of 

antipathy at Colchester. 
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12.PROJECT SHORTLIST: February - March 1985 

Work Carried Out: 

Liaison with robot suppliers, design of systems for shortlisted applications = 

Discussion with factory management teams. 

Presentation of proposals to pum, 

Milestone Events: 

Decision by PMM to implement hopper loading project at Maidstone. 

Project environment: 

Maidstone very committed to having the second robot, Chesterfield critical of the 

large amount of floorspace required by robot palletising system: would rather 

complete the new Imperials line first rather than include a robot system within the 

current improvements. 

Robot company very disappointed that integrated palletising was dropped. 

Researcher's Personal View: 

Pleased that decision to do a 2nd robot had been taken. 
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13. PRODUCTION OPERATION OF JAR CAPPING SYSTEM: April - May 1985 

Work Carried Out: 

Training of operators” 

Commissioning completed jar line=>, 

Running complete systeme>. 

Training of maintenance fitters. 

Milestone Events: 

Jar line completed 

Project Environment: 

Operators and maintenance fitters very positive about the system, especially after 

they had become confident in operating it. 

General improvement in atmosphere, comments that the "robot does the job 

alright." 

Researcher's Personal View: 

A little surprised at the quite positive attitude after the seven month delay in 

getting the system running. 
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14. 2ND ROBOT SYSTEM: April 1985 

Work Carried Out: 

Set up project feanne 

Agreed detailed specification™. 

Liaison with robot system suppliers for detailed quotations’. 

Redesign to meet specification change“. 

Milestone Events: 

Change of production output specification by 100% 

Decision to abandon project. 

Project Environment 

Very postiive commitment to the project from Maidstone team; disappointment at 

the need to abandon. 

Robot suppliers frustrated at 6 months work put in with no result - questioned 

Trebor's commitment to robots. 

Researcher's Personal View: 

Very disappointed, but trying to understand what went wrong, why it had been so 

difficult over the last 8 months to progress from the first robot. 

Strong commitment to looking in greater depth at the way Trebor operates, 

reviewing the whole project to identify the problem areas. 
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15. REVIEW PROJECT OVERALL: May - June 1985 

Work Carried Out: 

Review work to date“, 

Investigated Trebor capital budgeting procedures. 

Interviewed key people involved in project. 

Presentation of conclusions at production management meeting and recommended 

action plan 

Discussion with robot suppliers’. 

Milestone Events: 

None 

Project Environment: 

Willingness to assist in reviewing project, very open access to information and 

people. 

Positive reaction to conclusions and commitment to act upon recommendations. 

Researcher's Personal View: 

Process of stepping back and reviewing very useful to gaining perspective - feeling 

that this should have been done earlier perhaps. 

Encouraged at people's positive attitude to the review process, willing to look at 

the "dirty washing" as well as good points. 

Feeling more of an outsider to the company again - different now in that "I can't 

see the wood for the trees now, but I can find my way through the forest". 
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Appendix F 

The capital budgeting procedure used in Trebor was found to have a significant 

effect upon the robot project. 

In order to identify the key influences, Trebor's procedures were compared with 

(199) 
industrial norms using Pike's assessment framework and the results of his 

study of the capital budgeting practices of UK firms. 

Thus Trebor's procedure was compared with 

a) firms with a capital expenditure budget of less than £5m, and 

b) firms manufacturing consumer non-durable products. 

The budgeting procedure is analysed in seven areas. Responses in the Trebor 

column are compared with the percentages for firms of similar size and industry 

respectively, who responded affirmatively to the question posed. For example, for 

section la - Trebor does not have a capital budget which looks beyond two years 

whereas 54% of firms of similar size and 82% of firms in the same industry who 

responded to the survey do. 

The results of this analysis are summarised below and discussed in chapter 6.2. 
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1. Does your firm have: 

a) a Capital budget which looks beyond 2 years? 
b) an up-to-date capital budgeting manual or written 
procedures 
c) a formal body responsible for screening and reviewing 
investment proposals? 
d) At least one person engaged full-time in capital 
budgeting? 
e) a regular review of the minimum rate of return 
required from projects? 

2. Does your firm: 

a) reconsider major projects after approval if cost 
over-runs are likely? 
b) monitor project performance once operational 
c) require post-completion audits on most major projects 

3. Does your firm require for major projects: 

a) a specific search and screening of alternatives 
before accepting projects? 
b) a formal financial evaluation? 
c) a formal analysis of risk? 

4. What investment appraisal criteria do you use? 

a) Payback period 
b) Average accounting rate of return 
c) Discounting - internal rate of return 
d) Discounting - net present value 
e) Other; please specify 

5. What method is used for analysing the riskiness 
of capital projects? 

a) shortening payback period 
b) Raising required return or discount rate 
c) Probability analysis 
d) Sensitivty analysis 
e) Measuring covariance of projects 
f) Other; please specify. 

6. Does your firm use any management science techniques 
in evaluating or controlling major projects? 

a) Mathematical programming 
b) Computer simulation 
c) Decision theory 
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Trebor 
size % industry% 

d) Pert/Critical Path 
e) Other; please specify 

7. How do you incorporate inflation in project 
evaluations? 

a) Not at all 15 8 
b) Consider at risk analysis sensitivty stage 9 23 
c) Specify cash flows in constant prices and apply a 
real rate of return 26 44 
d) Adjust for estimated changes in general inflation ¥. 47 26 
e) Specify different rates of inflation for all cost 
and revenues 17 34 
f) Other; please specify 5 
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Appendix G 

This appendix contains a summary of the financial appraisals of the nine 

applications studied in detail during the robot project. 

Explanation of the concept of real and equivalent savings and an analysis of the 

results are provided in chapter 6.3. 
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