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SUMMARY 

This thesis concerns principally the use and adaptation of some 

computer based information systems during a project to implement 

Group Technology in part of a large, complex, multi-product 

company. The approaches adopted and methods used in the imple- 

mentation and operation of the new principles are discussed with 

particular reference to computer solutions for problems of: 

* data provision, analysis and synthesis during an 

analytical approach to re-designing part of the 

company's organisation based on cellular principles 

* adapting an existing production control system to 

support a cellular shop floor organisation and 

reinforce the benefits of Group Technology 

* economic assessment of the benefits gained through 

operating a trial cell before extending the imple- 

mentation to other parts of the organisation. 

In addition, some particular social, technical and organisational 

problems that were encountered during the implementation are dis- 

cussed. Some ideas are given for reducing these problems and 

extending the implementation to other parts of the company. 

It is concluded that computer based information systems can have 

a considerable impact on a project to install Group Technology and on 

the methods used to maintain the effectiveness of the new manufacturing 

system. 
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CHAPTER 1 

SCOPE OF THE THESIS 

1.1. General Hypothesis 

The implementation of Group Technology in a company will require 

technical and sociological changes which will have effects of some 

significance on the company's organisation, its methods and systems. 

The approach to the implementation and the nature of the revised 

organisation and systems may depend on the degree to which the 

company has access to and is familiar with using computer based 

information systems. 

1.2 Highlights of the Research 

The research reported in this thesis centred on an implementation 

of Group Technology in one area of a large and complex multi- 

product company. The company had been using computers for some 

years to process data and provide information and, in the area of 

the implementation in particular, a computer based production 

control system was deeply entrenched. The support organisation 

in the area had been built up round the system which had been 

operating, largely unchanged for some 6 to 8 years. 

An analytical approach to the implementation of Group Technology 

was adopted and the company's information system provided much of 

the necessary data. The production control system provided a 

good deal of this data, but, in order to perform the analysis, 

other parts of the company's systems had to be linked to provide 

Eiane:



Wee Seont'd. 

all the data required. The analysis of the data and its synthesis 

into a design for a new organisation for Group Technology had some 

novel features; in particular the use of "real time" interrogation 

of the computer combining powerful and rapid facilities for analysis 

of the data with human skills in engineering and a knowledge of the 

area concerned. 

One of the major problems encountered during the implementation was 

the restructuring of the production control system to support the 

new cellular organisation and re-inforce the use of Group Technology 

pri nciples. The. company's management required that the support 

organisations and the system's links which provided data for 

accounting purposes, be disturbed as little-as possible. The 

management's Pequirenent was met, together with the Gaieecives of 

the implementation, through a re-structuring of the information 

provided by the system. This achievement required a novel approach 

to the solution of shop floor routing problems so that the informa- 

tion provided by the system could be properly structured. 

Significant changes in the Senior Management of the company had 

an important influence on the project. In particular, an economic 

experiment became necessary to examine the cost effectiveness of the 

implementation. Computers played an important role in the experiment 

in both the measurement and analysis of data. 

During the implementation, particular sociological problems were 

encountered which had an effect on both the speed and direction of 

the project so an attempt has been made to relate these problems to 

the project, the use of computers and the particular situation of 

the company. oe



1.2 cont'd. 

Overall, the research illustrates some of the problems that the 

in-house production systems engineer may encounter during an 

implementation of Group Technology in a complex company with a 

significant level of computer based information systems. The 

philosophies brought to bear, relate to the engineer's approach of 

adapting and modifying existing facilities to find an effective 

solution to the socio-technical problemsassociated with the 

introduction of Group Technology. 

1.3 Structure of the Thesis 

First, to provide a context, the main concepts of Group Technology 

are outlined. Whilst no attempt is made to treat the subject 

exhaustively, the main types of Group Technology organisation are 

described. Some of the benefits that can be obtained and the 

changes that may be necessary are discussed. 

Then, an outline is given of some of the main potential areas for 

the application of computer based information systemsin Group 

Technology with particular emphasis on organisation design and 

production control. Some of the factors that may affect a company's 

use of such systems in the implementation of the new concepts are 

discussed and a survey is given of some reported methods and 

applications. It is important to note that the use of computers 

for the direct control of (N.C.) machines, is not within the scope 

of this thesis,which concentrates on data processing/analysis and 

information systems design.



1.3 cont'd. 

The nature of the company's business, the complexity of its 

organisation and the state of its computer systems had an important 

effect on the project, so a description of these factors is given. 

The main body of the thesis is concerned with two substantial 

applications of computer information systems in the project. The 

first concerns the analysis and synthesis of data leading up to the 

re-organisation based on Group Technology and the second the modifi- 

cations to the production control systems necessary to support the 

revised organisation and the new manufacturing concepts. Whilst 

the main emphasis is on the use of computer information systems, 

some sociological problems were encountered during this work which 

had an important effect on the project, so these are discussed. 

The economic experiment conducted round a trial Group Technology Cell 

js then described and the results obtained discussed with reference 

to the use of computers in measurement and analysis of the necessary 

data, the state of the implementation and the sociological problems. 

Finally, after describing ideas for improving and extending the 

implementation, and the "state of the art" of Group Technology, the 

overall conclusions of the research are discussed.



CHAPTER 2 

GROUP TECHNOLOGY 

2.1. A Definition 

Group Technology concerns the construction and association of 

three types of groups to perform manufacturing tasks in the best 

way. These groups are: 

* Groups of products 

* Groups of manufacturing facilities 

* Groups of people. Y 

The main applications of Group Technology have been in the produc- 

tion of components (rather than complete products) on a batch or 

jobbing basis and, as such, Group Technology has been described 

by Thornley aye as: : 

" Sea a method of achieving some degree of mass production in 

the batch production industry". 

The concept is based on the recognition of groups or "families" 

of components within the total range to be manufactured (see 

figure 1). All the components in a family should exhibit a 

strong similarity regarding the facilities needed for their manu- 

facture. By re-organising in a manner based on the manufacture 

of the families, a dramatic increase in the effective batch size 

can be achieved which makes a mass production approach with associ- 

ated gains in efficiency more possible. 

# Numbers in brackets refer to the bibliography on pages 186 to 189. 
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2.2 Organisation Types 

Three organisational facets have been recognised which may be 

contrasted with the traditional organisation for the batch/jobbing 

production of components, where all machines of a similar. type 

are grouped together on a functional basis. 

2.2.1 Group Technology Machine Centre The modern concept of 

Group Technology was first developed by Mitrofanov (2). His 

original approach is perhaps better described as the composite 

component technique whereby a single machine is equipped with 

sufficient pre-set tools for the complete manufacture of a component 

family. This concept has been developed, notably by Drurie (3) 

who has analysed components in a family with the object of designing 

a "complex component" embodying all the features of every component 

in the family (see figure 2). The tooling of the machine centre 

can then be designed for efficient manufacture of the complex 

component (see figure 3) and thus any component in the family can 

be manufactured with minimum resetting of the machine. 

2.2.2 Group Technology Flow Line When complete manufacture of a 

component family is not possible on one machine, it may be feasible 

to form a flow line of the machines necessary to manufacture the 

family. Each component in the family visits those machines necessary 

for its manufacture until completed. The machines in the line are 

ordered so that back tracking of components against the normal flow 

of work is avoided and the line is balanced to avoid bottle necks. 

There may, therefore, be more than one machine of each type in the 

line.



2.2.2 Group Technology Flow Line Cont'd. 

Generally, flow line production of this type is possible only where 

production volumes are relatively high and where the balance of 

operator and machine loading is relatively easy to achieve. The 

advantage of the family concept is that it makes flow line production 

possible with much lower volumes of individual components than is 

conventional in the mass production industry. 

2.2.3 Group Technology Cell Where neither machine centre nor flow 

line production is possible, the machines and operators necessary 

to manufacture one or more component families can be less formally 

grouped to forma "cell". The pattern of work flow within the cell 

is less important than in the case of the flow line and the load 

balance is easier to achieve with lower and more variable produc- 

tion volumes of individual components. Since the cell is equipped 

with all the facilities required to manufacture completely each 

component sent to it, the pattern of work flow in an organisation 

based on cells, is much simpler than that in a functionally based 

organisation (see figure 4). 

8 The Benefits of Group Technology 

Figure 5 sunmarises the improvements which can be achieved by 

virtue of a reorganisation based on Group Technology. Broadly 

speaking, these benefits fall into three main areas.



2.3.1 Technological Benefits Since component families form the 

basis for the design of Group Technology flow lines and cells, the 

benefits of the composite component technique can be incorporated 

into the tooling of both types of organisation. By this means, 

dramatic reductions in the times needed to set machines can be 

achieved (4). 

The clearer picture of the component spectrum and the large 

increase in effective batch size made possible by the family 

approach can be used to justify the purchase of more appropriate, 

specialised machine tools to obtain further gains in technological 

efficiency. 

In the longer term, the family concept can stimulate a trend towards 

greater standardisation of the design stage so that a reduction in 

both design and manufacturing costs can be achieved. 

2.3.2 Sociological Benefits The aggregation of workers into cells 

produces many of the benefits reported for goal oriented primary 

groups (5). Accountability is clarified and workers can identify 

with the overall task of producing an item rather than merely per- 

forming an operation in isolation from the total production task. 

The resulting increase in job satisfaction produces happier people 

and consequential improvements in attendance, productivity and 

quality (6).



2.3.3 Organisational Benefits Figure 4 demonstrates the consider- 

able simplification of the work flow pattern that can be achieved 

by virtue of a cellular organisation, when compared with that 

occurring in anorganisation based on the function of machines. 

At the operating level, this simplification can be directly reflected 

in a reduction of the production control problems. Scheduling/ 

sequencing rules can be tightened to achieve a significant reduction 

in thru-put times and work in progress. The need for detailed 

paperwork diminishes along with the effort needed for progress 

chasing and other functions which grow from the conventional con- 

fusion of functionally based organisations. 

2.4 The Place for Group Technology in the Manufacturing System 

Lepper (7) has described Group Technology as: 

"The only production system embodying all other systems". 

Although perhaps slightly facetious in its intention, this definition 

is a good illustration of the extent of the Group Technology concept 

and how an implementation may affect many if not all areas of a 

company's operation if the full advantages of the new system are to 

be exploited. 

By far the most common reason for introducing Group Technology is 

to improve one or more of the factors affecting the efficiency of 

production. However, as with any productionsystem, the usefulness 

of Group Technology will depend on its suitability for a particular 

organisation and on where and how it is implemented. Recent 

research (8) has indicated that a "Total Approach" where the imple- 

mentation is co-ordinated on a company wide basis by top management 

is more likely to produce successful results than a limited imple- 
9s



2.4 The Place for Group Technology in the Manufacturing System 
Cont'd. 
  

mentation in part of a company. This may be because the full success 

of Group Technology required changes in many aspects of a company's 

manufacturing activity. Unless this need is recognised and the 

necessary changes properly co-ordinated, the organisational stress 

induced by the presence of Group Technology as a new production system, 

ill matched to its surrounding corporate processes, may limit any 

achievable results and may even produce an overall deterioration 

in a company's performance. 

To exploit Group Technology to the full will require some, if not 

all of the changes listed below and illustrated in figure 6. 

2.4.1 Manufacturing Technology Use of the concept of parts family 

manufacture and the grouping of machines for flow line or cellular 

production will require changes in manufacturing methods, tooling 

(including machine tools) and plant layout (9). 

2.4.2 Design To exploit the clearer picture, both of the parts 

spectrum and its implied manufacturing technology will require 

changes in the comany's design policy affecting particularly the 

impact of standardisation on component design (9, 10). 

2.4.3 Marketing The technological impact of Group Technology in 

manufacturing and design may in themselves affect a company's 

marketing policy. Additional affects may accrue from the improve- 

ments in lead time, delivery performance and the cost of manufacture 

achieved from the new system (11). 

etre



2.4.4 Systems The parts family concept and changes in design/ 

manufacturing technology may require changes in the estimating and 

work study systems if the improvements in the cost of manufacture 

are to be properly reflected in the prices of the company's products. 

Changes in systems for production control and materials management 

will also be necessary both to support a revised plant layout and 

a flow line or cellular based production organisation (12) and to 

exploit the potential benefits of simplified production flow and 

reduced lead times, work in progress and variety of parts and 

materials. 

The full benefits of improved job satisfaction may not be possible 

to achieve without revision of the payment systems (13, 14). 

The organisation changes and changes in the patterns of expenditure 

on both capital and revenue items may necessitate changes to the 

budgeting and accounting processes. Changes to shop floor paperwork 

may have significant effects on the costing systems, particularly if 

detailed job costing at the operation levelis used. 

2.4.5 Organisation Even a small implementation of Group Technology | 

will affect the shop floor organisation and possibly its related 

supervisory structure and supporting methods engineering/production 

control organisation. A larger implementation will almost certainly 

have far reaching effects on supervision and the support organisations 

and some effect on middle management, whilst the "Total approach" 

may affect the whole organisational structure including senior manage- 

ment and the board of directors (15,16). 

= ee



CHAPTER 3 

SOME APPLICATIONS OF COMPUTER SYSTEMS IN GROUP TECHNOLOGY OUTLINED 
  

Bel Introduction 

The purpose of this chapter is to outline some of the main areas 

of potential application for computer systems in Group Technology 

with reference to some reported applications and the available state 

of the art vis-a-vis the requirements of Group Technology. 

The power of computers to process data and perform calculations 

much more rapidly and reliably than people has led to a dramatic 

increase in computer based information systems in industry in the 

past 20 years. Whilst it is probably fair to say that the initial 

promises of large reductions in clerical staff, improvements in control 

and hence increases in profitability have not been fulfilled, industry 

has been using computers on such an increasing scale and complexity 

of tasks, that computers must now be regarded as a common feature of 

modern industrial life (17). 

Computing technology has improved from the early card and tape based 

systems of the 1950's and '60's to powerful disc based machines that 

can perform massive data processing and computational tasks that 

would otherwise be economically, if not totally, impossible. The 

available means of accessing a computer have improved from the rela- 

tively difficult and time consuming form filling/card punching input 

and tabulation outputs to direct methods involving the user dnda video 

screen. 

Rone



Sel Introduction cont'd. 

Industrial information systems development has improved, if not at 

the same rate as the technology, until advanced information processing 

has in many cases superseded the simple clerical tasks as the main 

function of a company's computer. In the more complex systems are 

to be found methods of production control and resource planning using 

powerful and complex algorithms that would not be feasible without the 

use of a computer and, in the companies using such systems, organisa- 

tions have been built up round the computer systems to take advantage 

of the new facilities in improving control. 

No longer is the computer the prerogative of large and successful 

companies because of the large capital investment involved in the 

computer and its supporting systems. Many "bureaux" now exist to 

lease time on computers and/or packaged systems solutions to common 

industrial problems and even a small company can gain access to a 

powerful computer and supporting systems by leasing time on a bureau's 

machine much more cheaply than investing in its own computer. Indeed, 

it is becoming wrong to assume that computers are a very major capital 

investment. "“Mini-computers" are now available for a few thousand 

pounds that can perform tasks that would have required an investment 

of many hundreds of thousands of pounds in a "main frame" machine a 

few years ago. 

Because computer based information systems are now common place and 

because their effects on a company's organisation and methods may be 

significant, it is important to consider their effects in applications 

of Group Technology. 
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3.4 Introduction cont'd. 

A computer can have a significant effect both on the analytical 

and systems supporting power which can be brought to bear during : 

the initial phases of a project to implement Group Technology and on 

the new organisation, systems and methods adopted after the imple- 

mentation. 

Sie The Problems of a Packaged Solution 

A packaged solution to the problems of installing Group Technology 

may well be the best for the small company which does not own its 

own computer. In this case, it is unlikely that any expertise in 

systems analysis of the required calibre exists in the company and the 

"package deal" used via employment of the experts providing the pack- 

age on a consultative basis may be the only way to proceed if an 

analytical approach is desired and seen to be the most effective. 

Indeed, such an analysis may well be performed without the use of a 

computer if data samples are kept small and the analysis kept simple. 

However, a number of problems exist for the medi um/large company par- 

ticularly if computer systems already operatein the area concerned. 

These problems centre on the desirability of using an externally 

developed package under the guidance of the organisation providing 

the package versus the desirability of using the available expertise 

in the company and include: 

* the cost of using the external package 

* the cost of retrieval and transcription of data from 

the company's systems to the external system 

* problems of company security 

* resentment of internal staff who may see the external 

solution as imposed and possibly not what they would 
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3.2 The Problems of a Packaged Solution cont'd. 

have developed 

* unease in the management who have to accept an essentially 

external solution to an internal problem. They may 

distrust the efficacy of a solution developed by 

people with a small knowledge of their company. 

* problems of transferring sufficient expertise to the 

internal staff to cope with any modifications to 

existing systems required by the new ways of working 

* problems of keeping a new organisation up-to-date 

if manufacturing volumes or product mix change or if 

technological developments require a revision of the 

organisation. Such revisions may require repeated 

involvement of the consultants providing the package 

with consequential costs and lack of independence of 

the company Using the package. 

If any, or all of these problems prove too big for a company to 

"stomach", it may be decided to develop the necessary techniques "in- 

house". In this case, difficulties may arise in acquiring the necessary 

combination of understanding of Group Technology, the analytical 

techniques being used and computing expertise. The available packages 

are not much help to the "in-house" systems developer if, for reasons 

of commercial secrecy, details of the analytical techniques used in the 

packages are unpublished. The "in-house" system developer may also find 

that the published methods prove too sophisticated for his company to 

understand where the technique ends and where judgement must begin. 

In such cases, therefore, the "in-house" developer should perhaps seek 

an approach which will minimise installation costs, particularly 

those involving data collection, and maximise the understanding of 
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3.2 The Problem of a Packaged Solution Cont'd. 

the people involved in the project. The object is not so much an 

elegant solution to a mathematical problem, but more an effective 

solution to a socio-technical problem where the "in-house" developer 

aims to avoid being seen as selling another package deal and thus 

incurring some, if not all,, of the problems outlined above. 

Very little work seems to have been done in this field, but this 

thesis attempts to throw some light on how computers may be used by 

the "in-house" system developer along the lines outlined above. 

oro Role of Computers in Analysis Prior to Implementation 

3.3.1 Alternative Approaches to Analysis Following a decision to EOS CCS EC BUA Se 

install Group Technology concepts in an organisation, two. types of 

approach are possible, "peripatetic" and analytical. 

The peripatetic approach relies on the experience of management, 

supervisors and operators to prepare new working methods and arrive 

at a better grouping of products, manufacturing facilities and people 

based on their knowledge of current and foreseen problems and their 

recognition of the aims and methods of Group Technology. Some of 

these organisations are regarded as successful (11) and the peripatetic 

approach has the advantage of speed and acceptability to the existing 

staff who will see the new organisation as resulting from their 

proposals. The main objection to the peripatetic approach is that 

it lacks the objectivity of the analytical approach. 
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3.3.1 Alternative Approaches to Analysis Cont'd. 

The analytical approach seeks to form objective recommendations 

by numerical analysis of available data followed by a logical re- 

design of the organisation based on the results of the analysis, 

the behavioural Sciences and good engineering practice. The 

analytical approach is generally regarded as being more likely of 

success and (perhaps simply because analysts publish more papers 

than managers) has been more widely reported (9,15). 

Two types of analytical approach have been used, the most recog- 

nisable difference between them being the relative importance given 

to component family formation. 

The "classical" approach uses component families as the most basic 

constituent of its recommendations for re-organisation. A classifi- 

cation system is used to describe components according to features 

which affect the design and/or production of the components. Com- 

ponent classification has been widely reported in the literature 

(9,15) and only the barest outline will be given here. Suffice it 

to say that many types of classification system have been developed 

(18) ranging from simple inspection by eye to complex digital systems 

describing the geometry, surface features, material and other factors, 

important in the design and manufacture of components. Once classi- 

fied, the components can be sorted to bring like components together 

to form families. |The manufacturing routes and machine loadings of 

the families can then be analysed so that the new organisation can be 

appropriately designed and equipped to manufacture the families. 
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3.3.1 Alternative Approaches to Analysis Cont'd. 

In spite of the many classification systems that have been developed 

it may be difficult to find a system ideally suited to a particular 

problem. In this case, development of a suitable classification 

system may be a long and costly exercise which may limit the 

applicability of the approach. 

The second type of analytical approach is based on network analysis 

of the routing of components to the various machines needed for their 

production. Several attacks on the problem have been reported. 

The earliest of these methods was developed by Burbidge (19,20). 

Burbidge's analysis is performed on three levels: 

* Factory flow analysis 

* Group analysis 

* Line analysis 

At all these levels, use is made of flow charts showing the material 

flow from department to department or machine to machine. The 

approach is similar in philosophy to the techniques of "Systematic 

Layout Planning" developed by Muther (21) and, whilst based on 

analysis, requires judgement of the "peripatetic" kind at each stage. 

McCauley(22) introduced a mathematical base to the problem by cal- 

culating a similarity coefficient for every pair of machines. He 

used single linkage cluster analysis to form groups of machines with 

high mutual similarity.. His method suffers from the disadvantage 

that does not cope well with machines that may appear in several cells 

and it cannot take into account component quantities and machine 

loading. 
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El - Essawy (23) has developed’ techniques for successive refinement 

of machine groupings based on "Component flow analysis". At the 

first stage general combinations of machines are formed. These 

general combinations are then progressively refined into groups at 

the second stage until the final structure is determined at the 

third stage. El - Essawy's techniques seem similar to Burbidge's 

and currently are not regarded as so fundamental as they were 

originally claimed to be. 

Rajagopalan (24) has introduced the use of graph-theoretic methods 

for forming cells from route card information. The batch production 

situation is described as a graph whose vertices are the machines and 

whose edges represent the relationship between the machines. Graph 

theory is then used to analyse such a graph to form optimal cellular 

machine groupings by minimising intercellular movement of components. 

This technique seems more able to cope with the problem of machines 

appearing in several cells and can take into account machine loadings, 

but as yet, there are no known reports of its success beyond the 

feasibility stage. 

Whilst the techniques using network analysis based on data obtained 

from existing route cards do not suffer from the disadvantage of 

requiring a suitable classification system, they tend to lack 

objectivity because they tacitly assume the current working methods 

to be the most appropriate for the particular organisation concerned. 
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A second disadvantage of this method is that no means are provided 

to attack the problems of composite tool design or component 

standardisation from which important benefits should accrue and 

may be lost if no classification system is employed. 

3.3.2 Roles for the Computer The role of the computer during the 

initial phase of a project to introduce Group Technology may vary 

widely according to which of the methods described above is used 

and what facilities are available. Whilst the computer's role 

will probably be minimal if a peripatetic approach is adopted, the 

computer can play an important part if an analytical approach is 

used. Clearly, the sorting of classified components into families 

is eased considerably if the classification system is digital and 

computing facilities areaailable. The computer can also assist in 

the design of an optimum re-organisation by relating the component 

family concept to data, on existing working methods and manufacturing 

facilities, available in production control and estimating systems 

already in use in the area concerned. A similar role exists for the 

computer in the analysis of production flows. The power of computer 

sorting techniques can ease considerably the specification of the most 

commonly occurring production routes from existing information and so 

provide the basis for the new machine groupings. 

3.3.3 Some Reported Applications A computer system has been developed 

by Metaalinstituat TNO to support the analysis of classified components 

into families (25). A numerical classification system has been 

devised to suit, it is claimed, most types of metal components used 

in the electronics industry. A supporting suite of computer programs 
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has also been designed to support the analysis of classified components 

into families. It is claimed that additional software has been 

developed to support synthesis of the component family data into 

groupings upon which to base the formation of cells taking into 

account machine loading and routing information. However, there is 

little published material available to evaluate these claims and the 

only known organisation based on the use of this system (26) is not 

regarded as embodying group technology principles to a great extent 

since the "cells" are very large (50 - 100 operators). 

A number of computer programs have been developed to support the 

network analysis of production routes. PERA (27) provide a complete 

package based on this method which is believed to use simple sorting 

techniques and Burbidge has reported mechanisation of his methods 

(28,29). McCauley (22), El - Essawy (23) and Rajagoplan (24) all 

report using computers to support application of their approaches, but 

few details have been published to evaluate the power of their 

computing techniques. 

3.3.4 Role of the Computer in Layout Planning Having established 

the optimum machine groupings during the analytical phase of the 

project, it is obviously necessary to produce a good, practical and 

workable layout of the machines on the shop floor. 

An optimal layout may depend on a number of factors not simply 

or directly related to work flow problems (e.g. the cost of moving 

a machine for access to another for repair) . Some of these factors are 

essentially intangible (e.g. the aesthetics of the layout) and conse- 
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quently difficult to incorporate into a computer model. Muther (30) 

has developed a method based on scoring of solutions involving 

intangibles by the staff who will use the layout concerned in an 

attempt to digitise the problem. 

If it should prove possible to relate all these parameters to one 

objective function (e.g. cost), then it might be feasible to use 

optimisation techniques, perhaps based on linear programming (31) 

or the "Out of Kilter" algorithm (32). Meanwhile, use of the 

computer in layout planning problems has been reported to evaluate 

and optimise work flow and machine movement costs (33), but at present, 

arrival at a practical layout seems highly dependent on the peri- 

patetic and more simple analytical methods such as those of 

Muther. 

3.4 Role of the Computer in Running a New Organisation 

A new organisation based on Group Technology may require new or 

modified systems to support it and to gain maximum benefit from the 

new concepts. 

3.4.1 Role of the Computer in Payment Systems Many companies who 

have a medium/large workforce use a computer (either their own or that 

provided by a “bureau") to calculate and print wage slips. The 

power of the computer to perform calculations that would otherwise be 

far too lengthy for manual methods has produced some quite complex 

incentive schemes based on operator performance. The most simple 

of these find their origins in the old "piecework" system whereby an 
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3.4.1 Role of the Computer in Payment Systems Cont'd. 

operator's earnings depend simply on the amount of output he produces. 

This system suffers from anumber of disadvantages which cause dis- 

satisfaction in both operators and management: 

* problems of waiting caused by management's failure 

to supply material or by machine breakdown 

* problems of defining adequate quality 

* problems of batch production with high job-to-job 

variety and consequential learning time 

Many refinements of such systems are known but few have been reported 

which take into account the particular requirements of Group Technology, 

which centre on how to compensate a worker fairly, not only for doing 

a job within a particular range of skills with proper speed and quality, 

but also for being an effective member of a group with a common aim. 

The problem is particularly difficult in the areas where Group Technology 

is most appropriate, batch/jobbing production with its demands on 

operator flexibility and job variety. 

Sawyer and Arn (34) have reported a substantial application of the 

computer in supporting a payment system operating in a large company 

with an in-depth application of Group Technology. The payment system 

involves a standard wage consisting of a basic rating, dependent 

on local conditions; a job evaluation share, dependent on mental and 

physical demands, educational ability, responsibility, environment, 

etc.; a behaviour share, dependent on cooperation, versatility, 

initiative, dependability, etc.; and a share based on seniority and age, 

Added to the standard wage is a bonus based on both quantity and 
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quality produced. A points system is used to evaluate group 

performances and a series of statistically devised curves is used 

to evaluate a comparable operator performance for similar efforts 

in different types of cell. The means of calculating the wage of 

each operator is complex and therefore costly and unreliable if 

manual methods were to be used. The method is reported to be 

seen as fair by the operators and is viewed as a major contributor 

to the success of the Group Technology project concerned (34). 

3.4.2 Role of the Computer in Production Control Burbidge (35) 
  

has defined production control as: "The science and art concerned 

with the flow of materials in production, and with the ways in which 

different material flow systems can be created and controlled". 

The general objective of a production control system in the batch/ 

jobbing situation, is to achieve the best overall compromise between 

thruput time, delivery performance, utilisation of capacity, investment 

in stocks and work in progress and administrative effort. 

Among the branches of production which have a significant effect 

on the problems of production control are organisation, design, produc- 

tion planning, plant layout, sales and forecasting, all of which may 

be affected to a greater or lesser extent by the implementation of 

Group Technology. It is therefore important to consider the effect 

of Group Technology on the design of production control systems. 
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3.4.2 Role of the Computer in Production Control Cont'd 
  

The field of production control is large and has attracted a 

great deal of attention from workers seeking better algorithms 

for the solution of production control problems. The general 

objective of these workers seems- to be to reduce the art and 

increase the science of production control, which has resulted 

in a great deal of use being made of computers. 

The designer of a production control system seeks algorithms for 

solution to 7 main problems: 

* Forecasting 

* Capacity Loading 

* Scheduling 

* Sequencing 

* Performance Measurement 

x prearaseine 

* Optimisation 

The solution to these problems must be consistent with the general 

objectives, and key difficulties arise because the means of 

achieving the general objectives are, in many situations, in mutual 

conflict. For instance, good delivery performance may imply poor 

utilisation of capacity and good utilisation of capacity may imply 

long queues of work between machines and result in unacceptably long 

lead tims and a great deal of progressing effort to maintain a good 

delivery performance. 

Forecasting algorithms endeavour to give the production controller 

advance notice of deviation from his optimum plan. They may, for 

instance, be designed to show likely variations of load beyond the 
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time horizon of the existing order book so that the sales plan 

can be adjusted in time to maintain good utilization of capacity. 

Alternatively, they may be designed to cope with machine breakdowns 

via planned maintenance or operator absenteeism by adjustment to the 

production plan to maintain a good delivery performance. Many such 

algorithms are available (36) but no production control systems 

packages are known to be available incorporating them. Normally, 

the forecasting system is isolated from the production control system 

although it may draw upon some of the same data. 

Capacity Loading and Scheduling algorithms are used to produce good 

utilisation of capacity within the constraints of an existing delivery 

plan. The simpler algorithms do not take into account the finite 

capacity of a real machine shop, but merely adjust the schedule of 

work automatically, according to simple heuristic rules, e.g. one 

week gap between each individual operation on each job. The most 

complex algorithms take into account the effects of the finite capa- 

city and endeavour to find the production plan which will give the 

best compromise between delivery performance and capacity loading 

taking into account job priorities. Some attempts have been made 

to optimise the production plan (see below), but available packages 

use heuristic rules and simple smoothing techniques to achieve a 

good result within a realistic timescale and level of computer capa- 

city and administrative effort. 

A cellular production system introduces a new problem to capacity 

loading in that a production plan is sought that provides a good load 

for each cell. Lewis (37) has reported a solution to this problem 
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by designing related cells each capable of taking on increasingly 

complex work. Jobs can be defined as mandatory, preferred or 

alternative assignments for one or more cells and the system loads 

the cells ona "cascade principle" so that mandatory assignments are 

loaded first, followed by preferred and alternative assignments in 

turn. The simplest work is then used to "top up" the load of each 

cell to its full capacity. Lewis reports some success for this 

method and PERA (38) provides a supporting set of computer programmes 

for its use. Lewis concludes that - 

"The need for a loading system which is complementary to the 

cell system design is immediately apparent": which is an important 

conclusion highlighting the inter-relationship between the design of 

the organisation and the systems used to run it. 

Sequencing algorithms seek to improve the utilisation of capacity, 

shorten thruput times and reduce work in progress by optimising the 

sequence of jobs loaded to a given machine. 

Sequencing problems in Group Technology fall into two classes - 

* minimising the effect of machine interference on the 

queueing time of jobs 

* exploitation of the parts family concept to minimise 

setting time. 

Traditionally, optimisation of job sequences has been regarded as of 

academic interest only. The well Knownrelationship of the number 

of possible sequences to be searched if j jobs are to be loaded to 

m machines is ey". The search becomes impossibly large even for 

a computer if either j or m become large as ina conventional function- 

ally based machine shop. By dividing the organisation into cells, 
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both j and m are reduced substantially which produces a very dramatic 

reduction in the number of possible sequences for work through a ; 

given cell. The use of such techniques as "branch and bound" (39) 

may thus become a practical reality for optimisation of intra cell 

job sequences to minimise the effects of machine interference. 

Exploitation of the parts family concept involves taking into account 

a new set of criteria to arrive at the best job sequence for each 

particular machine. Traditional methods of calculating the load 

time for a particular job on a particular machine, assume that the 

operator starts and finishes the job with a clean, unset machine. 

The machine is completely reset for each new job presented to it. 

The parts family concept is used to reduce setting time by loading 

jobs that are similar in their setting requirements so that the 

machine need not be completely reset for each job. Consequently, the 

setting time is not only dependent on the particular job being manu- 

factured, but is also dependent on the setting for the preceding job 

loaded to the machine in question. 

There are no known practical applications of computers in either area, 

although Ferranti (40) have made considerable strides in reduction of 

setting times by exploitation of the concept of parts family manu- 

facture, particularly on turned items and have claimed a 95% reduction 

in setting time by extensive use of Drurie's methods (3). This has 

been achieved without extensive computer help (an experiment involving 

linear programming was abandoned because of the computer capacity 

required) other than simple batching of jobs on a due date basis and 

provision of roughly a month's work to each cell with a supporting 
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computer printout showing each tool setting required. It is up to 

the cell supervisor to make up the best sequence he can to minimise 

setting time as far as is practical, bearing in mind other constraints 

(operator flexibility, absenteeism, working speeds, etc.). It may 

be, therefore, that the use of computer algorithms in exploiting the 

parts family concept depends upon the design of the cellular system 

_ and the extent to which the composite’ component technique can cope 

with the degree of variety in parts loaded to acell. In any case, 

a computer solution may be difficult to achieve because of the number 

of factors in addition to machine interference and the parts family 

concept which have to be taken into account to arrive at a workable 

sequence. 

Most computer based production control systems provide progressing 

information by reporting deviations from the production plan in some 

form of "shortage list". This shortage list usually provides the 

basis for deploying the progressing effort to minimise the extent 

of the deviations from the plan. In the longer term, however, 

performance measurement can be important to maintain and improve the 

Ongoing performance of the activity. In this case, measurements 

are needed to display many factors from operator efficiency, quality 

produced, etc. to the broad financial performance of the area concerned. 

Most proprietary packages such as the CLASS system developed by 

I.B.M. (41) and later derivatives, such as CAPOSS, provide some such 

information, but in many cases, further digestion is required before 
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the information is of use to management. It is in this process 

that particular algorithms suited to the company's modus operandi 

are needed and the algorithms will depend on the management, the 

organisation and on the linkages between the production control 

and accounting systems, 

Group Technology introduces problems in this field by virtue of the 

changes it induces in the management, organisation and systems 

structure of the company. The cell system may obviate the need 

for complex progressing information because of the dramatic simplifi- 

cation in work flow it makes possible, and the management reporting 

will need to be changed because of the new organisation promoted by 

Group Technology. 

There appear to be no reports, either on how this situation affects 

the design of computer systems, or practical illustrations on how 

results were achieved in the field. 

3.4.3 Use of the Computer to Support Design for Group Technology In 
  

a well coordinated company, the design of products should reflect the 

available manufacturing facilities. Technological inovation should 

be carefully managed to ensure that, where the "state of the art" and 

the market demands, the manufacturing facilities and the design of 

new products are updated together as far as possible. 

At the component level, the parts family concept can be used as a 

basis for standardisation. To maximise the benefits of standardisation, 
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a drawing retrieval system is necessary to allow designers the 

maximum scope for using existing component designs, either in their 

entirety or by modification of a few features rather than by re-design 

of a new component from scratch. It may only take a designer a few 

minutes to draw a new part, but in doing so, he generates a pyramid 

of costs covering proving the new design, establishment of an appro- 

priate manufacturing method together with estimating, ordering, 

controlling and storing of the new part, each time it is manufactured. 

An interesting application has been reported by Allen (10). The use 

of castings was abandoned in favour of fabrication from standard billets 

N.C. machined to have the desired features. A mini computer is used 

as adraftingaid; the design process being to digitise drawings with 

the aid of the computer, which automatically adds the required features 

from a data bank of standards. N.C. tapes can be produced by the 

computer directly together with a tape to control automated inspection 

of the finished parts. 

It is not within the scope of this thesis to comment on the N.C. 

techniques employed, but the information retrieval system reported, 

provides a good example of the use of information systems in Group 

Technology.



CHAPTER 4 

PROJECT BACKGROUND 

4.1 Introduction 

The main body of this thesis is devoted to describing some applica- 

tions of computers in Group Technology in depth. To provide a 

context for the work described, this chapter gives some background 

information on the company in which the research was done, an outline 

of the company's organisation and a description of some of its systems 

which were used or modified as a result of this research. 

4.2 M.E.L's Business 

The M.E.L. Equipment Co. Ltd. is a wholly owned subsidiary of the 

Dutch based multinational Philips Group. M.E.L. may best be 

described as an electronic equipment building company. At the 

time of writing, M.E.L. had annual sales in the region of £23M and 

employed about 2,200 people. 

4.2.1 The Product Range M.E.L. manufactures a wide variety of 

equipment for both Government and Commercial customers, much of its 

output being for export. The products vary widely in both technical 

complexity and numbers produced. The variety may be illustrated 

by comparing two examples from extremes of the range. 

The first example is a linear accelerator for radiological treatment 

of disease (see figure 7). A number of these products were being 

produced during the course of this research, each costing up to £4M. 
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Production was mainly to customer order, but, due to long lead times 

in manufacture, production could be initially for stock, although a 

specific customer might require modifications during the manufacturing 

process to suit the product to his particular needs. Production 

of these products increased steadily during the period covered by 

this thesis, reaching about 30 p.a. at the time of writing. The 

products contained components machined to "state of the art" tolerances 

and when finally assembled, a product could occupy the majority of a 

33 metre cube. 

The second example is a module of logically arranged electronic 

switching elements selling for about £1 (see figure 8). These 

products were roughly the size of a match box and contained components 

which did not make high tolerance demands on the internal manufacturing 

facilities. Production was based on sales expectations and had 

remained at some 500,000 units annually for several years until the 

work was transferred elsewhere in the Philips Group, about half way 

through this project. 

Between these extremes lie a large number of products varying markedly 

in their size and complexity, the numbers produced and the source 

and tolerance of their components. 

M.E.L's business is characterised by a high rate of technical change, 

much of the annual budget being devoted to the development of new 

products and the improvement or tailoring of existing products for 

specific requirements. 
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4.2.2 The Organisation 

Figure 9 is an outline of the organisation at the start of the 

project. The marketing/sales sector was divided from the technical 

sector, each reporting to the Managing Director. Both sectors were 

basically product orientated, although the product range marketed 

by some commercial managers could be made by more than one production 

division and vice versa. 

The majority of the company's business was concentrated in the 

"Defence and Avionic Systems Group", whose technical sector had a tri- 

umvirate management team consisting of the Development Manager 

(responsible for the development of new products and major technical 

modifications to existing products), the Materials Manager (responsible 

for procuring all bought out supplies of raw material and components) 

and the Production Manager (responsible for the efficient production 

of developed products and the improvement/modification of products 

after completion of development). 

At the start of the project, the production manager's organisation 

consisted of 4 "assembly" divisions and two component manufacturing 

divisions: "Manufacturing" Division (metalwork, chemical processing 

and painting) and "Coils and Sub-Assemblies" Division - C.A.S.A. 

(Coils, transformers, switching elements and potting). 

The organisation was supported by various "ancillary" departments. 

Of particular interest were the Industrial Engineering Department, 

known as the Technical Efficiency Organisation - T.E.0 - and the 

Information Systems and Automation Department - I.S.A. 
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T.E.0. was responsible for estimating the cost of manufacture upon 

which the company based its prices, for providing targets to guide 

production managers in their use of labour and for helping production 

managers produce improvements in their manufacturing methods. 

1.S.A. was responsible for the development, maintenance and 

efficient running of all the company's computer systems and some 

manual systems, the great majority of their work being to support 

production and Administration. 

During the course of the project, a number of organisational changes 

took place. The Managing Director retired and the Production Manager 

of D.A.S.G. left the company. The Commercial Director.replaced the 

Managing Director and a Technical Director was appointed who ran the 

entire technical sector and all the auxilliary departments apart 

from Administration (accounting) and I.S.A. who reported to the 

Financial Director. One of the production assembly divisions was 

transferred to the Development Manager and C.A.S.A. was closed, although 

some of its work was transferred to one of the assembiy divisions. 

Finally, a new senior production manager was appointed in D.A.S.G. 

to take charge of the three remaining Assembly Divisions (see figure 10) 

in this group, together with Manufacturing Division in which the 

majority of the work reported here took place. 

4.3 Manufacturing Division 

4.3.1 Its Business Manufacturing Division provided a service in 

pre-production metalwork and processing to six "customer" divisions 

in M.E.L. The service consisted of: 
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4.3.1 Its Business Cont'd. 

* General Machining (turning, milling, drilling, grinding) 

* Sheet Metalwork (cutting, bending, forming, punching, 

welding) 

* Printed Wire Board Manufacture (cutting, drilling, plating) 

* Metal Finishing (mechanical assembly, linishing, polishing, 

etc.) 

* Plating 

* Electroforming 

* Painting. 

The great majority of components were in the medium/small size range, 

but high standards of precision and quality were demanded, since the 

majority of Manufacturing Division's work was governed by Ministry 

of Defence ("05-21") quality standards (42). 

M.E.L. allocated about 13% of its annual production budget to 

Manufacturing Division and about 26% of the total capital employed in 

production. Between 75% and 80% of the capital employed in Manufac- 

turing Division was invested in metalworking machine tools which were 

kept in good condition and in pace with the demands of M.E.L's rapidly 

advancing technology by a continual programme of re-investment. 

Production was organised on a batch/jobbing basis. Manufacturing 

Division delivered some 20,000/25,000 batches annually handling about 

3,000 at once, of which about 2,000 could be on the shop floor 

simultaneously. Batch sizes varied between 1 and 1,000, the average 

being in the region of 40. The management regarded the flow of orders 

as random and unpredictable. 
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4.3.1 Its Business Cont'd. 

An additional service was provided to Development areas in coping 

with overflows from the Development model shop. This work and 

the work generated by an emergency support service to the produc- 

tion divisions, was known as "sideways" loading. It bypassed the 

normal control systems and could substantially increase the number 

of current batches and hence the complexity of the control task. 

For many years, M.E.L. had constrained the size of Manufacturing 

Division to cope with its base load. Extra demands on capacity or 

particular metalworking/processing technologies not available in 

Manufacturing Division were sub-contracted to other companies, 

Manufacturing Division coping with 1/3rd to 2/3rds the total metalwork/ 

processing demands of M.E.L. 

4.3.2 Staff Organisation and Systems M.E.L. budgeted for 127 staff 

to be employed in Manufacturing Division. These were organised as 

shown in figure 11. 61 operated machines, which cut or formed metal, 

whilst a further 23 were involved in processing. The shop floor was 

laid out on a functional basis (see figure 12) where the machine 

types were grouped together. 

The Production Staff were supported by a Methods Engineering ("Planning") 

and Production Control sections who provided methods and control 

information to a computerised production control system (see section 

4.4.3). They were assisted in this task by the T.E.0. department 

who provided standard time estimates for each operation on all but 

"sideways loaded" jobs which were loaded to the shop floor without 

the usual methods or control information. 

oie=



4.4 The Systems 

4.4.1 Introduction M.E.L. had been using computer systems for several 

years prior to the start of this work. Starting in a small way by 

leasing time on a computer owned by another company. M.E.L. acquired 

an I.B.M. 360-30 with 60 kilobytes of core in 1969. This 

machine was replaced with the faster and larger 1.B.M. 370-135 with 

3 megabyte of core in 1975. The software and periferal equipment was 

also improved during this period so that "first generation" tape based 

systems were being replaced by disc based systems running under the 

Dos - vs operating system by early 1975. 

During this first phase of computerisation, M.E.L. invested over £1M 

in systems design and programming. Whilst some of this effort had 

been utilised to mechanise the payroll for hourly and weekly paid staff 

and latterly part of the accounting process, most of the effort had 

been devoted to the mechanisation of production control and require- 

ments planning. By the start of this research, most of production 

divisions in the company were utilising these systems heavily. 

4.4.2 The D.A.S.G. Production Control System A complex production 

control system was operated in D.A.S.G. (see figure 13). This system 

was based on the D.A.S.G. production cycle and was composed of several 

"stand-alone" sub-systems which communicated with each other via 

punched cards, "turnround documents" - computer printouts modified 

by hand and used to re-encode data - and by access to joint files 

(disc or tape). The D.A.S.G. production control system was composed 

of 4 main parts (see figure 14). 
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4.4.2 The D.A.S.G. Production Control System Cont'd. 

* Parts List Documentation - a simple form of requirements 

planning. In this system components were classified 

(manually) by supplier and the computer used to perform 

a limited form of bill of materials processing to break 

down a given number of a product into required numbers 

of its constituent components. This bill of materials 

was printed out, sorted by supplier (Manufacturing Division, 

C.A.S.A., purchased items, etc.) and used to plan the 

supply of components. 

* Methodisation and Planning. This part of the system was 

used to plan the assembly of the finished product. The 

manufacture of the product was broken down into a series of 

operations based on the product structure. For each of 

these, a lead time was specified between the operation and 

completion of the product together with information on the 

assembly method and standard times for the operation 

(supplied by T.E.0. and used for targeting purposes). 

This information was digested by the computer to provide 

a basis for the L.o.B. system. 

* The "L.o.B." progressing system was based on the well known 

Line of Balance production control technique. L.o.B. is 

really a stock maintenance system whereby the stock of 

each item, sub-assembly and assembly needed to make a 

product is kept in balanced amounts according to the lead 

time between its incorporation into the product and the 

delivery of the finished product, its place in the product 
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4.4.2 The D-A.S.G. Production Control System Cont'd. 

structure and likely cumulative scrap levels. A prod- 

duction plan is derived from the difference between actual 

stocks and the stock computed to be needed to 

maintain the balance. This difference was computed 

from the planning/methodising information and information 

on the stocks of items passed to the computer via punched 

cards returned from the shop floor. Progress information 

derived from this information was provided by the computer 

in both pictorial form and listings of requirements. 

* Shop Floor Documentation was provided in a number of forms - 

feed sheets to demand items from stores, load cards to 

maintain the information required by the L.o.B. system and 

labels to identify each stocked item. 

Whilst this system had both grown up and been implemented as a patch- 

work and had been found to be unwieldy and limiting in some areas, 

the company's management felt it to be invaluable in the control of 

a highly complex assembly process. They regarded the data in the 

system as the best available in the company in many areas and felt 

that an overall change to the system would prove a long and expensive 

task. 

4.4.3 Manufacturing Division's Production Control System During the 
  

Period covered by this thesis, Manufacturing Division operated a complex 

production control system separate to and different from that operating 

in the rest of D.A.S.G. Known as the "Huizen System", the Manu- 

facturing Division production control system had been developed in 

another part of the Philips Group and transferred to M.E.L. in 1968. 
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4.4.3 Manufacturing Division’s ‘Production Control System Cont'd. 

Appendix 1 gives a full description of the system and its links with 

the organisation, so only an outline will be given here. 

The system was used to manage queues of work in progress ina 

functionally laid out machine shop. Some information was provided 

to aid capacity planning and materials buying. No automated scheduling 

was provided apart from simple back scheduling against the due date 

assuming infinite capacity. Manufacturing instructions were issued 

to the shop floor on computer documents, together with pre-punched 

cards for return of data on times taken, quantity made, etc. Pro- 

gressing was based on due date priorities and information was provided 

by machine section and by customer. The only performance measure 

provided was a simple measure of productivity for each machine section. 

The support organisations in Manufacturing Division had been built 

round the requirements of the system and consisted of a methods 

engineering section and a production control section. The methods 

engineering section worked out the method to be used for manufacture 

from the component drawing. The manufacturing effort needed to 

complete each operation comprising this method was estimated by T.E.0. 

and the due date and scheduling information was added by the produc- 

tion control section. This information was communicated to the com- 

puter and provided the base data for the operation of the rest of 

the system by the production control section. 

The management felt that the system had been well implemented and had 

improved a messy situation which had grown steadily worse during the 
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4.4.3 Manufacturing Division's Production Control System Cont'd. 

period immediately prior to the implementation of the system. 

However, some ongoing problems were experienced with the disciplines 

required for the accurate operation of the system which will be 

discussed in chapter 6. 

4.5 The Group Tehnology Project 

4.5.1 Factors Influencing its Creation During 1973, M.E.L's senior 

management recognised a number of key problems limiting the company's 

effectiveness: 

* the reaction time required to fulfil an order 

* the availability of production capacity at reasonable cost 

* the efficiency of production 

* a scarcity of skilled labour 

* the cost of financing large amounts of work-in-progress. 

The equipment manufacturing market was seen to be becoming steadily 

more competitive and attempts to break into new market areas were 

often severely restricted by the time taken to get new products to 

the customer or to meet new customer orders for existing products. 

These lengthy thru-put times were one of the prime causes of the large 

investment in work-in-progress. 

Situated in the South East of England M.E.L had difficulty in 

recruiting sufficient skilled and semi-skilled labour to meet its 

production targets. Much of M.E.L's metalwork was sub-contracted 

and problems were being experienced with maintaining adequate quality 

and deliveries of the sub-contracted items. Shortages of metalwork 
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4.5.1 Factors Influencing its Creation Cont'd. 

items were identified as being the most common cause of production 

disruption, 

Attempts had been made to increase production by expansion onto 

other sites. A firm specialising in lens manufacture with its 

own metalwork activity, had been taken over and more recently M.E.L. 

had planned to start production on sites originally belonging to other 

parts of the Philips organisation, but difficulties were being 

experienced in managing the problems posed by the geographical 

separation of production units from their parent organisation. 

The scarcity of labour had restricted the management's scope for 

improving efficiency of production by conventional means. The 

management felt that changes would be resisted by the metalworkers, 

and the trade unions had succeeded in negotiating agreements which 

restricted the scope of work study and systems engineers to improve 

the efficiency of the operation. 

These problems were made worse by the problems of small batch 

production and the high degree of technological innovation. 

Group Technology was seen as a portmanteau method for tackling these 

problems. Some experiments had been carried out with group working 

in assembly areas and Group Technology was seen as ai means of 

improving the production situation by modifying the sociological 

structure of the company (thus reducing the labour problem) and in- 

creasing efficiency at both the technological and administrative 

levels. Of particular interest were the dramatic improvements in 

thru-put times and increases in productivity reported in other 

companies involved in Group Technology (9,15). 
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4.5.1 Factors Influencing its Creation Cont'd. 

Applications of Group Technology were seen by Senior Management to 

be of most interest in areas devoted to metal working. Manufacturing 

Division was, therefore, chosen as the area in which to experiment 

with Group Technology before extending into C.A.S.A., then into 

other areas of the company. 

4.5.2 The Project Team Late in 1973, the company decided to examine 

the feasibility of adopting Group Technology as a basis for some of 

its manufacturing systems and set up a project team to conduct an 

experimental implementation in Manufacturing Division. The project 

team consisted of: 

* an external consultant expert in Group Technology 

who was seen by the company as having the best track 

record of successful implementations 

* the Manager of Manufacturing Division 

* a member of the Methods Engineering Section of 

Manufacturing Division 

a member of the company's internal consulting service 

attached to I.S.A. Division. 

The Divisional Manager represented the source of authority to "get 

things done" and clearly had a strong interest in helping to formulate 

any recommendations for change in his division. 

The Methods Engineer had some 15 years experience in metalwork 

Production, was a fully trained toolmaker (and was qualified to 

Operate any metalworking machine on a skilled basis). His 2 years 
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4.5.2 The Project Team Cont'd. 

experience in the Methods Engineering section had made him familiar 

with current working methods and his wide contacts in the factory 

Provided good communication links with the shop floor and other 

production divisions at the working level. 

As the nominated member of the company's internal consul tancy service, 

the author was able to provide experience in the "Management Sciences" 

of numerical/analytical methods of problem solution, the use of 

computers and organisational/systems design. A twofold role was 

seen: 

* to support the Group Technology project in Manufacturing 

Division 

* to become sufficiently educated in the concept of 

Group Technology to act as a "link man" should it 

prove desirable to implement the concept elsewhere 

in the company. 

During the early stages of the project, the I.S.A. Manager (to whom 

he reported) attended the project meetings and provided the authority 

for accessing the company's computer systems. This role was later 

delegated to the author. 

The management felt that the project team would contain a balanced 

nucleus of expertise and authority. The team was created with the 

specific purpose of implementing Group Technology in Manufacturing 

Division, the perceived success of the implementation to be used as 

the basis for later decisions to implement the concept elsewhere in 

the company. 
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4.5.2 The Project Team Cont'd. 

It seems clear that the company was primarily interested in a transfer 

of expertise. Package deals had been considered and rejected. The 

philosophy described in sections 2.3 and 3.2 served to guide the 

motives of the senior management, particularly the Senior Production 

Manager in setting up the project in the manner described above. 
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CHAPTER 5 

USE OF COMPUTERS IN ORGANISATION DESIGN 

5a The Project Plar 

The project team decided to adopt an analytical approach to the 

implementation of a new organisation based on Group Technology. 

A three phase project was envisaged based on the methodology shown 

in figure 15 as follows: 

* Phase 1 Building a data base containing details of 

components classified according to the features 

which should influence their method of manufac- 

ture together with details of current working 

methods (see figure 16). 

* Phase 2 Analysing this data base to develop the Group 

Technology concept, to relate it to the current 

manufacturing system and to propose a new 

organisation (see figure 17). 

* Phase 3 A trial implementation consisting of a simulation 

of the proposed new operating methods and experi- 

mentation with the actual operation of part of 

the trial organisation in order to refine and 

determine the desirability of the new system. 

(see figure 18). This would be followed by 

expansion of the concept to include the whole of 

Manufacturing Division and eventually other areas 

of MEL. 
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5.2 Phase 1 - Building the Data Base 

5.2.1 Specification of Key Products Ina highly diversified multi- 

product company such as M.E.L., a detailed analysis of all products 

may not be possible because of the resources required. Because of 

the limited resources available, the project team decided to con- 

centrate their analysis on those products expected to comprise the 

majority of Manufacturing Division's load during the year 1974/75. 

Accordingly, the combined experience of the Divisional Manager and 

Production Control Manager of Manufacturing Division, together with 

that of the Job Controllers of the major customer divisions, was used 

to specify a short list of five major product ranges on which to 

carry out the detailed analytical phase of the project. 

5.2.2 The Coding Exercise The project team decided to use the Opitz 

coding system (43) as the basis for classifying components according 

to the features which should influence their method of manufacture. 

Component families could then be formed by sorting the components 

according to their Opitz code numbers, since similar parts would 

have similar codes. The Opitz code - see Figure 19 - has the advant- 

age of being well tried and proved and is easily available. 

The code consists of 9 digits, the value of each digit signifying 

a particular feature of the component being coded. The resulting 

code number provides a description of the general geometrical form 

of the component, (rotational, non-rotational, aspect ratios); the 

importance and complexity of its surface features (bores, flats, 

drilled holes, etc.); its approximate size and its source material. 

The external consultant advised that the 9th digit of the published 

code (signifying accuracy) should be sacrificed in favour of including 

a second (the 7th) digit signify 1ng the size of the item along its 
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5.2.2 The Coding Exercise Cont'd. 

minor axis. 

The code, a sample of drawings to be coded and their current 

manufacturing methods were studied to determine the interpretation of 

the code to be used where this was not clear. (When is a bore not 

a bore? What constitutes a functional groove or taper? etc.). 

Minor modifications to the published size ranges were also made 

at this stage (see figure 20), to relate the classification more 

closely to current working methods. 

A scheme was then devised to train mechanical engineering apprentices 

in the use of the code and to ensure the adequate quality of their 

work. 

The Parts List Documentation system (see Section 4.4.2) was used in 

its standard form to specify the drawing numbers of items that were 

both used to make the short listed products and that were desirable 

to be made in the General Machine Shop area of Manufacturing Division 

(see figures1] and 12). It was found that some products were not 

included in the P.D. system data base. In this case, the drawing 

code numbers were extracted by hand. These drawings were extracted 

from the "Master Files" and studied by the apprentices who compiled 

lists of drawing numbers and corresponding Optiz code (G.T.C.) numbers 

onto a suitably designed form (see figure 21). The completed forms 

were encoded onto magnetic tape by I1.S.A. Department's Data Pre- 

paration staff. 
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52.2 The Coding Exercise Cont'd. 

Thus lists of drawings, classified according to the features which 

should influence their method of manufacture were produced in a form 

capable of being easily handled by a computer. 

5.2.3 Data Capture System In order to relate the classified com- 

ponents to current working methods, it was necessary to extract 

data on the current manufacturing method of each component. Data 

needed included - 

* machine types used (lathes, mills, drills, etc.) 

* setting times per batch 

* run times per item 

* quantities made 

The Huizen system (see Appendix 1) contained such data, so it 

was decided to use this system as the source of the data required. 

However, a significant difficulty was encountered. The only data 

held in a form capable of being easily transcribed to the computer 

(magnetic tape) was on jobs currently being processed by Manufacturing 

Division. More data on jobs previously made by Manufacturing Division 

was held on punched paper tape - one tape for each component - in 

Manufacturing Division's internal files of data on some 20,000 com- 

ponents made during the previous 6 to 8 years. To transfer this data 

onto magnetic tape would have entailed a lengthy process using more 

Flexowriter and filing clerk capacity than was available. Experi- 

ments to avoid the copying process by splicing the separate paper 

tapes together into a form capable of rapid and accurate transcription 

onto magnetic tape, proved abortive. 
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5.2.3 Data Capture System Cont'd. 

To overcome the difficulty, a data capture system was devised to 

avoid the deletion of jobs from the Huizen system master file on 

the computer that took place when an item was delivered and to 

capture data on new jobs as they were added to the system as part 

of the normal production control cycle. Because the data capture 

system would be running during most of the Opitz coding exercise, it 

was hoped that significant extra data would be captured on Manu- 

facturing Division's future load so that the extra data (and hence 

Flexowriter and Filing Clerk capacity) that would have to be added 

to the data base as a consequence of the decision to analyse products 

which were part of the future (rather than current) load of Manu- 

facturing Division could be minimised. 

The data capture system proved simple to design. An initial copy 

of the Huizen system master file was made and a program written to 

compare this with the "live" data base as the project proceeded. 

The program would add new jobs, up - date information (received 

via the return of operation cards) on jobs already filed and would 

avoid the normal deletion process occurring when jobs were delivered. 

The process was further simplified by the design of the Huizen system 

which included a speedy recognition Process for each job. A "keyword" 

including the job number, component code number and batch identifier 

was included in the header record of each job. The blocks of data 

pertaining to each job were held in the order of this key word which 

simplified the decision process necessary to recognise a job as "new" 

or "updating". 
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5.2.3 Data Capture System Cont'd. 

Figure 22 shows the flow diagram of system which ran each week for 

the duration of the classification exercise and doubled the quantity 

of data held on magentic tape from some 3,500 to 7,000 jobs without 

the need for any extra Flexowriter or Filing Clerk capacity. Computer 

capacity of roughly half an hour per week was required, but proved 

not to be a constraint. In addition to reducing the work necessary 

to compile data for Phase 1 of the project, the data capture system 

provided a valuable source of historical data for comparison and 

targeting of Manufacturing Division's performance during Phase 2 and 3. 

5.2.4 Code Number Editing and Problems Revealed At the start of the 
  

data .capture and classification exercise, it was hoped that the history 

file produced by the data capture system would contain data on the 

great majority of classified components by the time the classification 

exercise was complete. Accordingly, a system was devised to compare 

the drawing numbers inthe history file with those on the magnetic 

tape resulting from the classification exercise. The drawing numbers 

in both files contained stray characters (/,3, - 5 , etc.) and chara- 

cters that were open to misinterpretation (0 and 9, Z and 2 etc.). 

In addition, the last digits in certain drawing numbers proved to be 

non-significant. These problems could cause failures in the process 

of matching code numbersto combine information held in separate systems 

(e.g. the data base produced by the data capture system and the 

magnetic tape holding the drawing number and Opitz code). Accordingly, 

a program was written to delete the stray characters and non- 

significant digits and convert the characters capable of misinterpre- 

tation to a consistent format. This program followed the usual 

procedure for solving problems of this type and was based on a"look- 

up" table containing all the invalid characters and decision rules to



5.2.4 Code Number Editing and Problems Revealed Cont'd. 
  

recognise and delete the non-significant digits and convert the 

other characters to the standard format. Thus, files containing 

compatible drawing numbers were produced. 

To speed the recognition process, the file resulting from the 

classification exercise was sorted into code number order and read 

into the fast access (core) store of the computer. A program was 

written to compare the drawing numbers in the history file with those 

in the fast access store, delete those numbers recognised from the 

store and, after reading the whole history file, to list those items 

not recognised (i.e. still in store). 

The classified component file contained some 1,860 items, of these 

only 200 were recognised before the editing programs were written. 

After editing the number increased to 600 leaving some 1,260 drawings 

on which no information on current working methods was available in 

a form easily handled by a computer. 

This discovery had two direct consequences: 

* since the sample of 600 drawings on which complete data 

was available was judged to be inadequate, an exercise 

was mounted to extract the relevant paper tapes from 

Manufacturing Division's files and to add these to the 

history file using the data capture system 

* the addition of such large quantities of data not being 

produced as part of the normal production control cycle 

and hence not subject to the normal constraints of 

manufacturing capacity, would have produced a significant 

sno e



5.2.4 Code Number Editing and Problems Revealed Cont'd. 
  

distortion in the loading pattern. This meant that the 

original intention to examine the loading characteristics 

of a new organisation based on the load occurring in the 

time period covered by the history file had to be abandoned. 

Accordingly, the original plan was modified so that these 

loading characteristics could be based on a forecast of 

one year's output of the products specified for analysis. 

5.2.5 Including Product Forecasts in the Data Base Figure 23 
  

shows the system designed to-build product forecasts in addition to 

the Opitz code number into the data base in a manner suitable for 

Phase 2 of the project. 

First, Job Controllers of the Customer Divisions were interviewed 

to obtain the best eailanie estimates of the specified products to 

be made during the implementation phase of the project. (May 1974 - 

May 1975). 

The bill of materials processing facility of the "P.D." system was 

used to "explode" these forecasts to compute the number of each 

component required to manufacture the products. The computing process 

was based on the product structure (see figure 24) as follows: 

A used on relationship was specified whereby the number of a particular 

component including a scrap allowance, required to make a particular 

sub-assembly was transcribed into the section of the data base allo- 

cated to that component. The sub-assembly's relationship with the 

main assembly was similarly specified as was the relationship of the 

main assembly, and the final product or "parent item". The computa- 

tion of the requirement for a particular component was performed by 
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5.2.5 Including Product Forecasts in the Data Base Cont'd. 
  

multiplication of the product requirement and the appropriate rela- 

tionships (R(i;j) in figure 24) together through the "levels" (sub- 

assembly, main assembly etc.). Where the same item was used in 

different parts of the same product a total requirement could be 

computed by sorting into code number order and adding requirements 

at output time. If the same component was used on different products 

this procedure could be quickened by specification of an index or 

"group commoning number" to allow the computer to find the appro- 

priate requirements directly, rather than go through a lengthy 

sorting procedure. 

In addition to the simple calculation specified above, various 

embellishments were available to take into account "spares" - 

extra components and/or assemblies to be supplied with the main 

product; "free" stock - stock available as “left over" from previous 

orders and "E Loan" or stock already manufactured and loaned to 

another product on a return basis. To avoid re-specification of 

these embellishment quantities, a "clean sweep" option was available 

to compute the basic requirements by automatically setting the embellish- 

ment quantities to zero. 

A limitation on the use of the P.D. system was the restriction of 

the computation to four levels. This restriction had required 

Manufacturing Division to be treated as a supplier of complete items. 

Where these items were assemblies, no listing was immediately available 

of their constituent parts. To achieve a breakdown of these 
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5.2.5 Including Product Forecasts in the Data Base Cont'd, 
  

assemblies, Manufacturing Division reprocessed the "extract" 

specifying the items they were due to supply by re-inputting the 

assembly requirement and using the P.D. system to access their own 

separate part of the data base containing details of the constituent 

components and their relationships with the assemblies now defined 

as parent items. The P.D. system then performed a "secondary" 

explosion to compute the component requirements. The obvious modifi- 

cation to the systems design to link the two explosions directly had 

not been performed. However, by use of the system in the manner 

described above, together with a small amount of clerical effort, it 

was possible to generate complete lists of components, supplied by 

Manufacturing Division, defined in the forecast required to manufac- 

ture the set of products. 

Examination of the product structure showed that on only one group of 

similar products was a secondary explosion necessary. Ina few cases 

products had not had their structures included in the P.D. system's 

data base. These products had been controlled by similar systems 

and outputs were available which were used in a like manner to produce 

lists of component drawing numbers together with the appropriate 

required quantities. In all cases, the "clean sweep option" was 

used since modifications to requirements calculated on this basis 

were judged to be small and very difficult to forecast. 

Meanwhile, the standard software of the computer's operating system 

was used to produce a deck of computer cards pre-punched with all the 
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5.2.5 Including Product Forecasts in the Data Base Cont'd. 
  

drawing numbers held on the magnetic tape resulting from the classifi- 

cation exercise. The deck was compiled in drawing number order, 

each component being allocated a separate card. 

The company's drawing numbering system was such that the card deck 

was easy to separate into blocks appropriate to each product. The 

component requirements were then transferred to the cards by I.S.A. 

Department's Data Preparation staff. A simple program was written 

to transfer the component requirements from the cards onto magnetic 

tape together with the code numbers and drawing numbers resulting 

from the classification exercise. 

The final task was the modification of the comparison program used 

to specify coded items not included in the history file of information 

compiled from the Huizen system. The modified program was designed 

to match the code numbers in both files and to write the Opitz code 

number and forecast requirement quantities into spare space in the 

appropriate header record (see figure 23). 

5.2.6 Discussion of Phase 1 Phase 1 lasted some 4 months. In that 

time some 1,860 components were classified by mechanical engineering 

apprentices using the Opitz system, the product forecasts obtained 

and the data base built. The only problem not solved during this 

period concerned a hard core of items on which no information on 

current working methods was available or which were found to be not 

required in the year in question. This situation was caused by 

four factors: 
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5.2.6 Discussion of Phase 1 Cont'd. 

* Manufacturing Division had contracted out large volumes 

of work to third party suppliers wherever the work had 

been suited to production on capstan lathes of greater 

than 3 inch capacity. This policy had been followed for 

some years following a decision to dispense with this type 

of manufacturing facility. The only available methods 

engineering information simply specified that the item 

was to be "off loaded complete”. 

* Similar "off loading" policies had been followed on other 

items when capacity constraints had occurred last time the 

item was made. These capacity constraints had occurred 

in Production, Methods Engineering and Production Control 

areas from time to time and had resulted in a similar "off 

load complete" instruction as the only available methods 

engineering information. In some cases, copies of 

previous layouts with more detailed instructions were 

available, but the lack of the relevant paper tape and 

the shortage of Flexowriter capacity precluded the incor- 

poration of these layouts in the data base. 

* The requirements calculation showed the item was not 

required in the year in question, because some items 

were used only on particular customised versions of 

some products. 

* Some information was missing from both systems (P.D. 

and Huizen) due to minor errors in data transcription 

and misfiling. 
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During the period covered by Phase 1 no appropriate (e.g. Methods 

Engineering) capacity was available to overcome this problem of 

missing information and consequently the project team had to 

manage without it. 

Notwithstanding the above difficulties, at the conclusion of Phase 1, 

the data base contained a hard core of complete data on current 

manufacturing methods, forecast requirements and Opitz code for 

982 items. 

Investigations into the accuracy of the data showed that the Opitz 

classification had been carried out to a high standard of consistency 

(in excess of 90%). Such differences that were found were due in 

the main to differences in interpretation of the code rather than 

mistakes in coding or transcription. These differences were judged 

to be not significant. The product forecasts have since proved an 

accurate statement of the requirements placed on Manufacturing 

Division during the period May'74 - May'75. 

The machine routing and timing information obtained from the Huizen 

system represented M.E.L's current standard of accuracy in methods 

engineering and estimating. Since no objective information was 

available to evaluate the accuracy of this data, it must also be 

categorised as best available information. 

The only major question, concerning the validity of the data base 

as the basis for an analytical exercise resulting in a re-organisation 
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(Phase 2), is the degree to which the "hard core" of components on 

which complete data was available was representative of the work to 

be done by the new organisation. This question is fundamental to 

any scientifically based attempt to introduce Group Technology 

and as such receives surprisingly scant attention in the literature. 

If the data used for the construction of the new organisation is 

historically based, then the best that can be said of any organisation 

resulting from its analysis is that it was most appropriate to the 

time when the data used was "live". Alternatively, if forecast 

data is used, then the new organisation may only be as good in the 

working situation as the relationship between the forecast and reality. 

In the case of this project where historical data, representing 

estimated load times and recommended machine routings, forecast 

data representing requirements, and a potentially biased sample of 

components was chosen, the purest would perhaps question the scientific 

validity of the data. 

Perhaps these difficulties can be overcome by taking an approach to 

this problem based on good engineering practice. No organisation can 

function when no flexibility is allowed and all organisations must 

rely on the "robustness of probability". In other words, it is 

extremely unlikely that the sample chosen will be far from that truly 

representative of reality unless either the sampie is small or the 

business reality exhibits wide variations. 
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The effects of sample bias must be considered on two levels - 

* The product level. Since some care was taken in the 

choice of products to be analysed, sample bias at this 

level is thought not to be serious. Additional confidence 

can be gained from the component family concept. Families 

will contain components from many products and when loading 

is considered from a family point of view, the products 

will each contribute a small part to the constituent 

components and loading characteristics of the family. 

The component spectrum thus represents an average picture 

obtained from a large number of products. Significant 

distortions will only occur when large differences in the 

distribution of component types between products combine 

with large variations in the product demand. 

* At the component level, the only significant bias is thought 

to have been produced by a consistent trend in the off- 

loading policy and consequent missing methods engineering 

information. This trend centred on the consistent off- 

loading of large batch turning work of over 3" diameter. 

The Manufacturing Divisional Manager had decided to buy 

three automatic lathes capable of producing the majority 

of this work in future. Since these machines would arrive 

during the implementation phase of the project, their 

affect on the loading of the new organisation would have 

to be taken into account. Since no methods engineering 
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or estimating information concerning these machines 

or the work to be loaded to them was available, it was 

decided to construct new organisational proposals by 

analysis of the "best available" information in the 

data base and to estimate the effects of the new machines 

during the refinement phase of Phase 2(see figure 17). 

The potential problem posed by possible wide variations in the business 

pattern is of course fundamental and concerns the degree of flexibility 

required from the new organisation rather than its form at any parti- 

cular time. 

After consideration of these points, the project team decided to 

continue as planned with Phase 2 of the project, incorporating the 

suggestions outlined above for handling the problem posed by the new 

lathes. 

5.3 Phase 2 - Analysis and Synthesis 

5.3.1 Component Manufacturing Hours Analysis The first step in the 

development of the Group Technology concept was to access the data 

base to compute the hours required to manufacture each classified 

component. In order to relate the required manufacturing hours 

according to the current working methods with the features which 

should influence the manufacture of the component, the computation 

was designed to relate the required manufacturing hours to the Opitz 

code number of each classified component. 
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The production control system identified over 100 different manu- 

facturing operation types. In order to clarify the results, these 

operation types were analysed and reduced to 8 groups of similar 

operations of major importance: 

* turning 

* milling 

* numerically controlled machining 

* drilling 

* jig boring 

* grinding (surface or cylindrical - differentiated by 
the Opitz code) 

* "sheet metal" - deburring operations were considered 

to be performed by the Sheet Metal section (see Section 

4.3). Note that since no sheet metal components were 

classified, the computation automatically excluded other 

types of sheet metal capacity 

* others. These were operations performed by the 

Processing Department, (painting, heat treatment, 

acid cleaning, plating, etc.), which were excluded 

from the potential re-organisation because the technologies 

were environmentally incompatible with metalworking. 

A computer program was written to access the data base and calculate 

the manufacturing hours required, in each of the 8 major technology 

groupings, to meet the component requirement obtained from the product 

explosion. The same method of calculation was used in this program 

mG See!



5.3.1 Component Manufacturing Hours Analysis Cont'd. 

as in the standard Huizen system, i.e. the currently accepted data 

on set times per batch and run times per component and the same 

calculation routine making due allowance for learning. A facility 

was incorporated to simulate the effect of debatching, but on the 

advice of the external consultant, this facility was not used. The 

flow diagram of this program is shown in figure 25 and an example of 

the output in figure 26. 

Two attempts were made at this stage to produce family groupings 

of components by sorting the output according to the Opitz code 

number of each component. The first attempt involved simply Sap ting 

in order of the Opitz number, the second in the order of: 

1. Opitz code digit 1 - major geometrical form 

2. Opitz digit 6 - size range 

3. Opitz digit 8 - material type 

4. Complete Opitz number 

In neither case were obvious component families found that were large 

enough to use as the basis for a re-organisation. Clearly a "wood 

for trees" problem was being encountered and a method was needed 

to compile families, large enough to use as the basis for a re- 

organisation, from the smaller families recognised from the sorting- 

Process. Attempts to perform this process by hand proved very lengthy 

and if followed would have severely restricted the number of organisa- 

tional options that could have been explored. Consequently, the 

method described below was devised. 
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puting methods have been widely available for about 12 years in the 

U.K. The usual technique is to share a large computer between a s 

number of users on a time sharing basis. The operating system of 

the computer is designed to give each user access via a remote terminal 

(teletype or video) to the power of the whole computer (core and 

peripherals) for a few milliseconds at a time. The power of the 

computer has to be such that within this period significant quantities 

of data can be processed. The processing for each user is done in 

a series of these "time slots" on a rotational basis. Each user's 

time "slot" becomes available so rapidly that the interruption is 

hardly perceivable and each user apparently has immediate and continu- 

ous access to the whole power of the large computer. By this means, 

the extensive delays of batch processing can be avoided. An additional 

advantage of most time sharing systems is that sophisticated aids to 

program development (error flags, editing facilities and pre-written 

programs and sub-routines) are provided by the operating system. By 

the use of such facilities it is often found that the time required 

for program development can be cut from a matter of weeks to a matter 

of hours. Provided large volumes of printout are not required the 

results of a program run are available within a few seconds or minutes 

rather than having to wait many hours or days for the conventional 

batch processing system reliant on job queues. Provided the quantities 

of data to be processed are not excessive, the use of such systems is 

comparatively cheap - say £1 per run of a developed program with say 

100 lines of output and a fair amount of computation. 
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It was considered that interrogation of the data base by such inter- 

active methods could be used to examine, in a short period of time, 

the loading characteristics of a large number of possible family 

combinations. These results could be combined with available 

knowledge of Manufacturing Division's particular situation, the 

social sciences and good engineering practice to establish an optimum 

basis for the new organisational structure. 

The company's internal computer could not offer an interactive access 

facility. Consequently, it was necessary to transfer the relevant 

data to a computer offering this service. The Philips Group operated 

its own time sharing service, available via G.P.0. lines linked to a 

teletype in M.E.L. Unfortunately, speedy options for data transfer 

by way of direct connection of the computers, magnetic tape or machine 

punched cards were found to be technically infeasible. Consequently, 

data was transferred via the teletype using paper tape prepared 

manually "off line" (not connected to the computer, hence no computer 

charges). Data transferred was simply that contained on the output 

of the manufacturing load hours analysis, viz. the component drawing 

numbers, Opitz code numbers and the set and run times in each of the 

8 major machine groupings. The apparently mammoth task of typing 

some 20,000 numbers accurately onto a paper tape occupied 2 people for 

only 3 days. 

The data tape was fed into the time sharing system and validated as 

follows: 
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Hb Syntax errors were eliminated using the editing 

facilities provided by the time sharing system. 

A simple program was written to compute the totals per 

family of the set and run times. These were compared 

with those on the manufacturing hours output. These 

proved perhaps surprisingly accurate, but allowed easy 

correction of a few errors, again via the time sharing 

system editing facilities. 

A program was written to extract and list all peculiar 

items, (e.g. rotational items (Opitz digit 1 < 4) with 

no turning time). The data on these itemswas checked 

against the manufacturing method - no errors were found. 

A second program was written to present a pareto of the 

items by total load hours. The "top twenty" items were 

checked against a hand calculation from basic methods 

engineering information - no errors were found. 

The transcribed data base was now considered accurate. The entire 

Process of transcription, writing and proving the above programs and 

validation took 8 man days. 

A program was then developed to comb the data for items having charac- 

teristics obeying pre-set rules (e.g. similar values of particular 

Opitz digits, similar machines visited, etc.). This program was 

designed to present machine hours grouped by size and material for 

use as a basis for the examination of the loading characteristics of 
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the new organisation. Its flow diagram is shown in figure 27 

and examples of the two alternative outputs available in figures 28 and 

29%, 

5.3.3 Use of Interactive Methods in Cell Formation The facilities 

described above were used to examine the loading characteristics of 

a number of alternative organisations. The structure of each 

organisation was specified and appropriate decision rules to determine 

which-job-should-go-where incorporated into the data combing program. 

The system was used to compute the load, on each part of the proposed 

organisation, broken down by size and material into each of the 8 

major machine groupings described above. The process was repeated 

iteratively until a number of viable alternatives had been examined 

fully. In order to illustrate the process, a worked example is given 

below: 

5.3.3 1. Organisational Structure - Four production cells 

* Two turning cells 

* One milling cell 

* One N.C. cell 

5.3.3 2. Decision Rules 

* Turning Cell A - devoted to machining short rotational 

parts of less than 1" in diameter. Appropriate 

selection criteria were: 

Opitz digit 1 <2; Opitz digit 6 = 0; N.C. Hours = 0 

* Turning Cell B - devoted to machining shafts, 

"difficult" items (awkward but basically rotational 

shapes) and all rotational items over 1" in diameter. 

Appropriate selection criteria were: 

2s Opitz digit 1< 4; N.C. Hours = 0 plus 

Opitz digit 1< 2; One digit 6>0; N.C. Hours = 0
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* Milling Cell - devoted to machining all non rotational 

items not currently being specified for manufacture 

on N.C, machines. Appropriate selection criteria 

were: 

Opitz digit 1> 5; N.C. Hours = 0 

* N.C. Cell - devoted to the complete machining of 

all items currently specified for manufacture on N.C. 

machines. Appropriate selection criteria were: 

N.C. Hours > 0. 

Figures 30 - 34 illustrate the depth of analysis possible and stages 

in the iterative process leading to the specification of a Milling 

Cell separate from an N.C. Cell. A similar process was followed 

for rotational items leading to the specification of the two Turning 

Cells (see figures 35 and 36). 

By expanding the selection criteria it was possible to obtain rapid 

answers to questions such as - 

“What effect on the total loads of Turning Cells A and B 

is produced by sending all items requiring grinding that 

would normally be sent to Cell A to Cell B"? 

(Grinding presented a problem because a high degree of skill was 

required to set the machine, but the load presented to it was too 

small] to warrant a skilled setter in each cell). 

This was simply obtained by adding the following selection criteria 

to the selection rules listed above. 
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Turning Cell A: Grinding Hours = 0 

Turning Cell B: Opitz digit 1< 2; Opitz digit 6 = 0; 

Grinding Hours> 0. 

Another modification tried was to incorporate the effect of debatching 

into the loading calculation (the original calculation assumed the 

total component requirement for the year was produced in one batch). 

Whilst it could have been possible to go to the sophistication of the 

learning allowance described in Appendix I , a simple estimate of the 

effect of debatching was chosen that could be obtained by adding an 

extra setting time each time the load time exceeded a preset value. 

The relationship 

E98) (1, © INT ((R/X) oe) R 

was used where the load time (L) represented the given function of the 

setting time per batch (S), the total run time for the quantity 

required to meet the year forecast (R) and the maximum batch hours 

allowed (X). An example of this effect is shown in figure 33. 

By use of such interactive interrogation of the data base, it was 

possible to investigate the characteristics of a large number of 

organisational options both extremely rapidly and in great depth. 

The results described above took less than 1 hour to obtain (although 

the graphs shown in figures 30 - 35 took a little longer to plot). 

This compares with some 5 man days to compile a single analysis by 

hand. The computer method has the advantage of accuracy over the 

hand method, when fatigue or carelessness could cause mistakes in 

addition and items to be missed or included wrongly. The amount of 

effort ina hand calculation would probably have limited the examina- 

tion to one or two alternatives, with no great detail possible in the
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investigation of alternative loading rules. 

5.3.4 Evaluation of Intangibles The analyses provided by the 

computer painted only part of the picture. In order to evaluate the 

more intangible benefits and constraints produced by the various 

organisational proposals, the project team decided to discuss the 

information produced with groups of staff liable to be affected by 

the changes envisaged. 

To limit the amount of data needed to be digested in these discussions, 

an "evaluation matrix" was used to select the more promising organisa- 

tional proposal. This proposal could then be discussed in detail 

with the staff affected and information on the alternative organisa- 

tions used as background if required. 

Factors affecting the desirability of a new organisation were listed 

and weighted according to their probable relative importance (according 

to the author and the Methods Engineer). Each alternative organisa~ 

tional proposal was scored according to its desirability with respect 

to each factor. A total score for each proposal was obtained by 

summing the products of the factor weights and the scores. The most 

desirable organisation was defined as the one with the highest score. 

This method has been used by Muther (30) to evaluate alternative 

layout proposals. The method was found to be a clear and speedy 

method of selecting an optimum. Its limitations are, of course, the 

subjective selection of the factors, the factor weights and the scores. 

It must, therefore, be classified as a quasi - objective means of 
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assessing a subjective thought process. However, it is believed 

to be at least one degree better than the even more subjective, less 

clear and sometimes slower process of selecting that which “seems 

to be best", without troubling to list the selection criteria, or 

considering their relative importance. 

5.3.5 Interesting Considerations Apart from leading to the organisa- 

tional proposals in the manner outlined above, the load analysis 

revealed a number of interesting considerations. Some of these 

are listed below. 

* The 982 items analysed in depth accounted for some 

28,000 hours work or the equivalent of roughly 193 

Operators. (The current loading rules assumed each 

Operator contributed 1,440 effective hours per year). 

The Divisional Manager and his Production Control 

Manager estimated this to be 60-65% of their expected 

load. Whilst less than the 80-85% hoped for at the 

product selection stage, due in the main to the 

missing data described in Section 5.2.6, the sample 

accounted for a very significant part of the expected 

load. 

* The work was split almost evenly between rotational and 

non-rotational items (see figure 37) although the missing 

data (largely due remember to large batch turning work 

"off loaded") must have decreased the predicted rotational work 

load. The purchase of three plugboard automatic lathes 

would mean that this work would in future be done “in- 

house". To cater for this, the staff of the two Turning 
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Cells was to be increased to provide more capacity 

on subsidiary machines. One extra operator in each 

cell was judged to be adequate. 

* Pareto analyses (see figures 37 and 38) revealed no 

obvious flow lines possible in the Turning and Milling 

Cells. The 9,566 hours work accounted for by only 34 

items combined with the tendency towards larger sized 

work may be indicated a potential flow line in the 

N.C. Cell. This area was not under the aegis of the 

project team, but the information was forwarded to the 

relevant manager, 

* A large quantity of stainless steel work was shown to be 

required from both Turning Cells (See figures 35 and 36). 

Supervisors and Unions considered this to be a significant 

increase over the present load. The technological 

capability of M.E.L. to deal efficiently with this problem 

was questioned, and an investigation into special purpose 

tooling and better purchasing policies recommended. 

* There was a marked lack of special purpose turning - i.e. 

very little screw cutting, taper turning or functional 

grooving. This contrasted with the provision of facilities 

to perform these tasks on almost every lathe in the shop. 

* The items analysed were of small size (no rotational item 

over 16" and only 2 over 6.5" diameter). The largest 

non-rotational item encountered would have fitted easily 

into a 25" cube. 
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* The size range and low requirement for special purpose 

turning resulted in a recommendation to purchase short 

bed lathes with minimal facilities when replacement or 

expansion of the current tooling was considered. 

At this stage, the proposed organisation was considered by the project 

team to give sufficient scope for the exploitation of the benefits of 

parts family manufacture without demanding too much in terms of multi- 

skill/flexibility or over specialisation on behalf of the operators. 

5.3.6 Sociological Problems The proposed new organisation was laid 

out using wooden models (constructed by the ubiquitous apprentices) 

ina 3 dimensional layout (see figure 39). The model was used as a 

basis for discussions with the Supervision, the Trade Unions and the 

support organisation (Methods Engineering and Production Control). 

Whilst accepting the proposals as good, Supervision was clearly 

unsure of its new role and fearful of changes that could lead to 

organisational independence of the cells from the Supervision. They 

could not see through to a new role in supporting the cells, either 

technically or in an entrepreneurial sense and may well have seen their 

jobs disappearing. 

The Trade Unions were worried about the extent of specialisation to 

be demanded by virtue of the component family concept. Theyalso 

expressed concern about the possibility of management setting up a 

competitive situation between cells. Whilst prepared to "go along" 

with the change, they reserved their rights to negotiate. 
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The Methods Engineering and Planning Sections were asked to help in 

evolving their new roles in an organisation based on Group Technoloav’ 

The staff involved seemed generally quite positive in their attitude 

to the forthcoming change but, possibly due to lack of experience, 

they felt unable to contribute a great deal to initial discussions. 

During the period in which these discussions were taking place, many 

of the organisational changes mentioned in Chapter 4 took place. The 

most important of these was the resignation of the Senior Production 

Manager, who had provided much of the impetus behind the project. 

Without his authority, the project team lacked sufficient backing to 

negotiate payment for the flexibility required to support the new 

system. Without this payment, the Trade Unions refused to become 

"flexible" - to operate more than one machine in normal working hours, 

although they agreed to flexibility in overtime. 

To cope with this problem the project team decided on the followi ng 

plan: 

1, the two Turning Cells would be combined into one, 

which would increase the load to the supporting mills 

and drills sufficiently to warrant one operator full 

time on each machine type 

2. the initial implementation would be limited to the 

Turning Cell for a period of at least six months, 

which would allow all involved to become accustomed 

to the new system and give time for coping with some 

entrenched attitude problems 
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3. an economic experiment would be conducted to demonstrate 

the viability of the new organisation to management and 

to clarify the problem of payment for flexibility. This 

demonstration was also necessary because of the changes in 

senior management that took place during the implementation 

(see sections 4.2.2 and 7.1). 

4. The modifications to the production control system required 

to support an organisation based on Group Technology, would 

be tried out in the Turning Cell so that extension of the 

concept to the rest of Manufacturing Division, could be 

managed more smoothly. 

Agreement to proceed without flexibility was obtained from the Trade 

Unions, the Supervision and Support Staff agreed to give the trial 

cell a “fair try". A revised layout plan was produced (see figure 40) 

and the appropriate machines moved to create the Turning Cell. 
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CHAPTER 6 

MODIFICATION OF A PRODUCTION CONTROL SYSTEM TO ACCOMMODATE 
GROUP TECHNOLOGY 
  

6.1 Introduction 

In batch/jobbing production, control systems are generally designed 

for the management of queues of work-in-progress in a functionally 

laid out shop. The implementation of Group Technology poses three 

particular problems to the production control systems designer. 

First, in the Group Technology situation, the queues of work-in-progress 

may be too short to make production control via their management a 

viable proposition. Secondly, the re-layout of the shop floor may 

so complicate the computer's model of the organisation that it becomes 

necessary to change the system to suit the organisation. Thirdly, 

the importance of sequencing to exploit parts family manufacture and 

the short thru-put times on the shop floor places a new emphasis on 

marshalling materials and tools before the job commences and on 

avoiding disruption to the production plan once the job sequence is 

commenced. The existing system may not be adequate to cope with 

this change of emphasis or give sufficient assistance in designing 

good job sequences. 

This chapter describes how a conventionally designed production control 

system was modified to accommodate the changes imposed by a re- 

organisation based on Group Technology and how certain improvements 

were incorporated in the information provided by the system to cope 

with the problems and opportunities presented by the new methods. 
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6.2 "The Huizen System" - Design and General Problems 

Appendix 1 describes the production control system and its links 

with the organisation. 

The system was of fairly conventional "first generation" (tape based) 

design and was intended for control of jobbing production via 

progressing on a simple due date basis. There were no direct links 

with forecast sales of finished products or information on their 

stocks and work-in-progress in the customer divisions. The manage~ 

ment regarded the flow of orders as random and unpredictable and so 

control was strictly on a jobbing basis with few efforts to minimise 

costs by the use of either Economic Batch Quantity or Period Batch 

Scheduling techniques. 

In addition to problems associated with the design of the system, a 

number of problems were being experienced with its operation which had 

remained unsolved since the system had been implemented some years 

previously. The main such problems were: 

* the capacity planning, whilst based on a good picture 

of the estimated load IN THE SYSTEM took no proper 

account of a sometimes significant amount of work loaded 

direct to the shop floor, bypassing the normal methodising 

and production control processes, for reasons of urgency 

but increasing the complexity of the control task. 

Capacity was allowed to cope with this work by degrading 

the amount of work assumed to be produced by each operator 

but no information was used to assess this capacity other 
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than a simple guess that each man produced 30 standard 

hours per week of work "in the system". 

The capacity planning process was known to be suspect 

and customers sometimes took advantage of this by taking 

work turned down (for reasons of lack of capacity) by the 

production controller, direct to the shop floor, where 

they stood a good chance of getting it done. 

* There was a lack of confidence in the estimating process. 

N.B. Estimating was done by T.E.0. - not Manufacturing 

Division. Factors influencing this included: 

a) insufficient detail in the methodisation for T.E.0. 

(see Chapter 4) particularly feeds and speeds 

b) Manufacturing Division's lack of confidence in the 

estimator 

c) supervision failing always to enforce the stated 

method and operators ignoring it at times 

d) management failing to audit the process sufficiently 

regularly to overcome the problems. 

* Some operators failed to feed back accurate data to the 

system. Operations could be "clocked off" when they 

should have finished rather than when they actually 

finished. Efficient operators could thus generate some 

spare time and poor operators were sometimes not called 

to account for taking longer than they should on particular 

tasks. On occasions, an estimator could be asked to re-time 
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the job on the basis of the method being used rather than 

that specified. If the difference in methods was the 

major cause of the excess time, the next time the job 

was made by an efficient operator even more spare time 

could be generated. 

* Whilst lateness in arrival of materials was recognised by 

the system in time for a progress chaser to take action, 

lateness of tools often went unrecognised. This problem 

was made worse bya policy of storing some tools in a ware- 

house 10 miles from the shop floor. No system was avail- 

able to forecast which tools would be required and when. 

* The company was used to jobs having a long thru-put time and 

to a general failure of Manufacturing Division to meet 

delivery dates. The customer divisions tended to ask for 

jobs long before they needed them which may have resulted 

in more work than necessary being off-loaded and a higher 

than necessary stock of finished parts. These problems 

were not visible because no information was available on 

them and the lack of visibility removed much of the pressure 

to improve from Manufacturing Division. 

Notwithstanding the problems, the system coped fairly well with a 

complex control task. The management felt that the system had pro- 

duced a good measure of control where very little had previously existed. 

6.3 Particular Problems vis-a-vis Group Technology 

The implementation of Group Technology produced a number of specific 

problems associated with the Huizen system, These problems are 

outlined below: ined below Nanas



6.3.1 Organisation of Information The information output from the 

Huizen system was structured to support production control of a 

functionally organised machine shop via the management of inter- 

operation queues. The functional structure was also reflected in 

the organisation of data input to the system. 

The move to a cellular organisation required some considerable re- 

structuring of this information to maintain and possibly improve 

control whilst avoiding an increase and hopefully stimulating a 

decrease in the administrative effort required to run the system. 

The restructuring was needed in most parts of the system including 

capacity/load planning; scheduling; progressing and performance 

measurement , 

6.3.2 Tight Scheduling One of the main objectives in moving to a 

cellular organisation was to reduce the shop floor thru-put time. 

The achievement of this objective required a considerable reduction 

in the queue times allowed between operations. 

The scheduling prior to the re-organisation usually allowed 1 week's 

queueing between each operation. The work queues generated by this 

rule allowed many problems to remain invisible. For example, 

operators taking longer than the estimated time for a job, would 

probably not disrupt the schedule since they would simply eat into 

the queue time for the next process by a smal] percentage (queue 

times were much longer than operation times). Whilst a general 

slackness would increase the backlog of late work, this was catered 

for by reducing the amount of work accepted or by sub-contracting part 
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6.3.2 Tight Scheduling Cont'd. 

of the backlog to outside suppliers. Loose scheduling also allowed 

more time for coping with such problems as tool breakages, wrong 

materials or tools supplied, operator absenteeism, machine breakdown, 

etc, 

A target of 1 day's queueing between operations was selected for the 

new organisation. This target seemed consistent with the reductions 

in lead times and work-in-progress claimed by other companies using 

Group Technology, but placed a new emphasis on Manufacturing Division's 

ability to solve problems fast enough to avoid disruption of the 

tighter schedules. 

The shorter job queues also meant that the twice weekly update of 

information provided by the system was no longer sufficient to keep 

pace with one operation per day. The extra computing capacity and 

difficulties in speeding the flow of information to and from the 

computer meant that simply moving to a daily update was not possible. 

6.3.3 Sequencing To exploit the concept of parts family manufacture 

in an environment where the families are too small (for reasons of 

either the lack of parts standardisation or the lack of suitable 

composite tool rigs) requires that some attention is paid to the 

sequence of jobs that are submitted to each machine. If this is not 

done, then little or no benefit from reductions in setting time will 

be obtained. 
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An additional need for a planned sequence of jobs is generated by 

the effects of machine interference. With long inter-operation 

queues, each machine is buffered from the others by the queues. 

If the queues are shortened without attention to the job sequence 

the situation may arise where a job must be idle because no machine 

is available to work on it or a machine must be idle because all the 

jobs for it are still undergoing processing on other machines. Thus 

machine interference can cause unplanned job queues and idle machines 

if no proper’ account is taken of the job sequence. 

The Huizen system contained no facilities for sequencing. Solution 

of the sequencing problem by more exact scheduling was not feasible 

because: 

* the finest schedule available from the computer could 

only be defined to the nearest 3 day (most operations 

took less than 2 hours) 

* no facilities were available to examine the effects of 

machine interference in a job sequence 

* no rules were available to design sequences in the 

on-going working situation. Any sequence would have to be 

produced by trial and error which would be very long 

winded if supported by batch processing in the computer. 

6.4 Modifications to the System 

To overcome the problems outlined above, the production control system 

was modified and extended as described below. There were three 

factors constraining the possible extent of the modifications. 
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6.4 Modifications to the System Cont'd. 

First, some customers required proof of the actual time spent ona 

job. Consequently, it was not possible to consider control at any 

but the individual operation level. Secondly, the expense of a 

new or completely reorganised system was not seen to be justified 

by the management. Thirdly, the difficulties of implementing 

major perceived changes in the control system in the support organisa- 

tion which had been built up round the Huizen system, were recognised 

as a problem to be avoided, at least until the shop floor changes 

had been fully implemented. The possibility of using a completely 

new system was therefore ruled out by the management who also felt 

that the reorganised Huizen system should be capable of supporting 

the cellular organisation with the cells treated as fairly self 

sufficient businesses Gite the necessity of significant extra 

modifications to the system at a later date. The objective of the 

modifications was therefore to modify the system to support Group 

Technology, minimising any basic changes to the system or to its 

surrounding management processes. 

6.4.1 Re-organisation of Information - Basic Problems and Solutions The 
  

basic problem of reorganisation of information was that of enabling the 

computer to recognise a group of operations on any job as belonging to 

acell. Simple solutions such as including a cell identifier in 

the header or operation records on input were felt to be infeasible 

because: 

* the computer's input devices (Flexowriters) had no spare 

space in their input formats. Any extra information input 

would have necessitated extensive re-programming of the 
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6.4.1 Re-organisation of Information - Basic Problems and Solutions 
Cont'd. 

Flexowriters and the validation and screening parts of 

the Huizen system 

* whilst some data on jobs previously processed by 

Manufacturing Division had been accumulated by use of 

the history file, described in section 5.2.3., much of 

the data was still held in the form of individual 

paper tapes which would have required modification if 

this method was adopted. 

* jt was hoped that extra effort associated with the 

cellular system in the production control and planning 

sections could be avoided particularly in view of the 

already unwieldy nature of the processes surrounding 

the system (see Appendix 1). 

Anattempt to mechanise this decision making process was therefore 

made, 

At first it was hoped that the Opitz code could, with some minor 

modifications, form the basis for the processes. However, a study 

of some 300 sample layouts showed this to be infeasible because: 

* over half the jobs studied under-went some form of 

painting or chemical processing. There was no infor- 

mation on such processing in the Opitz code 

* there was an important administrative difference between 

N.C. milling and ordinary milling (a different Division 
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6.4.1 Re-organisation of Information - Basic Problems and Solutions 
Cont'd. i 

and hourly rate), although both were controlled via the 

Huizen system. The Opitz code did not distinguish 

between the two types of milling 

* 60% of jobs were sheetmetal. The Opitz code contained 

no information on sheetmetal work 

* apart from processing, some 20% of jobs were required 

to visit more than one cell during their manufacture. 

Whilst it might have been possible to overcome some of 

these difficulties by adjusting the cellular structure, 

some hard core problems would probably always have 

remained because of particular manufacturing problems 

(e.g. surface’ grinding on cylindrical parts) and particular, 

Specialist machines that would have been difficult to 

divide amongst cells in an organisation of Manufacturing 

Division's size (e.g. 3 jig borers needed by 8 cells). 

The Opitz code is fundamentally associated with the geometry and surface 

features of a component. As such, it appears unsuited to the solution 

of detailed routing problems. 

Since the Opitz code appeared unsuited to this task, a solution was 

sought via the "machine group number", This three digit number was 

associated with each operation on every job and was the existing means 

whereby the computer structured its information, There were two key 

problems surrounding the use of the number: 
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Cont'd. 
  

* a single number was allocated to each machine type - 

Drills = 085, Jig Borers = 088. Because machines of 

one type could appear in more than one cell, no simple 

solution via the existing information structuring mechan- 

ism was available 

* changes in the allocation of the machine group number 

were difficult because of the limit on the numbers 

available (200) and the large amount of data held 

on individual paper tapes. Any change would have 

required extensive editing and modification of the 

information both in the paper tape data bank and on the 

computer files. Such an exercise would have put an 

unacceptably large load on Production Control staff. 

Consequently, an attempt was made to solve the problem of information 

re-structuring by building a decision process into the Huizen system 

whereby the cells could be recognised from their constituent (and 

existing) machine group numbers. 

Use was made of the "rates routine file" which contained data to 

support another system associated with cost allocation. With some 

minor modifications to the existing supporting software, this file 

was capable of holding data structured as shown in figure 41, viz 

cell numbers and names together with the numbers and names of the 

machine groups comprising the cell, 
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6.4.1 Re-organisation of Information - Basic Problems and Solutions 
Cont'd. 

A link was built between this file and the Huizen system input programs 

to build up a sorted core table (for fast access) of the machine 

groups in each cell e.g. 

CELL NO. 

332 

NAME CONTAINS MACHINE GROUP NUMBERS 

Turning Team 030 052 060 061 052 

063 064 065 066 070 

075 076 080 085 090 095 

The acceptance program of the Huizen System which passed validated 

data from the paper input tape to the main system data file was then 

modified to include the following routine. 
  

  

STEP ACTION 

Vs Read a data on a job into core. 

ae List all machine groups visited up to the first inspection 

operation or end of cell operation (see below) into a (core) 

table. 

3. Sort the table-into numerical order and count number of 

groups (N). 

4, Compare table of machine groups required for this part of 

the job with table of groups occurring in each cell and 

score "hits" (machine groups needed occuring in cell 

for each cell (Hj)). 

So If a) all Hj < N reject job and record on error list 

b) Hj = N for one cell only,add cell number to each 

operation record covered in this list. 

c) Hj = N for more than one cell go to default option 

(see below) and print warning on error list. 

6. | Repeat steps 2 to 6 for the next list of operations until 

| all operations on the job have been exhausted. 

q. Repeat steps 1 to 7 for all jobs input.         
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The flow diagram of this program is shown in figure 42. 

Via this process, most jobs were passed to the data files with 

the cell number appropriate to each operation recorded against the 

operation's data. Some jobs could be made by more than one cell, 

so a routine was designed to cope with these on the basis of a 

“default option". At the time of writing, the only potential 

confusion lay with items that required milling and/or drilling only 

on machines that occurred in both the Turning and Milling cells. 

For simplicity, it was decided to load all these jobs to the Milling 

Cell. Some layouts were found where a mechanical inspection did not 

form the natural dividing point between cells. In those-cases where 

it was felt logical to have an inspection (because of the plan to 

make cells responsible for their own quality) an inspection operation 

was added. In some cases, an inspection operation would not have 

been warranted and, in these, an artificial inspection operation was 

added and named an "end of cell operation". This was needed in only 

5% of jobs. 

In both cases, no re-programming of the input devices was necessary 

since the information to be added had the same structure as that 

already entered via the Flexowriters and input programs. 

Whilst the total number of jobs requiring some form of correction 

was in the region of 25%, very few proved necessary because of the 

system's decision making process, most being due to either failure to 
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6.4.1 Re-organisation of Information - Basic Problems and Solutions 
Cont'd. : : co ‘ 

include appropriate inspection operations when jobs had been 

previously loaded, or new inspection requirements because of the 

plan for cellular accountability. 

The mechanism provided the basis for the restructuring of information 

output from the system necessary to einpore Group Technology. No 

re-programming of the input devices was necessary and the adjustments 

to the input programs wereminimised. The modifications to the data 

bank of paper tape were reduced considerably to a level that could be 

coped with by the existing production control staff. 

Use of the rates routine-file provided an independent means of 

adjusting the computer's model of the organisation to keep pace with 

any future changes without the need for modification to any programs 

in the Huizen (or any other) system. 

Examples of the use of this solution to the routing problem, in the 

restructuring of the information Provided by the system to support 

the cellular organisation and to reinforce the benefits from Group 

Technology, are given below. 

6.4.2 Modifications to the Capacity Loading Scheduling Process 

Figure 43 is an example of a "load chart" - the information used 

by the production controller when negotiating due dates with the 

customer divisions. The existing load on each machine group ina 

Section was shown as a function of time. All overdue work was shown 

as "backlog". Any work due to be performed during the four weeks 

after the printout was produced was shown in the week concerned, 
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Work planned for the next 11 (4 week) months, was shown by month 

and any work scheduled more than 12 months ahead was shown as "forward 

load". A continuous decimal week numbering system was used and the 

load information was derived from the estimated load time for each 

operation, 

Figure 44 is an example of the revised format of this information 

used after the implementation of Group Technology. The new load 

charts were planned for each cell together with an overall chart 

displaying the total load for Manufacturing Division. As can be 

seen, the important concepts underlying the original version have 

been preserved, but some key refinements have been introduced to 

support Group Technology. These refinements were: 

* the information was organised on a cellular basis. 

It was hoped that, by. this means, not only would the 

load to the cells be better planned, but also the path 

to management of the cells as small business would be 

eased by promoting the cellular thinking of the 

production controllers. The new format could be used, 

either with the current organisation of production control 

staff or with an organisation based on more autonomous 

cells where some production control staff formed part 

of the cell. 
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6.4.2 Modifications to the Capacity Loading Scheduling Process Cont'd: Be Oa Bt ene es 

* the planned load was broken down by machine type with the 

machines arranged in the most likely job processing sequence 

reading from the left. It was hoped that this informa- 

tion would help the schedulers to balance the load to 

each machine type to minimise the requirements for operator 

flexibility. 

* the planned load was compared with a crude estimate of 

available capacity (using the 30 hours/man/week rule) as 

before. An indicator (+) was provided to highlight the 

month when the notional capacity exceeded the planned 

load to assist the production controller in his negotia- 

tions on due dates. 

A suggestion that the capacity planning process should be refined, 

either simply by indicating the nominal capacity of each machine type 

or by using a more sophisticated figure computed from an analysis of 

the trends of current performance was rejected as an over complica- 

tion that might distort the proper running of the cell. 

In addition to modifying the information supporting the negotiations 

of due dates and long term scheduling, a key change was made to the 

definition of the due date itself. Prior to Group Technology, a 

due week was agreed. This seemed to be an undesirable contraint 

because: 

* dividing jobs into weekly "piles" gave insufficient 

scope for making parts in families 

* the due date was agreed many months in advance when the 

planning of the customer divisions was usually not well 
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defined on the job concerned and, in the case of new jobs, 

Manufacturing Division's estimate was simply a crude guess. 

Considerable departures from the due date achieved by 

Manufacturing Division often went unnoticed by the 

customer divisions indicating that to tie Manufacturing 

Division down to a due week at this stage, was unnecessary. 

Therefore, to increase the scope of parts family manufacture, the 

due date was defined as a due month. To allow for better planning 

in the customer divisions and to keep pace with changing priorities, 

more use was planned of an existing re-scheduling aid to change the 

due date of a job after it had been input to the Huizen.system. 

The old scheduling rule (back scheduling 1 week per operation of 

30 hours or less and thereafter 1 week per 30 hours allowing 4 weeks 

contingency) was changed to back-scheduling of 1 month per cell visited, 

assuming that all operations within a cell could be completed within 

the month. The four weeks contingency allowance was preserved and 

the existing practice of down batching to keep operation times below 

30 hours was encouraged. Inter-operation queue times of 1 day were 

allowed instead of 1 week. 

6.4.3 Modifications to Tool Marshalling - The "Tool Ready Card" The 
  

existing practice of ordering materials and tools was preserved (see 

Appendix 1) but the control of tool requirements was tightened. Use 
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6.4.3 Modifications to Tool Marshalling -'The "Tool Ready Card" Cont'd. 
  

was made of an existing facility indicating the availability of 

materials by return of a “material ready card" (see Appendix 1). 

This facility was extended to indicate "tools" ready. Cards similar 

to the material ready card were to be produced by the computer for 

each special tool required. The cards were returned to the tool 

storeman (who controlled all special tools) when he had received the 

appropriate tool from either the tool room (new) or the long term 

(existing) store, Where a tool was already in the store or (rarely) 

needed on more than one job in a given month, a simple labelling 

system was used to reserve the tool and prevent its return to the 

long term store, The tool ready card acted in the same way as the 

material ready card, i.e. preventing generation of the work packet 

and controlling the appearance of the item on shortage lists. 

6.4.4 The Work Issue List Appendix 1 describes the "Work Issue List", 

the document used to guide all Manufacturing Division's short term 

loading and routine progress actions (see figure 45). The Work 

Issue List suffered from 4 disadvantages from the point of view of 

Group Technology: 

* it was not suited to the cellular organisation because 

it was designed to cover progress of materials and work 

for the whole Division and was orientated round the old 

machine group concept. 

* the structure of the document was not supportive to parts 

family manufacture because no information was given to 

aid division of components into families 
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6.4.4 The Work Issue List Cont'd. 

* Production of the list each week matched the 1 weeks 

queue between the operations under the old scheduling 

rule but could not cope with the 1 day queues demanded 

in the new situation. 

* No information was given to aid marshalling of tools 

Accordingly, the information on the Work Issue List was restructured 

ona cellular basis and printed on separate documents produced to 

guide the functions of: 

* material and tool marshalling/chasing 

* short term loading/job sequencing 

* shop floor progressing. 

6.4.5 Material and Tool Marshalling/Chasing - Shortage Lists Figure 46 

shows the shortage list designed for marshalling and chasing materials 

and tools for each cell. Items would appear on the list if their 

appropriate "ready" cards had not been returned within 4 weeks before 

they were shown to be needed. The "remarks card" facility was included 

to cater for known reasons for the shortage occurring outside the 

control and responsibility of Manufacturing Division. 

6.4.6 Short Term Loading - The Work Availability Listing Figure 47 
  

shows the document devised to aid the short term loading and sequencing 

processes. The Work Availability List was designed to give each cell 

a picture of the forward load of jobs for which materials, tools and "work 

packets" were available. Where items were being worked on before 

becoming available to the cell, the previous cell's number was provided 
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to guide progressing effort if necessary. For similar reasons, 

if the job was due to go to another cell, subsequent to being 

completed by the cell concerned, the subsequent cell's number was also 

shown, 

To aid parts family manufacture, the Opitz code was printed. 

Although, at the time of writing, the concept was insufficiently 

developed for any decision to be made on the appropriate sort sequence 

of the code, an option for sorting on up to 3 digits of the code 

was included, 

The Work Availability List allowed the shop loaders to use the work 

packets similarly to the way they had used them before Group Technology, 

whilst aiding the process of sequencing. 

[The combination of material and tool shortage lists and work avail- 

ability lists for each cell produced a much more manageable set of 

information more appropriately organised to guide the necessary 

marshalling, loading and chasing actions and was more supportive to 

the concepts of parts family manufacture and cells as semi-autonomous 

businesses. Further assistance was, however, necessary to aid job 

sequencing in the cells. 

6.4.7 An Aid to Job Sequencing The “Ouija Board" as this aid was 

dubbed by the Shop Loaders, was designed to help overcome the 

difficulties of job sequencing to avoid machine interference and 

Promote parts family manufacture. It was based on the well known 

Gannt Chart (44) - see Figure 48. 
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Steel sheets 8 ft. x 4 ft. were painted white and ruled horizontally 

and vertically to forma grid. Each cell was provided with two of 

these sheets on which to plan 14 days work. Each machine in the 

cell was listed at the left of the sheet so that the vertical rulings 

could represent elapsed time in } hour steps. Coloured magnetic 

strip was cut into lengths representing various times from 3 to 4 

hours and stored in divided trays for easy access. 

Work packets were selected into families using the work availability 

list and a judgement of the likely family relationships. Initial 

experiments isolated change of material as the major cause of delay 

in re-setting a machine so the colour of the magnetic strips was 

made to designate material type as follows: 

Green - aluminium 

Yellow - brass 

Red - stainless steel 

Brown = fibre or plastic 

Black - mild steel 

White - other 

Machines were then allocated to jobs by placing appropriate lengths 

of magnetic strip against the machine to be used to represent the time 

for which it was to be allocated to the particular job concerned. 

The job number was written on the strip for identification purposes. 

The strips were placed on the boards and moved until the best looking 

sequence had been obtained for the 14 day's work. This program was 
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agreed between the production controller and the cell supervisor 

and up-dated each week to allow for slippage, absenteeism, breakdowns, 

etc. and to incorporate the next 5 days work. Once agreed, the 

sequence was not to be disrupted without the agreement of the 

Divisional Manager. 

The sequencing aid proved very successful in highlighting the 

conflicting problems of a short term production plan with minimum 

inter-operation queueing. A particular problem proved to be the 

lack of flexibility of operators who were at this stage unwilling to 

operate more than one type of machine. A key objective of the 

sequencing was therefore to maintain a load on the subsidiary machine 

operators whilst preserving the full loading of the lead ‘machines 

and obtaining at least some of the benefits of parts family manufac- 

ture. Whilst this objective asked much of the production controller 

involved, with some assistance on technical decisions from the 

planning engineers and supervisors, a workable sequence soon proved 

relatively easy to establish after a few triesand a number of minor 

adjustments. Although the sequences produced in the working situation 

were probably not the optimum, considerable improvements were noted 

(see Chapter 7). The major problem proved to be more one of discipline 

in the operators failing to follow the agreed sequence. Other problems 

noted included persistently slow operators whose job over-ran the next 

operation's planned start time - particularly important as delays 

accumulated during the week - and absenteeism. The slow operators 
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could be catered for by feeding them one operation jobs as far as 

was seen to be fair by the other operators. Problems of absenteeism 

proved more intractable, but centred on a few operators that were 

persistently absent. This problem was partially solved by re- 

deploying operators from one operation jobs to multi-operation jobs 

if absenteeism would have affected the subsidiary machine operator's 

load. Both problems were alleviated by the operators' willingness 

to become flexible in overtime, so the sequence could be maintained. 

It is important to note that the cells were loaded to 40 hours per 

man per week (less planned absence ~ holidays, union meetings, etc.) 

even though work was accepted to the level of only 30 hours per man 

per week. Whilst some slippage from the target was persistent, a 

steady improvement in productivity was noted during an experimental 

period, at least part of which may have been due to the new methods 

of production control. 

6.4.8 Effects of Short Queues and Sequencing on Progressing and 
Customer Liaison Pro- 
  

gressing action can be of two kinds - pull through and push through, 

Most production control systems contain elements of both. 

Pull through progressing is the usual norm in machine shop situations 

where jobs that are undergoing manufacture, but are late, are actioned 

because of a customer's complaint or the appearance of the item on 

a shortage list. 
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Customer Liaison ' Cont'd: Bee ce 

Push through progressing occurs where an item is forced through ‘the 

manufacturing process by design rather than by default and is incor- 

porated in most production control systems by basing the progressing 

action on due date priorities determined before the manufacturing 

process starts. 

Group Technology changes the emphasis on the type of progressing 

employed because of the short lead times possible in the cellular 

situation and the necessity of avoiding disruption of a carefully 

designed job sequence. More emphasis is placed on better long/ 

medium term planning to get overall priorities into a good order 

and to marshal] materials and tools so that the jobs, once loaded 

to the shop floor will be naturally pushed through the system ina 

short time without disrupting the job sequence once prepared. To 

sum up, Group Technology requires more push and less pull through 

progressing. 

To achieve this objective, two types of action are necessary: 

* good customer liaison needs to be maintained to 

ensure the quality of the schedule 

* the shop floor systems must support a push through rather 

than a pull through approach, in particular, avoiding dis- 

rupting a job sequence once started, 

6.4.9 The "Micropert" The prime document used to liaise on job progress 

with customers, was the "Micropert" - see Figure 49. Because Customer 

Divisions were primarily interested in kits of components from which 

to assemble complete products, the micropert was based on the kitting 
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concept, by listing all jobs for one product together. Against each 

job the planned operations were listed in order of action by showing 

their machine group numbers next to a picture showing the action plan 

as a function of time. As operations were completed, the machine 

group number was deleted from the list so only actions yet to be 

performed were shown. On the basis of this picture, production 

controllers and customers could negotiate revised priorities when 

jobs were late or required more urgently than had been planned in the 

context of other jobs required for the same product. 

Production control staff were very attached to the micropert, even 

though it was not particularly suited to the Group Technology situation 

(for the usual reasons - machine groups and short thru-put times). 

They saw it as their main support in customer liaison. Because of 

their attitude, it was decided to alter the document minimally as 

follows: 

* a tool ready indicator was included in addition to the 

material ready indicator to show more clearly whether 

the job could start. 

* the cells planned to be visited by the jobs were listed 

in addition to the machine groups, using the decision 

process described in 6.4.1. 

These indicators would strengthen the ordering of priorities and the 

marshalling of materials and tools to improve the potential for push 

through methods on the shop floor already strengthened by the improved 

capacity loading, scheduling, marshalling and progress information 

described above. 
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6.4.10 Performance Measures Whilst the new load charts and better 

information available to control tools and materials by cell would 

help create a good push through situation, it was felt that a 

greater consciousness of the ongoing objectives of Group Technology 

was necessary to ensure that due attention was paid to these on the 

shop floor. Consequently, two new performance measures were designed 

to display the thru-put times and due date delivery performance 

achieved to each cell and to the production control staff. 

It was hoped that display of these performance measures would create 

a better task identity in the cells so as to improve Manufacturing 

Division's ability to push through jobs with minimal progressing 

effort or disruption to the job sequences and to improve the level 

of productivity. 

6.4.10.1 Thru-put Times. Figure 50 is an example of the thru-put 

("lead") time measurement provided by the computer for each cell. 

The flow diagram of the supporting program is shown in Figure 51. 

For each completed set of operations in the cell (determined by the 

decision rule discussed in 6.4.1) the elapsed time in weeks from the 

start of the first operation to completion of the delimiting inspection 

operation was computed. This information was used to update a 

frequency table held in core. The frequency table was a matrix Oj 

where the rows represented the achieved thru-put time and the 

columns represented the week in which the inspection operations were 

completed, Thus, if job k had a thru-put time of i weeks and was 

delivered in week Jj, the element «{j of the frequency table was increased 

by 1. The frequency table was compiled as described for all jobs 

completing a delimiting inspection in each of 32 weeks before the 
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compilation date of the report. To compare performance over a long 

period of time, the report could be produced for any desired compila- 

tion date. The data source was the archive file (described in 

Chapter 5) which had been incorporated as an Ongoing part of the 

system. 

6.4.10.2 Due Dates. The production of the due date delivery 

performance measure followed a similar pattern, The difference between 

the planned and actual completion dates of each job was used to update 

a frequency table as described above. This difference defined the 

number of weeks early or late of the Job at that point and enabled 

the printout shown in Figure 52 to be produced, Printouts were 

produced for each cell and for the whole of Manufacturing Division. 

In both cases (thru-put time and due date) initial experiments 

displaying median, extreme and upper/lower decile indicators (between 

which 80% of the results would lie) were abandoned in favour of simply 

printing the frequency table together with an indicator (*) to show 

the median result for each week. 

6.4.10.3 Productivity. The standard measure of productivity provided 

by the Huizen system was the 'M hour report’ shown in Figure 53. 

The 'M' hour was a standard measure of productivity used throughout 

the Philips group and was defined as: 

60 x2, Estimated Load Tine /! ae Measured Load Times 
All operations All operations 
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The report was provided each week and was compiled from data on 

operations clocked as completed within the previous week. Various 

allowances were used to modify the achieved 'M' hour according to 

the amount of time spent on work for which no estimate was available 

and standard "routines" - holidays, sickness, repair, scrap, etc. 

The allowances allowed the time clocked on jobs by the operators 

to be reconciled with the attendance time of the operator and were 

standardised throughout the Philips Group as a "fair" measure of 

productivity. 

From the Group Technology point of view, the item of primary importance 

was to organise the results to reflect the new cellular structure. 

The rates routine file solution described in 6.4.1 enabled a bridge 

to be built between the Huizen System and another system used to compute 

'M' hour results in the Assembly Divisions. The report shown in 

figure 53 was therefore deleted and replaced with the report shown 

in Figure 54 provided by the alternative system. It remains to be 

seen whether this report will have a direct influence on the produc- 

tivity of Manufacturing Division. The original Huizen system report 

suffered from inaccuracies in the clocking system and errors in the 

program used to compute productivity. Previous attempts to find the 

"bug" in the program had proved abortive and Manufacturing Division 

had used the report little. No information was (or is) provided on 

the performance of individual operators because the Trade Unions had 

negotiated an agreement to this effect. Without such a feedback link, 

to base the report on reality and display results to guide operators’ 

individual improvement efforts, training, supervision or disciplinary 

action, the effectiveness of such performance measures must be reduced. 
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Partial rectification of this problem may be achieved by display 

of all the performance measures in the cells, so at least the 

operators can see the overall results achieved by their cell. 

6.5. Conclusions ‘on the Modified System At the time of writing, 

many of the modifications to the Huizen System were in the early stages 

of implementation. The intention of this chapter has therefore been 
to illustrate the Philosophy and methods used in the modifications 

rather than to measure the particular efficacy of the new system, 

Figures 62 and 63 show flow diagrams of the original and modified 

system. The re-structured information should provide a better support 

for the cellular organisation and reinforce the benefits to be obtained 

from Group Technology. Particular benefits that have been noted were 

achieved through the use of: 

* the lead time and due date performance measures which 

were the first to be implemented and attracted a good 

deal of interest. They provided valuable evidence in 

the economic experiment described in Chapter 7, 

* the sequencing aid which has proved to be a valuable 

tool to learn about and solve some of the problems of 

Job sequencing. Its chief defect has been the effort 

needed to compile alternative sequences. Chapter 8 

contains some ideas for alleviating this problem. 

* the "tool ready" cards and the tightening of the material 

and tool marshalling procedures which are diminishing (at 

Teast on a subjective basis) the disruption to job sequences, 
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Whilst these improvements show promise for the new system, it provides 

no direct means of solving some important ongoing problems of the 

original system. In particular: 

* no scope existed for improving the links between the 

Huizen System and the customer divisions so that changes 

in the forecast output of finished products and stocks/ 

work-in-progress in the assembly divisions could be 

properly taken into account. Until these improvements 

can be incorporated, it seems unlikely that moves from 

strictly jobbing to batch production control with the 

associated economic benefits will take place 

* the system remains unwieldy in the areas of initial 

Planning/methodisation/estimating/scheduling, largely 

because scope for improvement in these areas was limited 

by the degree of change permissible in the support 

Organisations, although management felt the objective here 

had been met 

* the problems of inaccurate "clocking" and lack of confidence 

in the estimating process have been, at least, partially, 

alleviated although no complete solution is yet available. 

A solution is’ important because the ultimate measured 

productivity of Manufacturing Division depends on it and 

the shorter job queues make the sequences more sensitive 

to the differences between estimatedand actual load times. 
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* the problems of "sideways loading" still exist. These 

are at least partially dependent on the speed of the 

methodisation/estimating process taking place before 

manufacture controlled by the Huizen system can start. 

Chapter 8 has some suggestions for reducing these problems which are 

discussed in greater depth in Chapter 9. However, although it is 

also too early to say how effective the cellular organisation and 

further application of Group Technology principles will be, in 

solving some of the remaining problems, there would seem to be scope 

for: 

* reduction in the "sideways loading problems" by 

restructuring the support organisations and dele- 

gating part of the production control problem to the 

cells. A better support organisation structure would 

also reduce the unwieldy nature of the system and 

improve the links between Manufacturing Division and 

its customers. 

reduction of the estimating and clocking problems via 

more effective groupprocesses in the cells. Better 

task identify and a good commitment towards achieving 

set targets in the cells could go a long way towards 

solving these problems. 

The philosophy and methods used in the re-design illustrate the 

problems that may be encountered by the in-house systems designer 

when faced with the task of matching an existing system to a new 

organisation based on Group Technology. If substantial installation 
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costs and considerable changes in the methods and tasks of the 

support organisations are to be avoided, then it seems better to 

make a serious attempt to modify the existing production control 

system rather than to re-design from scratch or to replace the 

existing system with a new one. 

Other difficulties encountered illustrate the problem of installing 

Group Technology in one part of a large and complex company where the 

system has existing links with other parts of the organisation. The 

existing links may prove difficult to change and new links may be 

difficult to forge if the project is constrained to operate in one 

area of the company, 
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CHAPTER 7 

COST EFFECTIVENESS OF A TRIAL IMPLEMENTATION 

Tol Implementation and Management Changes 

Figure 18 is an outline of the plan for the implementation of a new 

organisation based on the analysis described in Chapter 5. ‘The 

trial cell was to be laid out, staffed and then used to develop the 

new ways of working. It was hoped that the majori ty of the associ- 

ated problems would be solved before extending the concept across 

the rest of Manufacturing Division. The success of a full implementa- 

tion in Manufacturing Division would Provide a good basis for expansion 

into other areas of M.E.L. and Perhaps some other parts of the Philips 

Group. 

The early stages of the implementation confirmed the seriousness of 

the sociological problems outlined in Chapter 5 of which the one with 

the most serious short term effects was the refusal of the operators 

to become flexible without some form of Payment. ‘Whilst wishing 

to compensate the operators fairly for a contribution to an improve- 

ment, the company was unwilling to proceed with this without better 

information on the extent of the financial benefits of the new system. 

During this period, the Senior Production Manager left the company 

and was replaced by a Director in charge of the entire technical sector 

who had a particular interest in improving the cost effectiveness of 

the company. This Management change meant that the Group Technology 

project lost its prime motivator and sponsor and a clear need was felt 
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to demonstrate the effects of the’ new ways of working to the new 

Director. These two problems directed the efforts of the project 

team towards establishing the cost effectiveness (or otherwise) of 

the new ways of working. The computer played a significant part 

in this exercise which is described below. 

7:2 Measurements Planned 

Four factors related to the cost of production were selected for 

measurement, viz.: 

* overall 'M' hour achieved by the cell each week. 

The 'M' hour was a standard measure of productivity 

used throughout the Philips group and was defined as 

Standard hours produced x 60 

Actual time taken (hours) 

The standard hours produced represented the sum of the 

estimated load times of jobs delivered by the cell each 

week. The actual time taken was the time recorded by 

the operators as having been worked on these jobs via 

the Huizen System. Because of some defects noted in the 

existing Huizen System 'M' hour reporting routine and 

because the report appropriate to the turning cell was not 

available at the time of the experiment, the actual hours 

were retrieved by hand from the job cards before sending 

them to the computer. For reasons of clarity, jobs with 

artificial allowances to cover rework or estimated times 

that were known to be in doubt were excluded. 
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Measurements Planned Cont'd. 

the setting time estimated to be required on jobs 

representing a month's work was compared, assuming 

a) simple due date priority (the pre Group Technology 

rules) and 

b) a work sequence designed to exploit the concept 

of parts family manufacture. é 

Whilst no special tooling had been designed (e.g. a la Drurie 

(3)) it was hoped that some effects would be seen. The 

"Ouija" Board was used to derive the sequence (see 

Section 6.4.7). 

the thru-put times measured from the start of the first 

operation to the completion of the mechanical inspection, 

denoting the end of the cells responsibility, were compared 

on jobs delivered by the cell during two 3 month measurement 

periods; one pre-Group Technology and one post Group 

Technology. In both cases, the thru-put time data was 

obtained from the modified Huizen System using the report 

described in section 6.4.10.1. For the pre-Group Technology 

case, data was selected from jobs that would have gone to 

the Turning Cell had it been in existence, using the same 

selection rules as in the post-Group Technology case. 

the ability of Manufacturing Division to deliver jobs in 

accordance with the due date agreed with the Customer 

Divisions was compared using the Due Date Delivery perfor- 

mance report incorporated in the modified Huizen System 

(see section 6.10.4.2). | The same comparison periods and 

job selection rules were used as in the thru-put time 

measurements. 
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In addition to the measurements described above, three intangible 

factors were considered, viz.: 

* improvements in Industrial Relations 

* simplification of the Control Problem 

* increases in business flexibility. 

Tice Results of The Measurements 

7.3.1 'M' Hours Results Figure 55 shows the Turning Cell's 'M' 

hour measured between 26th May 1975 and 15th August 1975. Prior 

to this period, the results showed no significant trend. Expected 

values for the productivity increase were derived using a standard 

least squares linear regression analysis as provided on the company's 

time sharing computer service. Defining the productivity change as: 

Productivity at the end ‘of the - Productivity at the beginning 
Period of the Period x 100 
  

Productivity at the Beginning of the Period 

gave a probable productivity change of + 14%. 

7.3.2 Setting Time Jobs producing a total turning load of 357 

hours of which 91 hours would have been required for setting prior to 

Group Technology were sequenced to minimise setting time as described 

above. The sequencing exercise enabled the setting time to be 

reduced by an estimated 25%. The reduction was 36% on automatic 

lathes and 10% on centre lathes. 

7.3.3 Thru-put Time Figure 56 shows histograms of the 

thru-put ("lead") times achieved for Turning Cell jobs delivered before 

and after Group Technology methods were adopted. For comparison, 

the histograms are shown back to back. The mean lead time is shown 

to have reduced by 46% and the median by 64%. Before Group Technology 
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7.3.3. Thru-put Time Cont'd. 

was adopted, 35% of jobs took longer than 4 weeks to pass through 

the "cell". After Group Technology, this figure reduced to 11%. 

7.3.4 Due Date Figure 57 shows similar histograms displaying the 

due date delivery performance achieved on turned items before and 

after Group Technology methods were adopted. Before Group Tech- 

nology, turned items were delivered 3.7 weeks late (mean result). 

After Group Technology methods had been adopted, this result improved 

to 2.9 weks early. The number of over due orders reduced from 51% 

to 29%. A slight improvement in the accuracy of delivery was noted, 

Jobs being delivered within + 1 month of the due date increasing from 

57% to 60%. 

7.4 Discussion of Assumptions 

As with any industrial experiment, it is difficult to show that a 

measured effect is due to a specific cause. It can be tacitly 

assumed that the measured results are due to the effects of Group 

Technology rather than anything else. This assumption may be 

dangerous and some specific factors that could have influenced the 

results are discussed below. 

7.4.1 Hawthorne Effect It is well known (45) that 

conducting an industrial experiment can produce changes in performance 

simply by virtue of the extra interest shown in the group concerned. 

The usual technique adopted to isolate this effect from the measurements 

is to compare the results obtained by the group using the new methods 

with a control group using the old ones. Such a technique was 

considered difficult to apply in this case because: 
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7.4.1 Hawthorne Effect Cont'd, 

* there was no directly comparable group of operators to 

those comprising the Turning Cell. Effects of load on 

Milling and Drilling, N.C. and Sheetmetal workers which 

had not adopted Group Technology methods at the time of 

the experiment, would not have been comparable with the 

effects on the Turning Cell. 

* Production Control acted as one activity for the whole of 

Manufacturing Division. There were, therefore, no 

comparable control groups. 

* management vetoed the extra effort that would have been 

entailed in the measurement of two groups rather than one. 

Ellimination of the Hawthorne effect having been rejected as impractical, 

it had to be hoped that taking measurements via the computer system 

reduced the amount of special inter-actions caused by the experiment 

to a minimum, It was, however, not possible to conduct the experiment 

without the staff involved being made aware of it, so an element of 

the Hawthorne effect must inevitably have perturbed the results to 

a certain extent; the amount or direction of the perturbation being 

essentially unmeasurable. 

7.4.2 Validity of Data Whilst the data surrounding the results was 

collected carefully, many questions surround its validity which have 

not yet been possible to answer. Much of the information depended 

on accurate clocking of the data cards returned to the computer by 

the operators. A detailed enforcement of clocking accuracy would 

- 114 -
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have been difficult to implement and might have increased the Hawthorne 

effect, but such checks that were made showed some errors in clocking, 

missing cards and extra cards reporting unplanned and unestimated work 

although no deliberate mis-clocking as described in Chapter 6 was 

detected. The extra cards were ignored for the purpose of the 'M' 

hour calculation and there was no obvious reason for the lead time and 

due date comparison to have been altered by these effects. LETTS. 

therefore, thought that the effects of non valid data are small. 

7.4.3 New Machines The Huizen clocking system assumed that each 

operator could only work one machine at a time. The advent of the 

Accuratools (see Chapter 5) meant that this was no longer true and one 

or two of the eight operators in the Turning Cell could (in theory at 

least) be operating two machines at once and thereby earning double 

credits towards the overall productivity of the cell. This effect 

may have accounted for some of the measured increase in productivity 

but it should be remembered that the Accuratools had been introduced 

six months before the start of the experiment and any false increase 

in the cells productivity would have been expected to show itself 

earlier. A possible explanation is that an increase in productivity 

due to the new machines was eliminated by "Parkinson's law" until the 

progressive tightening of the 'M' hour measurements which led. up to 

the experimental period prevented these losses occurring. 

It should be noted that all jobs going to the Accuratools were re- 

planned to eliminate the possibility of a time estimated for a manually 

controlled lathe being compared with a time achieved on an Accuratool. 
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7.4.4. Effects of Load The most potentially serious perturbation 
of the thru-put time and due date results, could have been produced 
by a change in the load of turned items between the two meas urement 
periods. A lighter load could Produce at least part of the measured 
improvements in lead time and due date performance. 

The overall load of turned items in the two measurement periods 
Proved impossible to compare because of the unknown effects of sideways 
loading. Whilst a certain lightening of load could have occurred 
during the second (post Group Technology) period, the effect is not 
thought to be too significant, particularly since a real drop in 
load might be expected to produce a drop in Productivity (the reverse 
was measured), 

7.4.5 Variability of Productivity The variability of the productivity 
measurements was large.- Confirmation of the results by taking 
measurements over a longer period would have been more satisfactory, 
to increase the statistical significance of the results and assure the 
permanence of the improvement. A longer measurement period might 
also have reduced any appreciable Hawthorne effect. 

7.4.6 Overall Impression of the Measurements Whilst each measured 
item can be questioned in isolation, the overall picture appears to 
be one of substantial improvement due in the main to Group Technology. 
It is clear that the computer played a significant part in the 
measurement process in the following ways: 
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* the measurements would not have been possible without 

the data provided as routine to the Huizen System. 

In particular, the historical comparison between Group 

Technology and non Group Technology results would have . 

been much more difficult and would have had to have been 

set up well prior to the Group Technology experiment - 

when management had foreseen no requirement for compari- 

son 

a fair amount of data processing is required to achieve 

the lead time and due date measurements and to perform 

a linear regression calculation. The extra effort 

required to perform this process manually would have 

been considerable and for this reason possibly not 

attempted 

the existence of the computer as a measurement process 

familiar to the operators probably reduced what could 

have been a very considerable Hawthorne effect. 

7.5 Worth of the Improvements 

Normal commercial confidentiality prevents publication of the value 

of the measured improvements. However, there are a number of points 

worth making on the particular value of these improvements bearing 

in mind Manufacturing Division's position as a partial supplier of 

M.E.L's metalwork requirements. 
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7.5.1 Overall Productivity Improvements The 'M' hour and setting 

time measurements were conducted separately and can thus be combined 

to assess an overall contribution be productivity. The savings 

in setting time represented a 7.3% increase in productivity, bringing 

the overall productivity improvement to a potential 223%. 

Because Manufacturing Division had only sufficient capacity to 

produce 1/3 to 2/3 of M.E.L's total metalwork requirements, a two-fold 

gain is achieved by an increase in productivity: 

* the existing load costs less to produce 

* parts that would otherwise have to be sub-contracted 

can be made "in-house" with consequential improvements 

jin control and more effective use of existing overheads. 

7.5.2 Lead Time and Due Date Improvements Evaluation of savings 

from a reduction in lead’ time and an improvement in deliveries against 

due date, is more difficult. The tangible savings come from a reduc- 

tion of work in progress that would not be possible to measure 

without a regular physical count and valuation (a costly and difficult 

process to implement). Two types of work in progress should be 

considered: 

* "primary" work in progress - partially completed 

components on Manufacturing Division's shop floor 

"secondary" work in progress generated by a lack of 

confidence in Manufacturing Division's customers, 

causing them to order too much too early 

"tertiary" work in progress caused by Manufacturing 

Division's failure to deliver planned parts on time 

or to cope sufficiently with emergency manufacture 
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of unexpectedly scrapped parts. The lack of the 

required items would cause work in progress of other 

items to build up in the customer divisions until 

Manufacturing Division could deliver the parts 

required to complete the assembly. 

The primary work in progress can be valued from a knowledge of the 

average lead time, rate of material consumption and rate of added 

value. Assuming a linear model, the work in progress will be pro- 

portional to the lead time and will thus reduce accordingly. The 

values for Manufacturing Division indicated that, although worthwhile, 

the primary work in progress savings were probably insignificant 

compared with the productivity savings. 

The secondary work in progress is more difficult to assess, The 

probability that customer divisions will order items to be delivered 

too early will depend on a number of factors (such as the degree to 

Which the metalwork is on the critical path of the product manu- 

facturing plan, the particular confidence level of the customer and 

Manufacturing Division's reputation). The value of secondary work in 

progress is higher per item since it comprises completed components, 

so the only control factor is the time that items remain in stores 

before consumption. In Manufacturing Division's position, a clear 

demonstration of a good delivery reputation, plus some education and 

direction of the customer division's Job controllers who do the early 

ordering, would seem to be the answer to reducing secondary work in 

progress. It was not possible to assess any improvements achieved 
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jin the level of secondary work in progress (in fact the thru-put 

times and due date improvements may well have produced a temporary 

increase in finished part stocks). 

Tertiary work in progress can be much more serious. Metalwork 

comprised well under 20% of the value of most of M.E.L's finished 

products and the "knock-on" effect of late delivery from Manufacturing 

Division could cause a very rapid build up of tertiary work in progress 

followed by a large drop in productivity caused by operators having 

to wait for the undelivered items and then re-learn their assembly 

processes. Whilst it was not possible to assess the savings 

produced in these factors by the implementation of Group Technology, 

it was noted that whereas Manufacturing Division had been identified 

as the major "béte noire" in M.E.L. at the start of the project, no 

complaints were received on turned items after the implementation of 

Group Technology. 

7.5.3 Comparison with Other Companies Comparison of achievements 

in one company with published results of achievements in other companies 

are always dangerous because: 

* bad results are rarely published (or admitted!). 

Surveys of achievement may produce a falsely high 

average 

improvements are relative and it is rarely possible 

to compare before and after situations between companies. 

However, to give some perspective, the measured results of the turning 
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cell experiment are compared with the results of a recently published 

survey (4) of over 40 firms who claim to have introduced Group 

Technology. The survey reports Group Technology implementations 

ranging in size from single cells producing a very limited number 

of products to complete rejection of conventional manufacturing 

methods in favour of Group Technology principles as demonstrated by 

Ferranti, Edinburgh (40). The comparison is shown in Figure 58. 

The reduction in work in progress includes only an estimate of the 

reduction in primary work in progress in the turning cell. The 

reduction in overall stocks was not possible to estimate for the 

reasons given in Section 7.5.2. The other figures are those given 

in Section 7.3. 

Neglecting the arguments surrounding the validity of inter-company 

comparisons, it would appear that M.E.L. has a long way to go in 

achieving the maximum benefits from Group Technology. The figures 

given are only those for the turning cell and represent an extremely 

small improvement in total company performance. Even so, according 

to none of the measures does the turning cell reach the average 

improvement claimed by other companies participating in the survey. 

Assuming the validity of the comparison, the below average results 

may have been produced because: 

* the turning cell was chosen for the trial implementation 

more to explore and develop Group Technology methods 

rather than to maximise the related cost benefits, 

Greater benefits might have been found by a trial 

implementation in other metal working areas 
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* many of the problems highlighted by the trial 

implementation had not been solved at the time of 

the experiment. These problems are discussed below. 

7.6 Problems Reducing the Effectiveness of Group ‘Technology 

The operation of the trial cell highlighted a number of problems 

of which many were still unsolved at the time of the experiment. 

These problems probably reduced the benefits obtained from the new 

system and may be classified under three headings - sociological, 

technological and control. 

7.6.1 Sociological Problems The supervisory and operator problems 

mentioned in Section 5.3.6 made a teamwork approach to the imple- 

mentation difficult. New disciplines were more difficult to establish 

and negative reactions were produced in production control staff who 

were originally in favour of the new system. ‘Attitude problems had 

persisted in Manufacturing Division for marly years and a number of 

managers had failed to find adequate solutions. Indeed, a previous 

manager had deliberately operated a divide and rule policy which may 

have deepened the gap between management, supervisors, operators and 

Support staff. An additional problem may have been the lack of 

a sufficiently clear policy on the role of Manufacturing Division which 

was required to act partially as a high speed technological problem 

solver to cope with last minute design changes or rectifier of quality 

problems on sub-contracted metalwork and partially as a low cost pro- 

ducer of items. These roles were essentially incompatible, given the 

existing organisation and supporting systems, The role conflict 

inevitably produced supervisory and operator problems because the staff 
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involved had to act for part of the time ina semi-skilled environ- 

ment to detailed laid down methods and for the rest of the time ina 

skilled environment with little or no technological support. 

It is probably unreasonable to assume that Operation of a trial cell 

would provide a swift solution to deep rooted attitude problems that 

had persisted for a number of years, even though Group Technology 

should provide a means for their solution in the longer term by 

promoting teamwork approaches to problems, inproving the job satis- 

faction of the operators and shortening the shop floor queueing 

times, sufficiently to allow Proper technological and control support 

for both roles. 

The fact remains that these sociological problems were not solved 

by the time the experiment took place and they probably account at 

least partially for the lower than average benefits measured. 

7.6.2 Technological Problems The concept of parts family manufacture 

is an important part of Group Technology. By the time of the experi - 

ment no progress had been made either on the design and use of 

composite component techniques or on the standardisation of components 

in either the design of current or future Products. This lack of 

progress probably limited the extent to which savings in setting time 

could be achieved. It was noted that Ferranti (40) use Drurie's 

techniques (3) extensively in their turning cell and claim a 95% 

reduction in setting time. It is also possible that greater than 

average reductions in setting time could be achieved in Milling and N.C. 
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working areas of Manufacturing Division, which would increase the 

total result after extensive implementation of Group Technology. 

7.6.3 Control Problems The production control system had not 

been fully modified by the time the experiment took place. Whilst 

the lead time and due date performance measures and the "Ouija" board 

were available, no link existed to allow the long and medium term 

production plans to exploit the new concepts. Production control 

staff were having to operate two systems, one to support the functional 

layout and one to support the Turning Cell which inevitably diluted 

their efforts. Many of the disciplines - e.g. not starting a job 

until material and tools were available, observing the agreed job 

sequence, etc., were not fully established, which must have limited 

the potential reduction of lead times and improvement of due date 

delivery performance. Whilst the "Ouija" board gave some help in 

constructing a good sequence, a better aid might have allowed greater 

benefit to be obtained. 

A further limitation on the reduction of lead times and work in progress 

was produced by the conflicting systems in that the production control 

staff tried to deliver kits of components, for assembly either in 

Manufacturing Division or the customer divisions. This task could 

have been more difficult given the two systemsand may have reduced 

the potential benefits. In any case, these benefits would be expected 

to be smaller for turned items which had a shorter than average lead 

time, 
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Tati Conclusions of the Experiment 

It is difficult to establish an industrial experiment which will 

truly demonstrate that observed effects are due to a specific 

cause. The design is particularly difficult when the measured 

area is a small part of a closely related whole, since management 

may be unwilling to embark upon an adequate experiment because of its 

cost and complexity. 

The computer proved to be a valuable tool in the experiment, not 

only by virtue of its data processing power, but also in minimising 

what otherwise might have been a larger Hawthorne effect. 

The experiment succeeded not only in demonstrating the benefits 

of Group Technology to the new management, but also in focusing the 

attention of many people involved with some of the problems of 

Manufacturing Division. The work was seen to be sufficiently 

valuable to warrant continuation of the implementation and an increase 

in the involvement of other areas of M.E.L. to further increase the 

benefits and to minimise the boundary problems introduced into areas 

such as T,£.0., Accounting, Personnel and the customer divisions by 

the adoption of Group Technology methods on a wider scale. 
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CHAPTER 8 

IDEAS FOR THE FUTURE 

8.1 Introduction 

There appears to be considerable scope for extension of the work 

described in this thesis both in the practical application of Group 

Technology principles in other areas of M.E.L. and in the develop- 

ment of the ideas stemming from the work reported here. 

8.2 Extension at M.E.L. 

8.2.1 More Cells M.E.L's real requirement is for kits of finished 

parts rather than individual components. The real benefits of reduced 

thru-put times will not be felt until all the metalwork can be 

obtained in less time so that the total lead time of the end product 

can be reduced. Clearly, there is a need to create further cells in 

Manufacturing Division to cater for: 

* Milling and Drilling 

= N.C. 

* Sheetmetal 

* Process 

Whilst the Milling and Drilling "Cell" was almost created by exclusion 

when the Turning Cell was created, more attention will be needed to 

ensure that it can be operated as a self sufficient unit. Similar 

problems to those encountered with the turning cell will have to be 

dealt with in the provision of necessary subsidiary machines. meas 

these and the existing sociological and control problems can be 

solved, then there may be considerable scope for productivity improve- 

ments and setting time reduction. There are already indications that 

the attention to the design of jigs and fixtures and to job sequencing 
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could all make significant inroads into the current setting times 

which are longer than those in the Turning Cell. 

Progress in the N.C. area, although outside the aegis of the existing 

project team, would also seem to be possible since there is evidence 

of long lead times and scope for improvement in the reliability of 

delivery and levels of work in progress. As yet no development of 

the techniques reported to be successful by Allen (10) has been 

attempted and there may be scope for a considerable cost reduction 

of items currently cast and N.C. machined by the use of such methods. 

It is indicated that there is also scope for improvements in the 

Sheetmetal Section along the lines explored for the Turning Cell. 

Two proposals for designing cells in this area are being considered, 

one involving production flow analysis and the other component classifi- 

cation. Which method is used will depend on the suitability of 

sheetmetal classification systems currently being studied. 

The design of the process "cells" has yet to be seriously considered. 

There is an obvious division of processing (cleaning, plating, etc.) 

from painting (masking, spraying, drying) and there appears to be no 

alternative division of this area or any practical possibility of 

integrating process/painting activities with the metalworking cells 

because of contamination and safety considerations. Certainly, no 

classification ystem is known that would suit this area, so any further 

sub-division would have to be based on production flow analysis. 
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8.2.1 More Cells Cont'd. 

There is also scope for implementation of Group Technology in 

another area of M.E.L. - the Watson subsidiary which manufactures 

glass and metal components for optical equipment. There seems to be 

a parallel to be drawn between work at Watson's and the implementation 

at Rank Taylor Hobson (15). Consideration will be given to this 

idea in the near future and initial indications look promising. 

The rest of M.E.L. is more concerned with assembly of components into 

finished products where the metalwork is a minor part of mostly elect- 

rical products. To implement Group technology here, where there are 

few complicated and expensive machines to set up and little scope for 

parts family manufacture would, to the purest, seem to be more the 

implementation of Group Working rather than Group Technology. Whatever 

the semantics, there may be considerable scope for better layouts of 

the shop floors, for better groupings of workers and for better 

methods of rationalising the design and assembly of the products. 

A preliminary survey is to be conducted to see if a significant 

potential for improvement exists. 

As for other areas of the Philips Group, some interest has been 

engendered in central departments and other plants, but as yet no plans 

are known for application of Group Technology in the ways being con- 

sidered by M.E.L. It appears to be early days yet, although consider- 

able strides have been made in the introduction of autonomous work 

groups in assembly areas which should forma valuable basis for the 

introduction of Group Technology in the many component manufacturing 

activities throughout the Philips) Group. 
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8.2.2 Production Control The implementation of the complete, 

modified production control package described in Chapter 6 started 

in January 1977. It is too early to comment on its effectiveness. 

Future work on this package should be initially aimed at the simpli- 

fication of its operation. There would seem to be scope for 

allowing "on-line" updating and interrogation of the data files 

which should make the package considerably easier to use and make 

feasible other techniques to be described later. The essence of 

good production control is accurate and up-to-date information and 

"on-line" in “real time" (files up-dated immediately) or “real- 

enough-time" (files up-dated periodically - say every 3 hour to every 

day) should improve the state of the information in the Huizen system 

considerably compared with the current once-a-week up-date on the 

majority of the data. 

The availability of a data base that can provide such up to date 

information would make possible improvements in both the long term 

loading and shorter term problems of job sequencing. "Real time" 

operation would allow trial of alternative load plans before an 

optimum was chosen and would ease the re-scheduling problem, | Mechan- 

isation of the "Ouija Board" layout would be possible by allowing the 

Job sequences to be chosen by a planner examining their effects ina 

conversational manner with the computer. Trial and error planning 

ona "what if?" basis. 

Notwithstanding the availability of real time access to the Huizen 

system, some work is already underway to examine the potential for 

productivity improvements by using the computer to examine alternative 

sequences automatically. Initial experiments have concentrated on 
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8.2.2 Production Control cont'd. 

sequencing jobs to the Accuratools, using a limited Monte Carlo 

simulation of the possible job sequences. It has been found 

that whilst the optimum sequence may take a considerable amount ‘of 

computer time to derive, even using powerful algorithms such as 

"branch and bound" (39), a significant and worthwhile improvement 

can be obtained by simply evaluating a number of feasible sequences 

at random and choosing the best. The likelihood of a significant 

extra improvement being discovered through the generation of more 

sequences seems to diminish rapidly with the number of sequences 

generated. Work continues to extend the ideas with the intention 

of incorporating such a sequencing aid into the Huizen system should 

the savings prove worthwhile and achievable with a low overhead of 

computing time. These savings should be more easily achieved with 

such a sequencing aid available because of the complexity of the 

manual sequencing problem, 

A combination of automated sequencing and real time operation might 

allow the computer to guide operators directly to the best job to 

start. The computer would be in possession of the up-to-date manu- 

facturing situation and could evaluate the best sequence to follow on 

the basis of the information to hand when prompted by an operator 

seeking a new job to start. 

There is also scope for improving the effectiveness of the control 

system through better design of its data and information links with 

the rest of M.E.L. Automated links to forecasts of product output 

and stocks in the assembly divisions could reduce what is now a 

considerable clerical exercise to translate the requirements of 

Manufacturing Division's customers into a schedule for the shop floor, 
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8.2.2 Production Control cont'd. 

The effectiveness of this process would be further increased by 

more attention to the design and methods of the support organisa~ 

tions and on the delegation of part of the production control task 

to the cells together with an understanding of how moving from 

Jobbing to batch production control could bring further economies... 

8.2.3 Group Working The re-organisation of the production control 

system has made the creation of further cells feasible. More cells 

may serve to solve some of the current sociological problems, but 

may well create others. The problems thought likely to diminish 

are those connected with the special nature of the trial cell. It 

should prove easier to gain acceptance for a group reward scheme 

that would not be possible to implement in the trial cell in iso- 

lation and the operators would no longer feel themselves singled out 

for the attention of management. Both changes should help to reduce 

the current difficulties on the shop floor. It is also likely that 

more cells will help the supervisory problem for much the same reason 

although some difficulty may be expected in the conflict between 

imposed leadership (the supervisors) and the autonomous nature of 

the cells. However, moves towards the creation of further cells 

would be unwise without a full appreciation of the depth of the 

sociological problems in Manufacturing Division and without both 

considerable efforts to solve the problems and some clear evidence 

of their solution, Efforts are being made with the staff on the 

shop floor by holding a regular meeting between the Divisional Manager 
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8.2.3 Group Working cont'd. 

and the operators. Although the supervisor is present at this 

meeting which is showing clear signs of improving communications 

and reducing the barriers between the shop floor and the manage- 

ment, there are no signs that similar improvements are being made 

at the supervisory level. Parallel efforts were started by 

holding meetings between the supervisors, production control and 

planning staff, two representatives of the team implementing Group 

Technology, and a sociologist. These meetings ceased after the 

unfortunate early death of the sociologist before any real improve- 

ment could be achieved. The re-creation of these meetings is 

thought to be highly desirable. 

The creation of a fully cellularised Manufacturing Division will ease 

considerably the load on the supporting production control staff. 

With a trial cell working the production control staff are essentially 

operating two production control systems and are having to manage the 

interface between them. This extra load may be at best a partial 

cause of the negative reactions described in Chapter 5. 

Once a fully cellularised operation has been implemented and is seen 

to work, the management may feel more able to move towards giving 

the cells more autonomy and, in effect, treating them more as 

businesses in their own right. Little or no modification to the 

Production Control system should be necessary to achieve such a 

situation, but careful attention would be necessary to the way 

planning, estimating and production control tasks were delegated to 
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8.2.3 Group Working cont'd. 

the cell. Fully autonomous working would be difficult to achieve 

because of the complexity in the relationships with the customer: 

divisions that would be created. A good compromise would seem to 

be to delegate planning and shop floor production control to the 

cells, retaining a small central "customer liaison department" to 

handle the interface between Manufacturing Division and its customers. 

It would probably not prove feasible to delegate the task of estima- 

ting to the cells because of their monopoly situation and the policy 

of the Philips group where estimating/target setting is deliberately 

separated from the line management. 

Another aspect of Group policy which may affect the extent to which 

the cells can be autonomous is the accounting process. The Philips 

Group operates an accounting system which is different to that of most 

companies in that assets are revalued and recovered at the point of 

added value in the amount charged for a man-hour's work. At the 

time of writing, only one hourly rate was used across the whole of 

Manufacturing Division and the setting of separate rates for the 

different cells could produce a heavier load for the accounting 

departments. The modified production control system could provide 

a good deal of help in the costing process via the use of the rates 

routine file link described in Chapter 6. This link should make 

automated job costing easily obtainable leaving the only extra work 

in the setting of tie annual hourly rates. This extra work is not 

thought likely to be significant. 
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8.2.4 Standardization Currently, there is very little parts 

standardization at M.E.L. Whilst there are limitations imposed by 

customers who paid for the development leading up to many of the 

drawings and who demanded that their own standards be adopted, there 

is still considerable scope for M.E.L. to influence future designs 

and to take opportunities to change existing designs. The oppor- 

tunities for standardization exist at three levels: methods, parts 

and assemblies, 

Standardization of methods covers the selection and/or design of such 

items as threads, chamfers, undercuts, raw material sizes and grades, 

tolerances, etc. To illustrate the potential for methods standardiza- 

tion the sorted list of Opitz code numbers against part numbers 

described in Chapter 5 was used to retrieve drawings having a similar 

Opitz code number. This component family comprised pillars and 

spacers that were made in some quantity and with a wide variety of 

forms in the Turning Cell for various customers. Figure 59 shows 

part of this sample together with a suggested "composite component" 

(see figure 60) that would fulfil the purpose of the other components, 

but require little alteration to the setting of tools during the 

manufacturing process. Whilst all the components have a 4-40 UNC 

thread, the manufacturing method has to change, because of detail 

differences concerning the chamfer (size and angle) on the front of 

the thread; the overall length of the threaded section and; the 

design of the shoulder where the thread meets the main body of the 

component. It was also noted that the various materials chosen 

did not line up with those stocked as standard, although no technical 

reason could be found to justify this situation. 
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8.2.4 Standardization cont'd. 

For 10 drawings selected, 8 different manufacturing methods were 

necessary. Using the suggested composite component, the 8 methods 

would be reduced to 1 with consequential savings in setting time 

and Planning/Production Control effort. 

Standardization of components may be regarded as the use of "preferred" 

items wherever possibe, rather than re-designing every item from 

scratch. Whilst there is obvious scope for improvements in drawing 

office productivity by the use of preferred standard metalwork com- 

ponents, this saving may well be negligible compared with savings 

in: "debugging" new designs; production control effort; work in 

progress; overall lead times, etc. achieved through a reduction in 

the variety of items produced, 

Standardization of assemblies is an extension of the preferred 

component concept to cover some standard metalwork assemblies. There 

may be scope for standardization of some equipment "racks" and "trays" 

but significant inroads into standardizing M.E.L's metalwork assemblies 

would require a substantial change in marketing and design policy 

that would take a long time to implement and is probably not warranted 

by the potential savings. 

One area, falling between component and assembly standardization that 

might be profitable to investigate,is fabrication of machined castings 

and some conventional sheet metalwork items from N.C. machined stan- 

dard plates. Allen (10) has claimed to have reduced lead times for 

metalwork items, previously cast, from 2} years to 2 months on initial 

orders and from 6 months to 2 for repeats. He also claims that a 
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8.2.4 Standardization cont'd. 

cost reduction of 64% was achieved by the use of these methods. 

Computing techniques are much in evidence in the achievement of 

these results. A mini-computer is used to digitise a drawing 

and produce control tapes for the N.C. machine and an automated 

inspection machine directly. Standard features (holes, slots, 

clearways, etc.) can be automatically called in at the time of 

digitization of the drawing and aids to visualization are provided 

by the computer to assist checking the tapes before cutting metal. 

Such techniques could well find use at M.E.L. 

At the system level, the secret of effective methods and parts 

standardization appears to be the ease of retrieval of standard 

drawings. So long as it is easier for the draughtsmen to draw a new 

item than'to use a standard, then the likelihood of a standard item 

being used diminishes. M.E.L. has made attempts to improve the 

availability of information to draughtsmen by providing manuals of 

standards, but with more than 500,000 drawings on file, retrieval 

is a large task and, so far, access by drawing number is the only 

system used. Access for standardization purposes would require 

classification of a large enough cross section of drawings to give 

a representative sample and a filing system organised according to 

the classification system. The classification system would have to 

strike a balance between ease of use and accuracy of description of 

the component's geometry, surface features and method of manufacture 

and the filing system would have to be very easy to use. A profitable 
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line of investigation would appear. to be a combination of a mini- 

computer and a microfilm filing system. 

To make the use of standards stick, not only drawings but standards 

manuals, tolerance/cost curves, preferred stock item lists, etc. 

should be available from this access system. A change to the 

current drawing process would be desirable so that classification is 

done at a very early stage in the design. The system used should 

ensure a constant pressure to classify and examine standards rather 

than draw a new item. Currently, drawings are produced first and 

standards thought about later. To realise the benefits of parts 

standardization the reverse must be the case. Figure 61 illustrates a 

possible change to the drawing process compared with the current methods. 

8.2.5 Automated Estimating and Methodisation Given a rationalised 

approach to the design of metal components, the prospect of automating 

the estimating and methodisation process might become more feasible, 

perhaps along the line suggested by Arn (12). Reductions in the 

clerical effort and elapsed time that take place between receipt of 

an order and the start of component manufacture would be possible on 

a much greater scale than with the current level of standardization, 

although real benefits might still be seen with no improvements in 

standardization, 

Apart from the obviously greater scope for standard methods and 

estimates resulting from standard part designs, a great benefit would 

accure if the estimating process could be integrated with the design 

process to allow examination of production costs at the design stage 

and build in “value engineering". 
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8.2.5 Automated Estimating and Methodisation cont'd. 

The Philips Group has already made progress on automating methodisa- 

tion and estimating (25) and the potential for the application of 

this work at M.E.L would appear to be significant. 

oa Extension of Knowledge 

8.3.1 Cell Design The computer is a powerful analytical tool, 

particularly when it can be used to manipulate existing company data. 

The state of the art is moving rapidly towards company data bases. 

Although initial results are not as promising as first hoped, it 

will not be long before data base systems become utilised for 

management of the total information in companies. The Philips Group 

has made strides initially based on I,C.L.NIMMS and more recently 

on their own data base management system which allows total computeri- 

sation of their planning, scheduling and goods movements systems. 

The information is derived from Commercial forecasts and product 

structure data and new machine shop schedules can be provided directly 

from input of a new Commercial forecast and up-to-date information 

on stocks and work-in-progress. Access to the data in such systems, 

particularly in real time could produce a powerful tool in the design 

of a new organisation embodying Group Technology principles. The 

Process could be similar to that discussed in Chapter 5, but as yet 

the analytical tools have to be custom built. No packages are 

available, 

More work needs to be done to link the classification and production 

flow analysis techniques of cell design. Both techniques have good 

= S88



8.3.1 Cell Design cont'd. 

and bad points and neither is ideal. Particularly important is the 

need to keep the cellular structure up-to-date with the parts spectrum 

unless a gradual increase in the in-balance of the cell load is to 

occur. 

Classification systems are by no means ideal and their use in 

organisations is not yet fully thought out. A classification system 

for cell design and up-dating may not be suitable for drawing retrieval, 

shop loading, routing or sequencing purposes, but it seems unlikely 

that organisationswill use more than one classification system. The 

pressure for one classification system to be all things to all parts 

of the system may so stress current systems, that parts classifica- 

tion may be abandoned. Considerable scope exists for the development 

of classification systems, particularly for the multi-product organisa- 

tion where metalwork and in-house manufactured components may only 

be a small part of the final product. In particular no classifica- 

tion scheme is known which can help in the design of cells in an 

assembly area. 

Production flow analysis with its heavy dependence on the current 

working methods in the organisation using it, is also far from ideal. 

There is scope for developing its objectivity and scope for easing 

its use. Further mechanisation of this process and the availability 

of computer tools that can operate with data base management systems 

could spread its use considerably, particularly if the technique 

could be extended to include automated layout planning of a revised 

Organisation resulting from its use. 
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8.3.2 Production Control The solution of the production control 

problem in a Group Technology environment provides further scope for 

extension of knowledge. Existing computer packages for production 

control do not readily lend themselves to the Group Technology 

situation and development is needed in: 

* The design of information systems appropriate to 

a cellular organisation 

* The design of sequencing algorithms to exploit parts 

family manufacture and avoid machine interference 

* The control and avoidance of disruption caused by 

machine or tool break-down or operator variability, 

sickness or absenteeism 

* Design of estimating systems automated to produce 

job instructions and time estimates from part 

geometry, surface features, tolerance, etc. 

* Efficient interfacing of production control with 

accounting systems, payment/incentive schemes and 

the design/estimating process. 

8.3.3 Sociological Development The implementation of any new system 

involves people. The implementation of Group Technology poses par- 

ticular problems in the organisation and restructuring of work that 

involves skilled operatives and supervisors. Although theories 

governing the motivation of people in socio-technical'situations are 

well established (5, 14) and are being examined with particular 

reference to the Group Technology situation (6), as yet there is no 
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8.3.3 Sociological Development cont'd. 

clear recipe for success involving the many problems that arise 

during the implementation of this new Manufacturing system. Work 

needs to be done in developing and transferring sufficient under- 

standing of these theories, particularly for those responsible for 

managing the change from functional to group based production systems. 

By this means, projects may be approached in a way that guarantees 

a greater chance of success. 

Further work in organisation development also seems necessary for 

better integration of cellular working with other aspects of industrial 

society at, supervision, middle management and Board levels (16). 

The computer is an important factor in all these areas and there 

would seem to be considerable scope for greater understanding of the 

inter-relationships of people with computers in the GroupTechnology 

environment, Part of Group Technology is an improvement in the 

sociologica! structure of companies. In organisations possessing a 

computer a successful bond between man and his information systems 

must be sought, 
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CHAPTER 9 

OVERALL DISCUSSION 

oa Introduction 

Arguably, the research described in this thesis produces a number of 

conclusions in a wider vein than simply specific applications of 

computer systems in Group Technology. The entry point to the 

research was the interaction between computer based management 

information systems and Group Technology, but,during the progress 

of the work, other areas of knowledge impinged on the research, so 

an attempt will be made to discuss conclusions on these wider matters 

as well as on some applications of computers in Group Technology. 

9.2 The Project 

Because the work was centered on a project to install Group Technology 

in one area of a large multi-product company, it is important to take 

this situation into account in any conclusions drawn from the research. 

9.2.1 Degree of Success The success of M.E.L's project in achieving 

its original objective, the installation of Group Technology in 

Manufacturing Division, seems a bit like the curate's egg "good in 

parts". Whilst, as Chapter 7 shows, the project produced measurable 

benefits in the trial cell and indicated potential for a cost effec- 

tive implementation in the rest of Manufacturing Division, progress 

beyond setting up the trial cell and operating it has been limited, 

The intention of the company is to extend cellular working, at least 

throughout the rest of Manufacturing Division, Other areas being 

considered for the installation of Group Technology are the N.C. 
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9.2.1 Degree of Success cont'd. 

machine section, some assembly areas and the subsidiary company 

specialising in glass and metalwork component manufacture for 

optical equipments. However, the management momentum behind 

turning these intentions into reality does not yet appear to be 

large enough for real and substantial Progress to be made. 

9.2.2 Limiting Factors The main factors that appeared to limit the 

Progress of the project in Manufacturing Division were the socio- 

logical problems with the operators and supervisors, the changes 

in senior management during the course of the project and difficulties 

associated with the interfaces between Manufacturing Division and 

other areas of M.E.L. Whilst these factors were all significant, 

there appear to be more fundamental causes of the problems, 

First, and probably most important, was the lack of clarity of the 

role of Manufacturing Division in M.E.L. No clear policy existed for 

metalworking in M.E.L. and a succession of managers had tried to 

fulfil a number of conflicting requirements within some very rigid 

constraints. The requirements appeared to be: 

* To act as an efficient producer of metalwork so 

as to be competitive with sub-contractors on price 

and delivery ("production") for the Customer Divisions 

Of MELE. 

* To provide a high technology production centre making 

parts that were too difficult for sub-contractors to 

make ("problem solving”) 
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* To provide a high speed rescue service to cover for 

delivery or quality failures in sub-contractos 

("problem solving") 

* To support pre-production and development metalwork 

requirements when the capacity of M.E.L's model 

shops proved inadequate ("problem solving") 

The "production" and “problem solving" roles conflict because of 

differences in the manufacturing systems required to support them. 

The "production" role demands low costs which implies a high level 

of operator and machine utilization and imposes pressures for the 

use of lower levels of skill (lower cost and a greater willingness 

to perform repetitive Jobs). The "problem solving" role demands a 

much higher level of skill and a greater degree of flexibility from 

the operators and lower machine utilization to ensure a good reaction 

time to solving new problems. 

The prime constraint was the physical size of Manufacturing 

Division's shop floor which restricted Manufacturing Division's output 

to between 1/3rd and 2/3rds of M.E.L's production metalwork require- 

ments. 

The size of Manufacturing Division was important because: 

* It was not large enough to cater for M.E.L's 

total metalwork requirements 

* It was too large to act as a pure problem solving 

activity 
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* It was not large enough to contain a problem 

solving activity separable from the main production 

activity, but spanning a sufficiently broad area 

of technology and having enough capacity 

No opportunity arose to consider expansion of the existing shop 

floor because the company was already hard pressed for space. 

Other constraints, which made the management of Manufacturing 

Division difficult, were associated with the systems and interfaces 

between Manufacturing Division and other areas of M.E.L. In 

particular, no company wide system existed to estimate the implica- 

tions of changes in the required output of finished products from 

the Customer Divisions to changes in the likely load on Manufacturing 

Division which made it very difficult to obtain an adequately smooth 

load for efficient operation. The accounting system posed other 

difficulties in requiring that cost data be collected and that over- 

heads, capital and space costs be recovered at the operation level. 

The effect of the accounting constraints, apart from the high level 

of data collection necessary, was to distort the comparison between 

Manufacturing Division's costs and those of sub-contractors and hence 

decisions to "off-load" of manufacture in-house. The distortions 

exacerbated the loading difficulties. 

The effect of the conflicting requirements, the physical constraints 

and systems distortions meant that the load to the shop floor varied 

not only in level, but also in character. Operators and supervisors 

saw a load that was heavily production orientated at times and were 

pressurised to work efficiently to detailed and specified job 

instructions. At other times the load was orientated more towards 
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problem solving, when no instructions were available, but a high 

degree of skill was demanded. 

The continuously changing role demanded of the operators and 

supervisors was possibly a key underlying cause of the sociological 

problems of the project. The problems had existed for many years 

before the implementation of Group Technology was attempted and it 

seems likely that they were rooted in the conflict between the high 

level of skill demanded to fulfil the problem solving role and the 

lower emphasis on skill, but higher demands on measured productivity 

in the production role. 

The role conflict did not only affect supervisors and operators. 

The production control staff were not provided with an adequate system 

to cope with the changes in level and character of the load. Because 

the production control system demanded so much data, not only in the 

form of job instructions but also in the provision of detailed time 

estimates, a significant amount of time elapsed between a job being 

given to Manufacturing Division and its effect on the load being 

displayed. Additionally, no system existed to take into account the 

load presented in problem solving. The only method open to the 

controllers was to degrade the assumed capacity available from each 

operator in the control system to allow for this "sideways loaded" 

work. The degraded capacity distorted the performance measuring 

system and made the Supervisors’ and Production Controllers' jobs 

more difficult since work turned down by the Production Controller 

because of an assumed lack of capacity was sometimes taken by the 

Customer to the shop floor for "sideways loading" where he stood a 

good chance of getting it made. 
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These difficulties could well explain a large proportion of the 

observed sociological problems in Manufacturing Division, although 

as far as the project is concerned, due consideration should be 

given to the failure to include representatives from the Shop 

Floor, Supervision and Production Control at a sufficiently early 

stage in the project. Such a failure could well have meant that 

the operational staff in Manufacturing Division saw the Group 

Technology project as externally imposed and to be resisted or 

at most, put up with, rather than feeling a sense of ownership and 

looking for how improvements could make their job cleareror more 

rewarding. Fears of Supervisors and Production Controllers that 

the Cells would take over large parts of their jobs may have then 

become more important and deepened the gulf between themselves and 

the project. 

Although Group Technology may provide an eventual answer to this 

conflict, no solution is yet in sight. the answer would, however, 

appear to be more likely to be obtained given the clearer picture 

of the real requirements of M.E.L. from Manufacturing Division 

generated by the use of the new manufacturing system and its greater 

ability to cope with problems as routine. 

The second underlying factor limiting the progress of the project was 

possibly the low level of the initial installation, Thornley (46) 

has advocated a total approach for the installation of Group Technology 

in a company and Burbidge's survey (8) of many installations has 

indicated that “low key" attempts starting with one or two trial cells 

are much less likely to suceed than a high key project initiated and 
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led by top management. A low key project is likely to flounder when it 

meets difficult interface problems or has to take policy decisions into 

account that were made in isolation from the project. 

Examples of such difficulties associated with this project were: 

* The failure to obtain agreement to modify the payment 

system. The lack of suitable compensation was the stated 

reason for the operators unwillingness to cooperate and 

provide the flexibility necessary to obtain maximum benefits 

from Group Technology. The non-cooperation of the operators 

was a serious set-back to the implementation and was only 

partially overcome by the unification of the turning cells 

(described in Chapter 5) and the production control system 

modifications (described in Chapter 6). The failure seemed 

mainly associated with management's fear of potential 

difficulties with staff in areas not implementing Group 

Technology and exemplified the interface difficulties of 

a low key project. 

* The policy decisions to purchase 3 automatic lathes. These 

new machines were the first automatic lathes to be used in 

Manufacturing Division and some technical difficulties were 

experienced with their introduction. They represented a 

significant change to the capacity of the trial cell and 

gave M.E.L. the ability to manufacture significant quantities 

of work previously sub-contracted. Because no methodisation 

or load time information existed on this work, the effect 

of the new machines on the capacity of the trial cell could 

only be roughly estimated in comparison with the careful 
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and detailed analysis that led up to the original cell 

design which did not include the automatic lathes. New 

problems were encountered with operators who objected to 

their jobs being, at times, devoted to finishing large 

quantities of parts which could not be fully dealt with 

by the automatic lathes. Additional problems were generated 

in production control of the larger batches capable of being 

digested by the new machines and in achieving a good balance 

of work in the cell without devoting its full capacity 

to completing a large batch from the automatic lathes to 

the exclusion of most other work. The performance measure- 

ment systems were distorted because they assumed that one 

operator was required to work each machine which was no 

longer true of the automatic lathes. Even though the worst 

effects of distortion were eliminated from the measure- 

ments, doubt was thrown on an important part of the 

cost benefit analysis. Coping with these problems 

and helping to solve the technical problems associated 

with the introduction of the new machines diluted the 

efforts of the project team and delayed the progress 

of the project. 

* As yet no progress has been made on persuading design 

departments to include Group Technology principles in 

the design program. Consequently, parts family manu- 

facture and standardization of metalwork features and 

components does not take into account the new techniques 

until the parts are made by Manufacturing Division. 
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Not only does this reduce the benefits of the new 

system, but it increases the load on Manufacturing 

Division who has to code its own drawings and 

take into account a perhaps unnecessarily wide 

spread of technology 

At least part of the delay in modifying the produc- 

tion control system occurred because of priorities 

other than the Group Technology project. However, 

the main delay was the need to satisfy the new Plant 

Director of the appropriateness of the new ideas to 

M.E.L's needs before the modifications were allowed 

to commence. 

Some key production control problems were those con- 

cerned with the interfaces with the customer divisions 

and the support organisation. The project as 

structured, was not empowered to tackle these problems. 

It is, of course, sheer speculation as to whether a higher key project 

would have been more successful than the project conducted, which was 

low key in nature. 

Arguments supporting such a theory include: 

* High key projects tend to get more advance thinking 

prior to setting up. In M.E.L's situation, some form 

of cost justification would probably have been demanded 

in advance of starting the project which would have 

obviated the delay and change of direction half way 

through 
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* High key projects get more and better people on 

them, It is obviously difficult to be objective 

about the quality of people on M.E.L's project, but 

representatives from Supervision, Shop Floor and 

Supporting staff in Manufacturing Division, plus 

others from the interfacing areas of design, the 

Customer Divisions, Personnel, Accounting, etc., if 

Properly managed, could have produced a higher rate 

of progress on a broader front. Particular problems 

that might have been tackled more effectively by such 

a team include those of operator payment, interfaces 

with the customer divisions and incorporating Group 

Technology in design. It was noticed that incor- 

porating a representative from the computing department 

did much to reduce any interface problems in this area. 

= High key projects get taken into account when policy 

decisions are made. Whether or not the automatic 

lathes would have been purchased, is perhaps not so 

important to the argument as is the mechanism of a high 

key project that would have taken such factors into 

account or delayed the purchase until a full examination 

of the effects of the new machines had taken place. 

* High key projects can tackle bigger and more fundamental 

problems. Arguably, it is more likely that the 

conflict in Manufacturing Division's role would have 

age he



9.2.2 Limiting Factors cont'd. 

been tackled and solved by a high key project. It must 

also be recognised that no scope existed on the project- 

for examining more fundamental groupings of products and 

manufacturing facilities, such as integrating part of the 

metatwork activity with assembly areas and combining 

Manufacturing Division with model shops, etc. F A much 

higher level project would have been needed to tackle 

these problems. 

Against these arguments for high key projects are the problems associ- 

ated with the pace necessary for a project involving a large number 

of people and a high level of Gnatces The rate of improvenent 

associated with the project musttbe maintained or its cost will come 

into question. If the pace demanded is too high, stubborn problems 

requiring time for their solution may get overlooked. Particular 

dangers are to be associated with problems of the sociological type 

encountered on this exercise. When people are being asked to change 

their attitudes, it seems doubtful whether a greater number of more 

socially skilled people telling them to do so will have the desired 

effect. Whilst skilled industrial relations expertise may help, 

there are perhaps problems that only time will solve and there is a 

distinct danger that high key projects could flounder on such problems 

or leave them unsolved only to have their re-appearance reduce or 

eliminate the long term benefits accruing from the installation of 

Group Technology. 

9.3 Effects of the Computer 

The use of computers has proved to be a key influence on both the 

direction and progress of the project. 
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9.3.1 Analytical Phase Effects During the analytical phase 

(see Chapter 5), two main separate courses of action were followed: 

one applying the modified Opitz code to drawings and the other 

developing the data capture system and the means of accessing and 

analysing the file produced. Only when both exercises were complete 

was it possible to embark on designing a new cellular structure for 

Manufacturing Division. The effectiveness of such a process depends 

on the speed at which the desired ends are reached, the quality of 

the analysis produced and "spin off" benefits that were a feature 

of the particular approach adopted. 

In many one off analytical situations, a computer approach may take 

longer and cost more than more simple manual methods. However, 

although there is no control against which to truly evaluate the 

M.E.L. project, a case can be made for the efficacy of the computer 

solution in this situation. 

First, although the analysis was only carried out for the General 

Machining area, the computer system is equally applicable to the N.C., 

Sheetmetal and Process areas with little or no modification. Any 

modifications are likely to be restricted to coping with a different 

classification system which will have only small effects on the 

programs and no structural effects on the files generated by the system. 

Secondly, the data capture system was operating before the end of the 

coding exercise and its development was thus not on the critical path 

of the project. 

Thirdly, the time required to finish the analytical programs on the 

360/135, to transfer data to the time sharing computer and to develop 

the analytical programs was small and was completed well before their 
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use was required by the project. 

Fourthly, the use of the time sharing - interactive techniques - added 

Power to the analytical process, allowing the evaluation of a 

considerable number of alternatives in avery short time. A very 

effective man/computer interaction was observed to weld the Produc- 

tion engineering skills of the project team and analytical power of 

the computer together. This part of the analytical phase was 

arguably both the shortest and the most effective part of the project. 

Fifthly, a large measure of confidence in the results was generated 

by using a computer system. Once tested, the computer programs were 

known to produce accurate analyses and the "authenticity" of an out- 

put on computer paper in the minds of people not familiar with 

computing techniques should not be underestimated. Trust in the 

accuracy of the results and the resulting conclusions was probably 

important in reaching the decision to create the trial cell. 

Finally, the data capture system provided the basis for an ongoing 

archive of computer data on every day events in Manufacturing Division, 

which, although Previously missing from the Production control system, 

provided a basis for the improved performance measures described in 

Chapter 6 and for several new and different analyses since. The 

cost justification experiment could not have been carried out without 

a much greater data collection exercise than was necessary because 

the data capture system existed and lately, the system has formed the 

basis for investment decisions on new equipment in Manufacturing 

Division, 
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Since none of the benefits described above would have been achieved 
by the use of manual methods, which in any case might well have 

consumed more labour than the development of the analytical system, 

the overall effect of the computer on both the time scale and the 
effectiveness of the analytical process must be regarded as bene- 

ficial with extra "spin off" benefits for the future which should 

not be underestimated. 

9.352 BA Packaged Alternative At the start of the project, a 

packaged alternative based on Production flow analysis was considered 

and rejected. Much of the data Provided by the data capture system 

would have been necessary to provide as input to the package and 

the fees that would have been necessary to pay to gain access to 

the package were large. Few of the "spin off" benefits that were 

obtained from the in-house system would seem likely to have been 

obtained from the package, although the support necessary to develop 

the use of the Package in M.E.L. would probably have been similar. 

The experience gained in the manipulation of the data in the Group 

Technology data files, was valuable in improving the company's 

understanding of Group Technology. This experience would not have 

been gained through the use of the package because of the commercial 

secrecy surrounding its structure. The commercial secrecy might 

also have reduced the trust in the results provided though the use 

of the package. In hind-sight, the decision not to use an externally 

developed package was probably right. 
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93.3 Production Control System Modifications A large part of the 

project was devoted to modifying the production control system to 

reflect Group Technology principles and to allow better control of 

a cellular organisation to take place. In assessing the role of 

the computer in this part of the project,there are a number of impor- 

tant considerations. 

At the start of the Group Technology project, the computer already 

had a substantial role in Manufacturing Division in the shape of the 

production control system. This system not only formed the basis 

for production control, but also provided the vehicle for the com- 

munication with the Customer Divisions and of methods engineering 

and timing information to the shop floor. The system was deeply 

entrenched in Manufacturing Division after many years of use ai the 

support organisations of "Planning" and "Production Control" were 

built round the needs of the system. The routine management process 

of Manufacturing Division was also built round the inputs and outputs 

of the Huizen system, so any modifications to its use were not to be 

undertaken lightly. 

It is claimed (46) that Group Technology reduces paperwork and since 

the production control system constituted the majority of the paper- 

work in Manufacturing Division the modifications to the production 

control system should be viewed in the light of this claim. Chapter 

shows that whilst the amount of paperwork involved in the production 

control system did not go up significantly, it did not decrease sig- 

nificantly either, although the revised system would appear to be 

more manageable. The quantity of data collected has remained sub- 

stantially unchanged. The modified Opitz code is added, but this 

is not essential to the operation of the system so the only real 
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9.3.3 Production Control System Modifications cont'd. 

additional data is that necessary for description of the cells and 

to divide the job instructions up so that correct routing may take 

place. The additional load to provide this data is not significant. 

The information provided by the system has been modified rather than 

changed in volume and reorientated to: 

* exploit the cellular structure of Manufacturing 

Division by division of the production control problem 

into more manageable sections 

* elevate the importance of delivering to due date and 

achieving short lead times by providing appropriate 

performance measures 

* provide a pressure and a means for 

managing the cells as semi-autonomous "businesses" 

by appropriate Organisation of the information 

output from the system. 

It is difficult to speculate on the future success of these modi fica- 

tions or on the true relative load of the new system vis-a-vis the 

old whilst the Production Control section has to operate both the 

new and the old systems at once. Only when Manufacturing Division 

is fully cellularised will the true effectiveness of the modified 

system be revealed, 

If the modified system succeeds in establishing the cells as businesses 

it may be possible for the management to consider some more drastic 

Surgery on the system and its associated overheads, Such a step 

might involve: 
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* a policy decision to eliminate cost data collection 

at the operation level 

* a demonstration that the divided production control 

problem can be handled without a great deal of paper- 

work support 

* development of a more simplified means of establishing 

the long/medium term load in Manufacturing Division 

vis-a-vis that required so that good deliveries can 

be maintained and a rational off-loading policy 

followed 

* development of simplified performance measures 

* a demonstration that job instructions are either not 

needed or can be more effectively communicated to the 

shop floor. 

At this stage, it is difficult to visualise how such extensive modi- 

fications could be successfully attempted. However, some scope is 

seen for reducing the time lapse between receipt of an order and 

issuing it to the shop floor by better systems design and a more 

appropriate organisation along the lines suggested in Chapter 8. 

It must, therefore, be concluded that, at least, in the exercise so far, 

Group Technology has not so far reduced the paperwork or the associated 

overheads. However, the measured improvements indicate that Group 

Technology produced an incease in the trial cell's performance without 

a significant increase in the paperwork. 
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There are also important underlying implications of what happened 

and what was achieved, 

First, because the system was so deeply entrenched, the organisation 

was accustomed to control and costing being done in the manner 

indicated. A high level of control was expected and the Group 

Technology project was started mainly to improve the performance of; 

Manufacturing Division to be in line with that seen to be needed by 

the business. A reduction in overheads was not one of the objectives 

but an improvement in control was. In an organisation faced with 

control rather than cost problems, it is probably less likely that 

simplification and reduction of the control system will be tackled. 

M.E.L. is now entering a more cost conscious phase, so it will be 

interesting to see if reduction of control costs and simplification 

of the control system becomes an important future objective. 

Secondly, an important defect in M.E.L's production control process 

is the separate nature of the Huizen system. In building the data 

file to design the new organisation, special links, both computer based 

and manual, were forged between the Huizen system and other systems in 

M.E.L. These links proved too difficult to maintain on a permanent 

basis and so there is no direct means of assessing the implication 

of a change in either the product delivery or stock situation on the 

load on Manufacturing Division. The partial nature of M.E.L's 

control system may be producing effects of sub-optimisation which 

may be deteriorating the company's delivery performance and stock 

investment unnecessarily. Recently, a simple system has been 

installed to indicate the resource implications of a commercial 
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forecast, which may go at least part way towards solving this problem, 

but a permanent solution seems more likely to lie in the company's 

moves towards a data base which would make a fully integrated control 

system more possible. Such a system would allow speedier and more 

effective management of the interfaces between Manufacturing Division 

and its customers, together with improvements in stock investment and 

delivery performance by more effective batch sizing and control. A 

related improvement might be possible in the use of Manufacturing 

Division and sub-contractors via a better understanding of Manufac- 

turing Division's role along the lines suggested in section 9.2.2, 

Thirdly, the modified Huizen system provides only limited help on 

the problem of job sequencing to exploit the benefits of parts family 

manufacture in M.E.L. The “Ouija boards" described in Chapter 6 

are difficult to set up and provide only a modicum of assistance to 

solving complex sequencing problems. Chapter 8 suggests a real time 

computer system to evaluate more sequences more easily and quickly 

together with some ideas for fully automating the problem solution 

on a quasi-optimal basis. 

It is therefore, concluded that the modified Huizen system represents 

an interim solution to the production control problem in Manufacturing 

Division. The problem of routing jobs to cells correctly has been 

solved with minimal change to the system and its surrounding support 

organisation and management processes and the information is better 

organised for improved control of the cells as "businesses" and for 

the exploitation of parts family manufacture. However, further 

development is necessary to fully overcome the problems associated 

with the interfaces between Manufacturing Division and its customers, 
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the "production" and "problem solving" role conflicts and job 

sequencing. This development should take into account further 

revision of Manufacturing Division's organisation - particularly the 

support areas and the potential for reducing the cost of control. 

It is also important to note the importance of the success of the 

system modifications to the Group Technology project. The Manage- 

ment was not prepared to go ahead with construction of further cells 

until the success of the system modifications had been demonstrated. 

Consequently, it must be concluded that, on this project, the control 

system was a major influence on both the direction and progress of 

the implementation of Group Technology in M,E.L., particularly since 

it provided the means of bridging a desired change to the shop floor 

organisation and methods within the constraints of minimal changes 

to the methods and structure of the support organisations and of the 

accounting and other systems operating in other parts of M.E.L. 

9.4 Other Ideas and Conclusions 

During the course of the project, several opportunities occurred both 

for the employment of new ideas and for observations of the effective- 

ness of existing techniques in Group Technology. 

9.4.1 Analytical/Learning Processes Chapter 5 examines the 

effectiveness of the analytical process leading up to the design of 

the trial cell. It is clear that the analysis produced only part 

of the information necessary for the design of the cell. By itself, 

the analysis could not have achieved the end result. It was 

necessary to use the information from the computer in conjunction with 
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a good deal of knowledge and judgement of both the potential benefits 

of Group Technology and Manufacturing Division's particular situation. 

At the start of the project, no one person possessed sufficient 

information to embark on a "peripatetic" design of a cellular 

system. An important aspect of the analytical approach was, 

therefore, a mutual learning process to combine the necessary skills 

for the design of the cells. In hind sight, the Opitz code was 

probably not the best classification system for M.E.L's future needs 

but, as an existing and verified system, it provided a good vehicle 

for the project team to get an objective view of how best to install 

Group Technology in the General Machining area. The combination of 

the classification exercise and the data gleaned from existing methods 

provided a powerful learning process for all involved. A particular 

feature was the "real time" analysis of the data which allowed a 

powerful learning-by-experiment process to take place. 

It is only speculation to consider whether Production Flow Analysis 

would have achieved a similar result, but perhaps the opportunity will 

exist to compare the two approaches when the design of sheetmetal and 

process cells is attempted. 

9.4.2 The Computer as a "Bridge" The use of the restructured Huizen 

system to bridge the reorganised shop floor with the existing Methods 

Engineering and Planning process has already been mentioned. The 

power of data processing information systems in bridging interfaces 

between different organisations is not to be underestimated. Good 
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computer systems design, however, can compensate only in part for 

bad organisation design. Better solutions should be looked for 

first in improved organisation design, rather than more clever systems. 

At best, a computer system can only overcome those shortcomings of 

the organisation that are amenable to solution by provision of better 

information. Such a solution is no substitute for good organisation 

eliminating the interface problems. It is, therefore, believed that 

reorganisation of the support areas in Manufacturing Division must 

be looked at before the full benefits of Group Technology can be 

realised. 

9.4.3 The Computer as an Aid to Measurement The power of the 

computer to glean extra information from data that is collected as 

part of an ongoing operation provides a means of avoiding at least 

part of the Hawthorne effect that poses such problems in judging the 

improvement gained by a new organisation. The cost justification 

experiment illustrates this point well, but it should be noted that 

in an industrial situation, it is very difficult to eliminate the 

effects of a measurement process on the results obtained from a group 

of people. It is not safe to assume that, simply because the 

computer stands between those measured and the person doing the 

measuring, the Hawthorne effect is eliminated. A truely valid 

industrial experiment is very difficult to envisage and it is certainly 

not claimed that the experiment reported in Chapter 7 comes into this 

category. However, it seems likely that the gleaning of extra infor- 

mation from data provided to the computer as part of the normal process 

provides a significant means of reducing the impact of the measurement 

process on the results obtained. 

= 163 -



9.4.4 The Computer asa Decider The most common use of computers 

in an industrial situation involves simple calculations and sorting 

processes only. In two cases on this project, the computing was 

extended into the area of routine decision making. The first 

example is the solution to the routing problem where production 

group numbers on jobs were matched with those occurring in the cells 

to specify which jobs should be loaded to each cell. It was noted 

that such a solution could not be obtained by the use of a classifi- 

cation system appropriate to the geometry and surface features of 

the parts themselves, although this problem certainly does not rule 

out such solutions in other situations. The approach used is probably 

not appropriate to production situations where individual machines 

are numberedsince routing at the machine level rather than the group 

level might solve the routing problem more easily. However, given 

the particular situation in Manufacturing Division, the structure of 

the Huizen system and its data, the solution produced is believed to 

provide a good decision making process with little perturbation of 

either the system or its data and much less work for Manufacturing 

Division than if a manual decision making process was adopted. 

The second example is in the simulation model mentioned in Chapter 8 

that is currently being used to evaluate the potential for job 

sequencing and parts family manufacture. Here the essence of the 

computing process is to evaluate an adequately large number of possible 

job sequences, select the few that look the best and present the 

results for final selection by management. The approach is still 

in its infancy, but is already showing promising results and could 

form the basis for automated job sequencing in the future. Such 

uses of the computer, particularly if provided in "real time" to allow 

exploration of viable alternatives on a “what if"? basis (c.f. the 
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analysis of data prior to cell design) would provide a means for 

considerable improvement of routine management decision making. 

Areas of particular interest for the future of Group Technology in 

M.E.L. include evaluation of in-house / sub-contracting decisions 

and batching decisions. 

9.5 Coda 

The computer has proved to be a major influence on the project to 

implement Group Technology in M.E.L. It has helped in the analysis 

of data, cell design and production control. The presence of an 

entrenched computer based production control system was a key 

influence on the methods adopted and the extent of the re-organisa- 

tion. Whilst only one influence on a project that had to cope with 

the complexities of implementing Group Technology in a large multi- 

product company and in an area with some difficult pre-existing 

sociological problems, the presence of the computer was important. 

The wider use of computers in manufacturing industry means that the 

relationship between computers and Group Technology will have to be 

taken into account and it is felt that a great deal of extra work will 

be necessary before the areas touched on by this thesis are fully 

understood. 

Edwards and Schmitt (48) concluded that: 

"The impact of the cell system on production system design is almost 

unknown because the flow line and functional systems have been 

perceived as the only two manufacturing systems and Group Technology 

is being seen merely as a new technique". 
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The problems encountered during this research have indicated that a 

total view of the manufacturing system is important in an implementa- 

tion of Group Technology which must take into account the complexity 

of the relationships between parts, people, machines and information 

systems before a satisfactory implementation of a new manufacturing 

system can be achieved. 
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CHAPTER 10 

CONCLUSIONS 

Group Technology is not merely a new technique, it represents 

an alternative approach to the design of manufacturing systems. 

If the full benefits of Group Technology are to be realised, 

far reaching changes to a company's organisation, systems and 

methods may be necessary. 

If the extent of the changes required to fully exploit Group 

Technology is not realised at the outset and the implementa- 

tion project managed accordingly, the full benefits of the new 

manufacturing system may not be obtained. 

Because computer based management information systems can 

have a powerful influence on the design and operation of 

manufacturing systems and because of the wide and still spreading 

industrial use of computers, it is important to consider their 

potential application as part of a project to install Group 

Technology. 

The extent to which a company has access to and is familiar 

with using computer based information systems can have an 

important effect ona project to install Group Technology. 

Where significant computing expertise exists in a company, 

it appears undesirable to adopt a "package deal" approach to 

the implementation of Group Technology. It seems better to 

combine the company's own internal expertise on computing, 
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organisation and manufacturing methods with the required 

external expertise in Group Technology to install the new 

manufacturing system, rather than impose an externally 

developed system on the company. 

A computer can be of considerable assistance in providing, 

analysing and synthesising data to aid the design of a new 

shop floor organisation. 

It has been shown that a computer can be used to comb data 

from existing systems and combine it with data necessary for 

the incorporation of Group Technology principles to provide 

a data file suitable to support the design of a cellular 

organisation, 

It has been shown that simple decision rules can be generated 

to describe a cellular shop floor organisation in a way that 

enables a computer to select data appropriate to each cell 

and synthesise a forecast of cellular loading patterns. 

"Real Time" interrogation of the data file was found to be a 

powerful and effective means of combining the analytical and 

synthesising power of a computer with human judgement, expertise 

in Group Technology and knowledge of the organisation and methods 

of the area where implementation was being considered, to design 

an appropriate new shop floor organisation based on cellular 

principles. 
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Computer based information systems have an important role 

to play in supporting a manufacturing system based on Group 

Technology, particularly in areas of production control, 

design and payment. 

The work flow in a functionally based batch/jobbing produc- 

tion organisation can be simplified by moving to a well 

designed cellular organisation, which should reduce some 

Production control problems, but may introduce others which 

have to be solved before the full benefits of Group Technology 

can be realised. 

Operators and supervisors may not be able to provide the 

increased flexibility necessary to fully exploit Group 

Technology. The need for flexibility can be lessened by 

designing larger cells and by good support from production 

control. However, many benefits may still be lost if 

sufficient flexibility cannot be obtained. 

The faster reaction time required from Group Technology 

based manufacturing systems places a greater emphasis on good 

marshalling of resources and speedy solutions to problems of 

Operator absenteeism and machine/tool breakdown, 

In a Group Technology situation, control of production via 

the management of inter-operation job queues may no longer be 

possible because the queues are too short. There are also 

new shop floor routing and job sequencing problems to solve, 

all of which may pose problems for a conventionally designed 

production control system. 
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The new organisation may necessitate changes to the type, 

distribution and timing of information provided by the 

production control system. 

It has been shown that a conventionally designed production 

control system can be modified to accommodate the particular 

needs of Group Technology. 

An algorithm has been developed to enable the computer to 

solve the problem of routing jobs and information in a cellular 

organisation with minimal changes to existing data describing 

machine functions. The algorithm enabled an otherwise massive 

Program of modifications to an existing bank of production 

control data to be brought well within manageable bounds. 

The production control system was strengthened to provide 

better support for: balancing demands on flexibility by good 

capacity planning and scheduling aids; marshalling materials 

and tools prior to commencing production; aiding job sequencing 

to reduce setting times and avoid machine interference; 

performance measurement and the management of cells as businesses. 

An appropriately designed computer based information system, 

properly keyed into an effective routine management process, 

can do much to maintain the effectiveness of a manufacturing 

system, 

It is important for an information system to provide performance 

measures which relate to the key objectives of the area which 

it is supporting. Although existing information may already 

be provided on productivity and financial performance, in the
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Group Technology situation it is important to measure 

thru-put time and delivery performance. Pictorial presenta- 

tion of performance measures is effective and can be achieved 

by conventional computing facilities and algorithms which 

were developed as part of this research. 

The modified production control system provided a bridge 

between the new cellular shop floor organisation and support 

areas of production control, methodization, estimating and 

accounting which could not be reorganised at the same time. 

In some cases, it may not be desirable to change too many 

parts of a company's organisation and systems at once. 

Because the effects of Group Technology can be so widespread, 

it is important to provide a means of linking the areas where 

implementation has taken place with areas affected by the 

implementation, but which have yet to be reorganised accord- 

ingly. A computer information system can provide this bridge 

and thus generate the means for the more gradual spread of the 

new principles round a company and the avoidance of problems 

that might otherwise occur. 

In designing manufacturing systems an organisational solution 

to problems should be sought before attempting an information 

systems solution. 

The dependence of a company on its existing systems may have 

important ramifications for the implementation of Group 

Technology. The strength of the existing systems links with 
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the organisation may mean that modifications to the systems 

and the necessary re-training of the staff using them imposes 

high costs and long delays on the installation project. For 

this reason, adapting existing systems and providing bridges 

seems to be a better approach than re-designing from scratch 

or bringing in a new system on a “package deal" basis. 

There are particular problems associated with the introduc- 

tion of Group Technology into a complex multi-product company. 

These problems centre on difficulties of introducing changes in 

the areas suited to Group Technology without causing damaging 

effects in other areas unable, unsuited or unwilling to adopt 

the new methods. A particular problem is that of operator 

payment, 

Because Group Techastoay is most suited to the production of 

components, in the complex company, it is most likely to be 

implemented in areas which are suppliers of other areas 

assembling finished products. Good systems links between 

component suppliers and users are important if the better 

thru-put time and delivery performance achieved by virtue of 

Group Technology is to be properly reflected in a reduction 

of stocks and work-in-progress. 

It is important to strengthen the systems links between 

component design and manufacture if the full benefits of 

component variety reduction are to be realised. 
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It was shown that in the company studied, there was an 

important conflict between the production and problem solving 

roles of the area where Group Technology was implemented. 

The conflict undermined the effectiveness of the area, the 

relationships between the staff involved and the effectiveness 

of the production control system. The conflict caused extra 

difficulties and delays to the project to install Group 

Technology. 

The full cooperation of all staff liable to be affected by the 

implementation is important if maximum benefits are to be 

obtained from the new system. Of particular importance are 

Operatcrs who have to provide greater flexibility of working 

and supervisors who have to cope with the threat to their jobs 

posed by autonomous cells. 

At the working level, considerable efforts should go into 

building trust and understanding between management and the 

shop floor. Efforts should be made to reduce the threat of 

Group Technology by relating it in more familiar terms of 

changes to shop floor layout and the production control system. 

In Group Technology, it appears that groups of products, parts 

and machines are often the primary consideration whereas, 

in other industrial group working situations, people have a 

greater relative importance. A better balance between the 

needs of people and the perceived efficiency of the system 

might produce more effective results. 
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33. 

34. 

35; 

36. 

Group Technology provides the means for tackling poor parts 

standardization via parts family manufacture and sequence 

technology and for improving standardization via design 

retrieval based on component classification. 

Component classification systems are not yet ideal. A 

particular difficulty is the manifold requirement for a 

classification system in Group Technology viz. to support: 

organisation design and maintenance; parts family manufacture; 

job sequencing and routing in the new organisation; and 

information retrieval to improve parts standardization. 

Classification systems appear best suited to support standardiza- 

tion and parts family manufacture. The case for classifica- 

tion systems as the optimum basis for fulfilling the other 

needs has yet to be proven. 

The extent of the changes required to fully exploit Group 

Technology and the magnitude of the benefits to be obtained 

warrant a strong link between the implementation project and 

top management. If this link is broken or changed signifi- 

cantly during the project, important changes to the direction 

of the project may ensue which can delay the implementation. 

An industrial experiment that will truely establish that 

improvements in performance are specifically due to the 

implementation of Group Technology may be difficult to design 

and conduct, 
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37. 

3Ce 

39, 

The problem of justifying the start or continuation of a project 

to implement Group Technology can be eased if a computer can 

be used to provide the necessary data from that collected to 

support existing systems. Not only is the data collection 

task reduced, but also, Hawthorne effects may be minimised. 

Whilst the implementation described in this thesis was only 

partially complete at the time of writing, significant 

benefits were demonstrated and opportunities for future develop- 

ment identified. 

A total view of the manufacturing system is important in 

an implementation of Group Technology, which should take aie 

account the complexity of the relationships between people, 

machines, parts and information systems in achieving the 

objectives of the business concerned. 
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APPENDIX 1 

THE HUIZEN SYSTEM 

The purpose of this appendix is to describe the Huizen System and 

its related management processes. A fully detailed description is 

not given, but an attempt is made to give enough understanding both 

of the system to support the arguments for the modifications described 

in Chapter 6 and of the data that was used in the analysis described 

in Chapter 5. 

Figure 62 shows the main events in the production control process. 

10 parts of the organisation inter-related with the system: 

* Manufacturing Division's Production Control, Customer 

Liaison section who negotiated with the Customer 

Division on promised delivery dates on the basis 

of the known load in the system and the customer 

requirements 

* Manufacturing Division's Methods Engineering ("Planning") 

section who detailed the methods necessary to manufacture 

each part and decided to which machine group the jobs 

should be loaded during the manufacturing process. 

Theyalso specified the material to be used in type 

(from the drawing) and quantity 

* J.E.0's estimating section who worked out the standard 

time (set and run) for each operation 
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Manufacturing Division's Scheduling Section who 

decided on the due dates for completion of individual 

operations on each job with reference to the due date 

agreed with the custoner 

Manufacturing Division's Data Preparation section 

who punched data onto paper tape and liaised with 

the computer department. They also held the files 

of data previously input to the computer 

1.S.A. department who transcribed the information on 

paper tape onto magnetic tape for input to the computer 

and who ran the Huizen system 

Manufacturing Division's Production Control Progressing 

Section who loaded jobs to the shop floor and managed 

their progress until delivery was achieved 

Shop floor staff who returned data on time taken, 

quantity passed to the next operation, etc. 

A system liaison officer who was responsible for managing 

the allocation of production group numbers (signifying 

groups of similar machines) and "trouble shooting" any 

technical difficulties with the system by liaison with 

the I.S.A. department 

Accounting staff who used the data provided on times 

taken to compile "job costs" which were required by 

some customers. 

The data needed to run the system was kept in 5 files. 

aa Drawing files containing drawings of all parts which 

were being or had been previously made by Manufacturing 

Division in drawing number order 
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* Master layout files containing a copy of the 

manufacturing instructions and the paper tape 

used last time a job was made. Master layouts 

were held in drawing number order 

* The computer master file on magnetic tape containing 

all data necessary for the computer system to run 

on current jobs and data on time taken, start and 

finish dates and quantities passed to the next 

operation for each completed operation. For the 

order and structure of this file see below 

* Work packets containing the drawing, the manufacturing 

instructions and punched cards for the return of 

data from the shop floor. One work packet was 

produced for each job and accompanied the job throughout 

the entire manufacturing process 

* The “dead layout file" containing the job instructions 

on completed jobs. Comments were written on the job 

instructions as the job progressed and the "dead" 

layout was used to answer customer queries after the 

job had been delivered. 

The computer system followed standard "first generation" (tape 

based) design practice. The system was based on one "master file" 

containing all the data on every job "in the system". The master 

file structure is shown in figure 64. It will be seen that data 

pertinent to each job was structured into a sequential series of 

records as follows: 
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* The "Header Record" containing details of the 

job starting with the job number and going on 

through such details as the quantity due to be 

delivered, the allowance for scrap, the planner 

responsible for detailing the instructions, etc. etc. 

* "Operation Records" (one for each operation in 

sequence) containing detailed manufacturing 

instructions, set run and calculated total load 

times for the operation, due start and finish dates, 

the machine group on which the job was to be run, 

any special tools required, etc., together with 

space for recording actual performance (start and 

end times) and the clock numbers of the operator 

performing the operation 

* A material record containing a specification of the 

material and quantity required together with the 

date when the material was needed. 

The data fields within the records were similarly organised, but not 

identical. The system designer had clearly attempted to follow the 

same basic record structure for all records departing from this only 

when he had to. Space was allowed for further unspecified data by 

the provision of "filler" fields left blank until future modifications 

to the system might require their use. Some data was duplicated in 

different parts of the records to minimise processing time. 

The file was held in job number order, the job number being a composite 
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of the "works order number " (indicating the Customer Division and 

product, authorising expenditure and against which costs would be 

collected), the drawing number and batch number. 

Processing was strictly sequential and required about 8 hours 

per week to process the data on about 3000 jobs. Core required was 

limited to 64K 8 bit words. 

The system followed for data input depended on whether or not 

Manufacturing Division had made the part before. A description of 

the process appropriate to a new job will be given, followed by indi- 

cations on the changes to the process if the job had been made before. 

Step 1 Customer Liaison - Input 

Customers would approach Manufacturing Division armed with a works 

order number, a full set of drawings for the parts they neededand a 

list of the quantities required obtained from the P.D. system (see 

section 4.4.2). After studying the drawings in conjunction with 

the Head of the Planning Section, the Head of Production Control would 

estimate the total load represented by the job and negotiate a 

delivery date on the basis of the known existing load (provided by 

the system on a tabulation formulated as shown in figure 43) and his 

estimate of the load represented by the new job. 

Step 2. Initial Data Input - Material Ordering 
  

Having obtained agreement on the due date, a Planner would open a 

layout form (see figure 65) and supply basic data on the job and 

the material required. The form would then be passed to Manufacturing 

Division's data preparation staff who would punch a paper tape from 

this information on "Flexowriters". The information would be passed 

to the computer which would consolidate the information on all new 
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jobs submitted onto a weekly tabulation listing the material 

required (see figure 66). The Production Controller's Material 

Control Clerk would check material stocks and order any new material 

requirements via a Purchasing Department Instruction form. 

Step 3. Methodization 

The master layout form and the drawing would be passed back to the 

Planning Section who would detail instructions for each process 

necessary to complete the part and decide on what machine group 

each process should be conducted. Any special tools were listed 

at this point and the requirements communicated to the Tool Room 

in Manufacturing Division (see below and figure 67). 

Step 4 Standard Times 

The master layout and the drawing were then passed to the T.E.0. 

department where standard times (set and run) were worked out and 

added to the form. 

Step 5 Scheduling 

The completed layout form was then passed to the Production Control 

Section who decided on the due dates for each operation with respect 

to the due date for delivery of the completed part and on any neces- 

sary down batching with reference to the existing load and operation 

times per machine group. 

Step 6 Computer Input 

The layout form was transcribed onto paper tape by the Data Prepara- 

tion staff and then onto magnetic tape and into the computer. The 

Huizen system contained two levels of screening programs: one to 
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check for invalid characters and pari:ty errors and another to check 

that certain specified fields were within allowed ranges. Any errors 

were passed back to the Data Preparation staff for correction. The 

completed information was matched with the job and material data 

already input by means of the job number. 

Step 8 Material Progressing 

Each week the entire system was run twice, but not all the tabulations 

were generated at each run. In particular, the major progressing 

document was generated once each week. This document was known as 

the "work issue list" - see figure 45. The work issue list contained 

details of each operation on all jobs from 4 weeks before their due 

start date until they were recorded as delivered. An indicator 

showed whether material was available, being set by return of a 

"material ready" punched card to the system when the material arrived. . 

Any jobs "held" for lack of material and hence unable to start their 

first operation would have their "material ready" indicator shown as 

zero. Each week a progress clerk chased any material needed within 

the next few weeks on the basis of the information on the work issue 

list. 

Step 9 Shop Loading 

Each week, the computer would generate a set of pre-punched cards 

for all jobs due to start 4 weeks hence. The cards were: 

* A material ready card 

* A start card for each operation 

* A finish card for each operation 

* Three "remarks cards" for notifying any particular 

reason for a job being held up at a particular 

operation - e.g. tool failure 
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The cards were sorted into operation order and placed in a wallet 

with a copy of the operation instructions generated at the same 

time as the cards (see figure 68) and a copy of the drawing retrieved 

from the file. The "work packets" as these jobs were known, were 

then stacked according to the due start week and the machine groups 

where they were to be worked on. Each week the "shop loader" 

distributed the work packets due to start and re-distributed jobs 

that had been completed by one section, together with the part- 

finished items, to the next section shown on the operation instructions 

using the work issue list as his overall guide. 

Step 10 Manufacture and Data Recording 
  

Operators either collected a new job from the waiting stock of work 

packets or the trays of work-in-progress. Their first action was 

to punch the start card for return to the computer. The start card 

contained details of the job and operation to be started and the 

"clocking" action recorded the start time of the job, The operator 

would set up his machine and run it to complete the operation. Once 

completed, the operator would record the mumber passed to the next 

operation on the "finish card" together with his clock number and 

"clock off" the job. 

Step 11 Progressing 

The work issue list (figure 45) was the prime document used for 

Progressing as well as details describing the job and the operation 

immediately due, the previous and next machine groups processing the 

Job were shown, The work issue list was shown in order of the due 

week of the current operation. The other printout used for progres~ 

sing was known as the "micropert" (see figure 49). The micropert 
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was printed in job number order to group jobs by Customer Divisions 

A list of the machine group numbers to be visited by the job before 

its completion was given (any completed operations were shown as 

dashes) together with a pictorial representation of the state of 

progress against the delivery schedule. The "micropert" was easy 

to read and gave an immediate picture of any late jobs liable to 

slip beyond the due date. The micropert was the prime document used 

to liaise with customers when jobs slipped or re-scheduling was 

required by either Manufacturing Division or the customers for 

other reasons. 

Step 12 Inspection 

After completion of manufacture, jobs were inspected to ensure that 

they met the specification. Any rejects were either repaired by 

"sideways loading" - negotiated between the inspector and a supervisor 

direct without notification to the system or rejected for replace- 

ment by a new batch after Production Control had been notified and 

had made appropriate negotiations with the customer. The quantity 

passed for delivery was marked on the delivery card which was stamped 

by the inspector who also sent the operation instructions to the 

dead layout file and the drawing, back to the drawing file. 

Step 13 Delivery 

The job was sent to stores with 2 delivery cards. The first card 

was kept with the job for eventual use by the customer, the second 

card was used to up-date the stock records and was then returned to 

the computer. On receipt of the delivery card, the computer would 

delete the data on the job from the master file and hence from any 

future tabulations. 
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Step 14 Performance Measures and Job Costing 
  

Each week a tabulation for each machine section was produced showing 

the achieved productivity, which was computed by comparison of the 

standard and actual times for the operations (see figure 53). The 

standard time included a percentage learning allowance (computed from 

a look-up table) dependent on the batch size and credit was given for 

work on which no proper standard time was available at an agreed rate. 

The actual times were accumulated under each works order number and 

the total charge notified to the accounts department each month on 

an "Admin. Routines" report. The job cost was worked out as simply 

the product of the hours worked and an hourly charge inclusive of 

wages, salaries and overheads, and an allowance to recover capital 

and space employed in the manufacturing process. 

In cases where Manufacturing Division had made particular parts before, 

the planning and estimating stages were omitted, unless the Production 

Controller felt that re-planning was called for. The master layout 

and paper tape used the last time the job was made, was retrieved 

from the master layout file and after any appropriate amendments, 

particularly to the due date, transcribed into the computer. The 

Huizen system contained a facility for automatically amending all the 

operation scheduled dates according to the new due date and the time 

lapse between the old and new due dates. 
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ILLUSTRATION OF COMPONENT FAMILIES 
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FIGURE 4 SIMPLIFICATION OF MATERIAL FLOW WITH GROUP LAYOUT 

1, COMPLICATED MATERIAL FLOW SYSTEM (FUNCTIONAL LAYOUT) 

  

    

  

    

2, SIMPLE MATERIAL FLOW SYSTEM (GROUP LAYOUT) 
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FIGURE 6 GROUP TECHNOLOGY AND ORGANISATIONAL CHANGE 

METHODS GROUP 
TECHNOLOGY 

CHANGES 
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FIGURE 8 A MODULE OF SWITCHING ELEMENTS 
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FIGURE 16 

  

SPECIFY PRODUCTS 
TO BE 

ANALYSED     
  

PHASE 1 PROJECT PLAN 

  

i 
  

)BTAIN PARTS LISTS 
\ND EXTRACT ITEMS 
(O BE MADE BY 
{ANUFACTURING 

  

TRAIN PEOPLS IN THE 
JSE OF THE OPITZ 
ODE 

SET UP DATA 
CAPTURE SYSTEM 

V 

OBTAIN 1 YEARS FORECAST 

OF PRODUCT OUTPUT 

  

    
  

DESIGN PROGRAMS TO 
ADD OPITZ NUMBERS 
& REQUIREMENT QTYS 
TO DATA BASE 

USE PARTS LIST DOCU- 
MENTATION SYSTEM TO 
SPECIFY COMPONENT 
REQUIREMENTS 

  

    
7OMPILE LISTS OF 
JRAWING NOS. AND 
JORRES PONDING 
SPITZ NUMBERS. 

  

      

    

COMPARE TO SPECIFY 
MISSING LAYOUTS 
ETC.   
  

ADD MISSING INFO- 
RMATION TO COMPLETE 

TA BASE 
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FIGURE 17 PHASE 2 PROJECT PLAN 

  

INTERROGATE DATA 
BASE TO SPECIFY 
COMPONENT FAMILIES 

  

  

  

  

  

  

  

  

        

DEVELOP GROUP ; KEEP ALL AFFECTED 
TECHNOLOGY CONCEPT STAFF INFORMED OF 
& PROPOSE POSSIBLE PROGRESS 
NEW ORGANIZATIONS 

ANALYSE LOADING _, | INVITE PARTICIPATION 
CHARACTERISTICS OF | IN ORGANIZATIONAL 
NEW ORGANIZATIONS RE-DESIGN 

PROPOSE NEW a RELAYOUT SHOP 
ORGANIZATION P<} FLOOR 

DEVELOP PERFORMANCE ANALYSE ACTUAL DEVIZE IMPLEMENT- 
MEASURING SYSTEMS WEEKLY LOADING ATION PLAN 

CHARACTERISTICS (i) NEW LAYOUT 
TO REFINE ABOVE se_| (44) NEW ORGANIZ- 

ATION) 
(iii) NEW SUPPORT 

SYSTEMS     
  

  

IMPLEMENTATION 
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FIGURE 18 OUTLINE PHASE 3 PROJECT PLAN 

  

LAYOUT AND 
STAFF TRIAL 
CELL 

DEVISE TEMPORARY 
SUPPORT SYSTEMS 
& ORGANIZATION 

  

  

  

  

AGREE PERFORMANCE 
MEASURES AND SET 
TARGETS 

  

  

  

RUN TRIAL CELL 
TO DEVELOPE 

ORGANIZE WORK 
LOAD ETC,   

PRACTIAL 
OPERATING 
SYSTEMS 
  

  

  

EXPAND TO 
INCLUDE WHOLE 
SHOP 

  

    
EXPAND TO 
OTHER AREAS 
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EXPAND TO OTHER 
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U.K. 
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FIGURE 22 DATA CAPTURE SYSTEM 
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FIGURE 23 SYSTEM FOR COMPLETING THE DATA BASE 
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FIGURE 25 FLOW DIAGRAM OF THE MANUFACTURING HOURS CALCULATOR 
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FIGURE 27 FLOW DIAGRAM OF THE LOAD ANALYSER 

  

     
      
      

       

    
    
     

    

    

On Line 
Data 

Transcription Org. Nos. 
of Data Base Opitz Nos. 

Set times 
run 

  

Read |, Opitz 
No. Drg. No. 
Set + Run 
Times 

  

   

  

Set up Item 
Selection gbeys Selection 
Rules Rules          

  

Compute 
Sub Totals 
and Grand 
Totals 

  

  

Print Results     
  

  

  

Compute Size 
Material 
Compute Addres 
in O/P array 

| 

Add Results 
to O/P 
array         

~ 216 = 

eee



      

   

      

FIGURE 28 

  

   

  

   
   

MALSRTAL  TLEMS § TURNING 2 ATILLING 
VSET RUT! ser RY 

ALUMINIUM 91 Io 192 1 2 1 
BRASS 36$ a7 ORE EY 
WILU STEEL 38 1 39 107 8 7 

aTALILESS YS EV Voda ba TP 
hT STFEL 8 5 10 16 3 
PLAST iva. 3 z 31 0 1 
CAST THON 0 0 0 0 0 
PRECIOUS 1 0 3 0 ° 
HE oRASS 1 1 2 1 3 
OfER> 1 1 ) ) 2 
FOTALS 202.1 232 2202 1 47. 201 

2435 $349 
PEOPLE, 1.691 2 _ 0.173 

YATERT AL TURNING f WITLING 
a {SET RUN 1 SET" RUN. 

ALU ALL tigi eteerstt tb Gulag 
RASS Neate te eee tr 937 ia 
“ho STSEL PaO hs 18 as, 
STALNLESS 20-4) 4 13. _ 80: 
br sree ieecieseuaon oO 2 
PLASTICS 63h oe Sac 0) 4 
GAoE TON ar we he 8 ¢ 
PRECIOUS. O18 = 50-t. 30 0 
HE SASS OLS age ea at yun) 
OTHERS 0 eae) 9. 
OEMS 12! Ge 999 139 | 193 
ete ae 1098} 32, 
BeGPLE Q.7037 ! ~~ C.162 

aALHT AL ! RILLING 
{ser Ruy 

ALGATNTUM O24 
BRASS ° 3 1 
MLD STE 4 a a 4a 
STAINLESS. __o 43... 290. 3 Be 
he Ste. a c 5 0 ) 
PLASTIC 1 Bouezed 1 t 

3) 0 3 0 2 
a it 20. ) ° 0 

ond ieay 2 1 2 
3. Siete ) o 
Sf fel, Tor Qi) 133 

ss z 708 loa 
ROP 0,534 0,108 

MATERIAL ITEMS 1 TURNING. 1 MILLING, 
1 Ser ! aN 

ALUAINTUM ! 3 
BRASS ! 3 
MILD STEEL 0 
SEALE 39 ) 
HE STEEL ° 

3t1Cs 3 
CAST LRON 9 
PRECIOUS 0 
dT pRASS 0 
OFRS 0 
TOTALS 3 

  

‘OPLE 

MATERTAL _LTEMS + 

  

MILD_STEEL 
STALL. eS 

    

   

      

    

  

4 
9.003 

TURNING 1 _AULLING 
afl RUN 1 SET RUN 

o oO pt a8. 
a a a1 0 0 
o 
wt 

=o 
ot 
0. 
0 

foe
 

   

  

ve
ep
 

   

          

    

   

    

  

    

  

   
   

  

   

  

    

O=1*ptA a 

{NC SECTION t DRILLING 1J1G BORING ! GRINDING 
SEY RUIN SST RUN PSST GUN FSET RUN 
‘Oe eh 3 Soe 

nano 7. oO 0 ) 
9 ah dH 3 22 
2 1 er 1B 
° To 9 $ 
0 9 0 ) 
0 ° 0 0 
0 0 0 0 
0 zeae 0 
0 ° 0 9 
2 14 124 201 

° 13 209 
9.007 1 0,0v6 6.100 

=" 2MIIA 

NC _SRCTIO GRINDING 
4 SET RUN. KUN A SET RUN 

° a a) ° 5 
0 ae 2 9 ) 
0 9 ° 1 Siees 
9 9 59124 113 
0 9: ° 0 > 
9 9. o 0 ° 
0 9 ° 9 9 
0 9 ao o 
y 9 9 ° 0 
9 D: sO 9 
0 a Sof 2S ' 

Lae O: 1.365 
00 4048 O.1> 

AMDIA 

SFTION GRIADINS 
tT fUY Sst RU 

& 113 “0 
0 a oO, 

1 20 0 
i2na0 9 1 
ro 9 0 
12.0 9 0 
roo 2 0 

ths 3 ° 0 
O a 0 
0 9 ° 
10135 1 

140, sd 
9.102 0.002 

SECTION GRINDING 
T RUN eT ET RU 
0 0 ote, 0 ) 
0 2 0 aot 6G ° 9 
Qoaat o a1 0 0 ° 
° 9 ° a) o ) 
Oe 2 Gone on 9 ) 

oO 9 0 o!: 0 0 9 
° ° D ot 0 0 ° 
0 0 o o!.0 ° 4 

oO o.1 ‘Oo ot o_ 0 3 
0 9 ° or oO o 

aa o1 2 ot oO 0 ” 
! 0 pn ante Tee gs 0 

1 9.000 0,006. + 209) 1. 9.000 

a 6.S= 108A 

INC SECTION {DRILLING 111G BORING 1 GRINDING 
{si RUN $550 BU !SET RUN SET RUN 
$0 0 Ot 0 a 
4 9 ot 0 ° 
! o oto a 

° Als 9 
ae 

9 
fy) 
0 
o 
9 
0     

1o- 168th 

217 

              

SHEET METAL 

  

OPTION 1 OUTPUT FROM THE LOAD ANALYSER 

OTHERS 1 
   

  

   

  

SEt+ RUY RUN 
1 271 52a t 
1 1410 0 

Sari 3 PS 9: 9 
Bath ao y 
0 2.406 ae 
0 ou 50 1a 
oO Or 0 o 
0 1d ee: of! 

On ae 
° ot 
9 40.4 

20 
0,035_4 

OTAERS 
"SET SET RUN! 

1 3 2 
' ay neg) 
2 a 2 
9 Ga 
o 9 o 
0 oO 0 
9 0 0 
° 0 o_ 
9 0 3 

oO o o_ 
° 4 a0) 

45, 
0,032    

  

e
o
s
o
o
u
s
s
 

e
o
c
e
 

    

e AL! OTHERS 
ET V'ser  RuY 

' S18. At. 
a.) 30 o 
qt, 0: Os 
»! 0 Oo} 

9 9 Of 
uv o% 
pre 0-8 
9 ot 
0 oO 
0 ot 
Bese Alt 
Bot 

9.039    
-OTHENS 4 

a 

   



  

  

FIGURE 29 OPTION 2 OUTPUT FROM THE LOAD ANALYSER 
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Analysis by Items - Sample Size Total = 982 Non-Rotational = 253 
%oages quoted are of the Non-Rotational Items 

| BY SIZE - As Given by G.T.C. Digit 6 % \n Range 

20 

  

S 
. 

1 2 4 6.5 10 16 25 40 
% Of Named bhocatca 
Material 2 BY MATERIAL - As Given by G,T.C. Digit8 nes fare      
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FIGURE 31 AS FIGURE 30 BUT BY WORK CONTENT 

Analysis by Hours - Sample Total 27910 Non Rotational 14865 Hours 
and People 19.4 10.3 People 

N.B. This Analysis Assumes that Each ttem is Manufactured in One Batch 
People Hours 

0 

  

People Hours 
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FIGURE 32 ANALYSIS OF NON ROTATIONAL ITEMS BY MACHINE TYPE 

Analysis by Machine by Material - Sample Total 27910 Non Rotational 14865 Hours 
1. Non- N.C, Items 19.3 10.3 People 

People Hours 

2 

        
0 : N.C. Turning Milling. Drilling Jig- Boring Grinding SM/Deburr Others 

2. N.C. Items 

People Hou! 
5 Ee    

NGGs Turning Milling Drilling Jig-Boring Grinding SM/Deburr Others 
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’ FIGURE 33 EFFECT OF DE-BATCHING i 

Analysis by Machine Type -Sample Total 27910 Non Rotational 14865 Hours 
19.4 10.3 People 

eople Hours 
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FIGURE 34 LOAD CHARACTERISTICS OF THE MILLING CELL 

Components All those opitz code Ist Digit op 6, 7 or 8. 

Typical components:- BLOCK SHAPES and CASTINGS. 

Work Load for 3 Operators :- 3 Universal Millers 

or 2 Millers and } Driller 

Machines Required 2/3 ABENE UNIVERSAL MILLS 

SMALL UNIVERSAL MILL for slotting etc. 

MULTI SPINDLE DRILL & TAPPING MACHINE 

SINGLE SPINDLE DRILLS 

TAPPING MACHINES 

BENCH for DEBURR and INSPECTION 

TUMBLER or perhaps a small ROTO-FINISHER s
a
e
 
S
e
e
 

Operators 

2 

  

  
Turn Mill Drill Grind Deburr Jig Bore



Components: All those with Opitz Code Ist digit of 0 orl under |’ diameter. 
Typical shape bushes and spacers. 

Work load for 4 operators. 2Turners, | Capstan Setter Operator, 1! Driller. 

Machines required: 2. Conventional Centre Lathes (C.V.A.) 
| Reverse Operation Lathe 
| Small Capstan 
| Small Universal Mill 
| Multi Spindle Drill 
| Single Spindle Drill 
| Bench for inspection and deburr 
| Tumbler (deburr) 

FIGURE 35 LOAD CHARACTERISTICS OF: TURNING CELL A 

Operators 

3 

  Turn Mill Drill Grind Deburr 
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FIGURE 36 LOAD CHARACTERISTICS OF TURNING CELL B 

COMPONENTS All those witn Opitz Code Ist dieit of 2, 2 or 4. 
All components over |’’ diameter. Typical shape shaft or spindle. 

Irregular shapes, e.g. castings, bar stock over |’’ diameter. 

Work load for 4 operators. (3 Turners and | Miller/Driller) 

Machines Required: | Cazeneuve Lathe (Large) 

2 Centre Lathes. |'’ diameter capacity 
2 Second Operation Lathes 

| Abene Universal Mill 
1 Small Universal Mill 
1 Multi Spindle Drill & Tapping Machine 

| Single Spindle Drill 

| Bench for deburr and Inspection 

Operators | Tembler Deburr 

35 

     
Turn Mill Drill Grind Deburr | Jig Bore ! 
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PARETO ANALYSIS OF CELL LOADING FIGURE 38 
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FIGURE 42 

  

    RATES 
ROUTINE 

FLOW DIAGRAM OF THE CELL ALLOCATION PROGRAM 
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FIGURE 51 FLOW DIAGRAM OF THE THRU-PUT TIME CALCULATOR 
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FIGURE 59 

      

  

SAMPLE OF CANDIDATES FOR STANDARDISATION 

  

      
    

    

      

                  
  

  

      

      

      

  
    

  

lo] Rav, “OVO|RAD. 
ba 2omK45° *O20)X45° 

| | a 

250 ‘250 

[eo] Bae 

Sea Ae aaa e Mat. Ac. BSLIO® 
18% /1B7 A/E Hex. 18S +187 AIF. HEx. 

*0O2.0 RAD. 

Nol Rad \ ° pee ye ql 2x45 RAL “Oe.o|x 45° | — 
5 mromasoescs:~ § 

=| 1 Ny 

r Ls 

| 250 Ya. 

aa $76 | pae4)       

Mar. Ac BS. L102 

Maz. Ac. BSLIO®R 
Ye Ale Nex. 

STANDARD COMPONENT Siiom 
| : 

  

  

Rad. 
      

  

      
  

  

    

      
  

  

245        [250   

| Dim.   
  

      

    
  

    

        Mat. Benss. 

V4} Ale Hex. 
 



FIGURE 60 SUGGESTED COMPOSITE COMPONENT 
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FIGURE 61 COMPARISON OF EXISTING DESIGN PROCESS WITH A SUGGESTED 

ALTERNATIVE TO IMPROVE PARTS STANDARDIZATION 

1, EXISTING PROCESS 

       

  

    

  

MECHANICAL 
DESIGN 

    

NOTES 

1. Electrical and mechanical design usually 3. 

loosely linked at concept stage. 

2. Schematic and detail drawing done by 4. 
different draughtsmen. 

2. PROPOSED PROCESS 

ELECTRICAL DETAIL 
DRAWING 

STANDARDIZATION 

NOTES 

1. Reorganize to site Mechanical Designers . 6. 
in Electrical Laboratories. 

2. Mechanical Designers to do schematic 
drawings and to apply geometric code to Za 
items designed. 

8. 
3. Technical Clerk to assist Mechanical 

Designers and to check that all parts have 
geometric code applied before detailed 
draughting commences. 

4. Mechanical Designers and Technical Clerks 9, 
to have access to computer / microfilm drawing 

d by geometric code, stock 
erred components, cost/ tole 

  

   library organi 
    book of § 

curves, machine capability information. 

5. Technical Clerks responsible to Head of 

Standardization for enforcing parts standard- 

ization. =) 250 — 

DRAWING 

  

   
DETAIL TO 

FILE 
   

WEAK LINKS 
  
STANDARDIZATION 

Conceptual design and drawing are done 
by different parts of the organization. 

No geometric coding used. 

TOFILE >> 

No parts detailed until head of Standard- 
ization approves design as making proper 
use of standard parts. 

Only non standard parts drawn. 

Vetting process, after parts standard - 

ization and drawing of non standard parts, 

to ensure that no non standard parts are 
used where a standard alternative is 

available. 

Drawing of blanks showing standard 
components with options on dimensions 
available. See Figure 60.



FIGURE 62 MAIN ELEMENTS OF THE HUIZEN SYSTEM BEFORE 

MODIFICATION TO ACCOMODATE GROUP TECHNOLOGY 
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FIGURE 63 MAIN ELEMENTS OF THE HUIZEN SYSTEM AFTER 

MODIFICATION TO ACCOMODATE GROUP TECHNOLOGY 
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SUMMARY 

This thesis concerns principally the use and adaptation of some 

computer based information systems during a project to implement 

Group Technology in part of a large, complex, multi-product 

company. The approaches adopted and methods used in the imple- 

mentation and operation of the new principles are discussed with 

particular reference to computer solutions for problems of: 

* data provision, analysis and synthesis during an 

analytical approach to re-designing part of the 

company's organisation based on cellular principles 

* adapting an existing production control system to 

support a cellular shop floor organisation and 

reinforce the benefits of Group Technology 

* economic assessment of the benefits gained through 

Operating a trial cell before extending the imple- 

mentation to other parts of the organisation. 

In addition, some particular social, technical and organisational 

problems that were encountered during the implementation are dis- 

cussed. Some ideas are given for reducing these problems and 

extending the implementation to other parts of the company. 

It is concluded that computer based information systems can have 

a considerable impact on a project to install Group Technology and on 

the methods used to maintain the effectiveness of the new manufacturing 

system. 
tae
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CHAPTER 1 

SCOPE OF THE THESIS 

1.1 General Hypothesis 

The implementation of Group Technology in a company will require 

technical and sociological changes which will have effects of some 

significance on the company's organisation, its methods and systems. 

The approach to the implementation and the nature of the revised 

organisation and systems may depend on the degree to which the 

company has access to and is familiar with using computer based 

information systems. 

1.2 Highlights of the Research 

The research reported in this thesis centred on an implementation 

of Group Technology in one area of a large and complex multi- 

product company. The company had been using computers for some 

years to process data and provide information and, in the area of 

the implementation in particular, a computer based production 

control system was deeply entrenched. The support organisation 

in the area had been built up round the system which had been 

operating, largely unchanged for some 6 to 8 years. 

An analytical approach to the implementation of Group Technology 

was adopted and the company's information system provided much of 

the necessary data. The production control system provided a 

good deal of this data, but, in order to perform the analysis, 

other parts of the company's systems had to be linked to provide 

See



Te2 cont'd. 

all the data required. The analysis of the data and its synthesis 

into a design for a new organisation for Group Technology had some 

novel features; in particular the use of "real time" interrogation 

of the computer combining powerful and rapid facilities for analysis 

of the data with human skills in engineering and a knowledge of the 

area concerned. 

One of the major problems encountered duri ng the implementation was 

the restructuring of the production control system to support the 

new cellular organisation and re-inforce the use of Group Technology 

pri nciples. The. company's management required that the support 

organisations and the system's links which provided data for 

accounting purposes, be disturbed as little-as possible. The 

management's Fequirenent was met, together with the Gojecrives of 

the implementation, through a re-structuring of the information 

provided by the system. This achievement required a novel approach 

to the solution of shop floor routing problems so that the informa- 

tion provided by the system could be properly structured. 

Significant changes in the Senior Management of the company had 

an important influence on the project. In particular, an economic 

experiment became necessary to examine the cost effectiveness of the 

implementation. Computers played an important role in the experiment 

in both the measurement and analysis of data. 

During the implementation, particular sociological problems were 

encountered which had an effect on both the speed and direction of 

the project so an attempt has been made to relate these problems to 

the project, the use of computers and the particular situation of 

the company. _ ps



1.2 ~ cont'd. 

Overall, the research illustrates some of the problems that the 

in-house production systems engineer may encounter during an 

implementation of Group Technology in a complex company with a 

significant level of computer based information systems. The 

philosophies brought to bear, relate to the engineer's approach of 

adapting and modifying existing facilities to find an effective 

solution to the socio-technical problemsassociated with the 

introduction of Group Technology. 

1.3 Structure of the Thesis 

First, to provide a context, the main concepts of Group Technology 

are outlined. Whilst no attempt is made to treat the subject 

exhaustively, the main types of Group Technology organisation are 

described. Some of the benefits that can be obtained and the 

changes that may be necessary are discussed. 

Then, an outline is given of some of the main potential areas for 

the application of computer based information systemsin Group 

Technology with particular emphasis on organisation design and 

production control. Some of the factors that may affect a company's 

use of such systems in the implementation of the new concepts are 

discussed and a survey is given of some reported methods and 

applications. It is important to note that the use of computers 

for the direct control of (N.C.) machines, is not within the scope 

of this thesis,which concentrates on data processing/analysis and 

information systems design.
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The nature of the company's business, the complexity of its 

organisation and the state of its computer systems had an important 

effect on the project, so a description of these factors is given. 

The main body of the thesis is concerned with two substantial 

applications of computer information systems in the project. The 

first concerns the analysis and synthesis of data leading up to the 

re-organisation based on Group Technology and the second the modifi- 

cations to the production control systems necessary to support the 

revised organisation and the new manufacturing concepts. Whilst 

the main emphasis is on the use of computer information systems, 

some sociological problems were encountered during this work which 

had an important effect on the project, so these are discussed. 

The economic experiment conducted round a trial Group Technology Cell 

js then described and the results obtained discussed with reference 

to the use of computers in measurement and analysis of the necessary 

data, the state of the implementation and the sociological problems. 

Finally, after describing ideas for improving and extending the 

implementation, and the "state of the art" of Group Technology, the 

overall conclusions of the research are discussed.



CHAPTER 2 

GROUP TECHNOLOGY 

2.1 A Definition 

Group Technology concerns the construction and association of 

three types of groups to perform manufacturing tasks in the best 

way. These groups are: 

* Groups of products 

* Groups of manufacturing facilities 

* Groups of people. ; 

The main applications of Group Technology have been in the produc- 

tion of components (rather than complete products) on a batch or 

jobbing basis and, as such, Group Technology has been described 

by Thornley aye as: 

" Ba ene a method of achieving some degree of mass production in 

the batch production industry". 

The concept is based on the recognition of groups or "families" 

of components within the total range to be manufactured (see 

figure 1). All the components in a family should exhibit a 

strong similarity regarding the facilities needed for their manu- 

facture. By re-organising in a manner based on the manufacture 

of the families, a dramatic increase in the effective batch size 

can be achieved which makes a mass production approach with associ- 

ated gains in efficiency more possible. 

# Numbers in brackets refer to the bibliography on pages 186 to 189. 

mah oe



2.2 Organisation Types 

Three organisational facets have been recognised which may be 

contrasted with the traditional organisation for the batch/jobbing 

production of components, where all machines of a similar. type 

are grouped together on a functional basis. 

2.2.1 Group Technology Machine Centre The modern concept of 

Group Technology was first developed by Mitrofanov (2). His 

original approach is perhaps better described as the composite 

component technique whereby a single machine is equipped with 

sufficient pre-set tools for the complete manufacture of a component 

family. This concept has been developed, notably by Drurie (3) 

who has analysed components in a family with the object of designing 

a "complex component" embodying all the features of every component 

in the family (see figure 2). The tooling of the machine centre 

can then be designed for efficient manufacture of the complex 

component (see figure 3) and thus any component in the family can 

be manufactured with minimum resetting of the machine. 

2.2.2 Group Technology Flow Line When complete manufacture of a 

component family is not possible on one machine, it may be feasible 

to form a flow line of the machines necessary to manufacture the 

family. Each component in the family visits those machines necessary 

for its manufacture until completed. The machines in the line are 

ordered so that back tracking of components against the normal flow 

of work is avoided and the line is balanced to avoid bottle necks. 

There may, therefore, be more than one machine of each type in the 

line.



2.2.2 Group Technology Flow Line Cont'd. 

Generally, flow line production of this type is possible only where 

production volumes are relatively high and where the balance of 

operator and machine loading is relatively easy to achieve. The 

advantage of the family concept is that it makes flow line production 

possible with much lower volumes of individual components than is 

conventional in the mass production industry. 

2.2.3 Group Technology Cell Where neither machine centre nor flow 

line production is possible, the machines and operators necessary 

to manufacture one or more component families can be less formally 

grouped to forma "cell". The pattern of work flow within the cell 

is less important than in the case of the flow line and the load 

balance is easier to achieve with lower and more variable produc- 

tion volumes of individual components. Since the cell is equipped 

with all the facilities required to manufacture completely each 

component sent to it, the pattern of work flow in an organisation 

based on cells, is much simpler than that in a functionally based 

organisation (see figure 4). 

23 The Benefits of Group Technology 

Figure 5 sunmarises the improvements which can be achieved by 

virtue of a reorganisation based on Group Technology. Broadly 

speaking, these benefits fall into three main areas.



2.3.1 Technological Benefits Since component families form the 

basis for the design of Group Technology flow lines and cells, the 

benefits of the composite component technique can be incorporated 

into the tooling of both types of organisation. By this means, 

dramatic reductions in the times needed to set machines can be 

achieved (4). 

The clearer picture of the component spectrum and the large 

increase in effective batch size made possible by the family 

approach can be used to justify the purchase of more appropriate, 

specialised machine tools to obtain further gains in technological 

efficiency. 

In the longer term, the family concept can stimulate a trend towards 

greater standardisation of the design stage so that a reduction in 

both design and manufacturing costs can be achieved. 

2.3.2 Sociological Benefits The aggregation of workers into cells 

produces many of the benefits reported for goal oriented primary 

groups (5). Accountability is clarified and workers can identify 

with the overall task of producing an item rather than merely per- 

forming an operation in isolation from the total production task. 

The resulting increase in job satisfaction produces happier people 

and consequential improvements in attendance, productivity and 

quality (6).



2.3.3 Organisational Benefits Figure 4 demonstrates the consider- 

able simplification of the work flow pattern that can be achieved 

by virtue of a cellular organisation, when compared with that 

occurring in anorganisation based on the function of machines. 

At the operating level, this simplification can be directly reflected 

in a reduction of the production control problems. Scheduling/ 

sequencing rules can be tightened to achieve a significant reduction 

in thru-put times and work in progress. The need for detailed 

paperwork diminishes along with the effort needed for progress 

chasing and other functions which grow from the conventional con- 

fusion of functionally based organisations. 

2.4 The Place for Group Technology in the Manufacturing System 

Lepper (7) has described Group Technology as: 

"The only production system embodying all other systems". 

Although perhaps slightly facetious in its intention, this definition 

is a good illustration of the extent of the Group Technology concept 

and how an implementation may affect many if not all areas of a 

company's operation if the full advantages of the new system are to 

be exploited. 

By far the most common reason for introducing Group Technology is 

to improve one or more of the factors affecting the efficiency of 

production. However, as with any productionsystem, the usefulness 

of Group Technology will depend on its suitability for a particular 

organisation and on where and how it is implemented. Recent 

research (8) has indicated that a "Total Approach" where the imple- 

mentation is co-ordinated on a company wide basis by top management 

is more likely to produce successful results than a limited imple- 
rote



2.4 The Place for Group Technology in the Manufacturing System 
Cont'd. 
  

mentation in part of a company. This may be because the full success 

of Group Technology required changes in many aspects of a company's 

manufacturing activity. Unless this need is recognised and the 

necessary changes properly co-ordinated, the organisational stress 

induced by the presence of Group Technology as a new production system, 

ill matched to its surrounding corporate processes, may limit any 

achievable results and may even produce an overall deterioration 

in a company's performance. 

To exploit Group Technology to the full will require some, if not 

all of the changes listed below and illustrated in figure 6. 

2.4.1 Manufacturing Technology Use of the concept of parts family 

manufacture and the grouping of machines for flow line or cellular 

production will require changes in manufacturing methods, tooling 

(including machine tools) and plant layout (9). 

2.4.2 Design To exploit the clearer picture, both of the parts 

spectrum and its implied manufacturing technology will require 

changes in the comany's design policy affecting particularly the 

impact of standardisation on component design (9, 10). 

2.4.3 Marketing The technological impact of Group Technology in 

manufacturing and design may in themselves affect a company's 

marketing policy. Additional affects may accrue from the improve- 

ments in lead time, delivery performance and the cost of manufacture 

achieved from the new system (11). 

= Ore



2.4.4 Systems The parts family concept and changes in design/ 

manufacturing technology may require changes in the estimating and 

work study systems if the improvements in the cost of manufacture 

are to be properly reflected in the prices of the company's products. 

Changes in systems for production control and materials management 

will also be necessary both to support a revised plant layout and 

a flow line or cellular based production organisation (12) and to 

exploit the potential benefits of simplified production flow and 

reduced lead times, work in progress and variety of parts and 

materials. 

The full benefits of improved job satisfaction may not be possible 

to achieve without revision of the payment systems (13, 14). 

The organisation changes and changes in the patterns of expenditure 

on both capital and revenue items may necessitate changes to the 

budgeting and accounting processes. Changes to shop floor paperwork 

may have significant effects on the costing systems, particularly if 

detailed job costing at the operation levelis used. 

2.4.5 Organisation Even a small implementation of Group Technology | 

will affect the shop floor organisation and possibly its related 

supervisory structure and supporting methods engineering/production 

control organisation. A larger implementation will almost certainly 

have far reaching effects on supervision and the support organisations 

and some effect on middle management, whilst the "Total approach" 

may affect the whole organisational structure including senior manage- 

ment and the board of directors (15,16). 
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CHAPTER 3 

SOME APPLICATIONS OF COMPUTER SYSTEMS IN GROUP TECHNOLOGY OUTLINED 
  

Sell Introduction 

The purpose of this chapter is to outline some of the main areas 

of potential application for computer systems in Group Technology 

with reference to some reported applications and the available state 

of the art vis-a-vis the requirements of Group Technology. 

The power of computers to process data and perform calculations 

much more rapidly and reliably than people has led to a dramatic 

increase in computer based information systems in industry in the 

past 20 years. Whilst it is probably fair to say that the initial 

promises of large reductions in clerical staff, improvements in control 

and hence increases in profitability have not been fulfilled, industry 

has been using computers on such an increasing scale and complexity 

of tasks, that computers must now be regarded as a common feature of 

modern industrial life (17). 

Computing technology has improved from the early card and tape based 

systems of the 1950's and '60's to powerful disc based machines that 

can perform massive data processing and computational tasks that 

would otherwise be economically, if not totally, impossible. The 

available means of accessing a computer have improved from the rela- 

tively difficult and time consuming form filling/card punching input 

and tabulation outputs to direct methods involving the user dnda video 

screen. 
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Bel Introduction cont'd. 

Industrial information systems development has improved, if not at 

the same rate as the technology, until advanced information processing 

has in many cases superseded the simple clerical tasks as the main 

function of a company's computer. In the more complex systems are 

to be found methods of production control and resource planning using 

powerful and complex algorithms that would not be feasible without the 

use of a computer and, in the companies using such systems, organisa- 

tions have been built up round the computer systems to take advantage 

of the new facilities in improving control. 

No longer is the computer the prerogative of large and successful 

companies because of the large capital investment involved in the 

computer and its supporting systems. Many "bureaux" now exist to 

lease time on computers and/or packaged systems solutions to common 

industrial problems and even a small company can gain access to a 

powerful computer and supporting systems by leasing time on a bureau's 

machine much more cheaply than investing in its own computer. Indeed, 

it is becoming wrong to assume that computers are a very major capital 

investment. "“Mini-computers" are now available for a few thousand 

pounds that can perform tasks that would have required an investment 

of many hundreds of thousands of pounds in a "main frame" machine a 

few years ago. 

Because computer based information systems are now common place and 

because their effects on a company's organisation and methods may be 

significant, it is important to consider their effects in applications 

of Group Technology. 
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3.1 Introduction cont'd. 

A computer can have a significant effect both on the analytical 

and systems supporting power which can be brought to bear during / 

the initial phases of a project to implement Group Technology and on 

the new organisation, systems and methods adopted after the imple- 

mentation. 

Sue The Problems of a Packaged Solution 

A packaged solution to the problems of installing Group Technology 

may well be the best for the small company which does not own its 

own computer. In this case, it is unlikely that any expertise in 

systems analysis of the required calibre exists in the company and the 

"package deal" used via employment of the experts providing the pack- 

age on a consultative basis may be the only way to proceed if an 

analytical approach is desired and seen to be the most effective. 

Indeed, such an analysis may well be performed without the use of a 

computer if data samples are kept small and the analysis kept simple. 

However, a number of problems exist for the medi um/large company par- 

ticularly if computer systems already operatein the area concerned. 

These problems centre on the desirability of using an externally 

developed package under the guidance of the organisation providing 

the package versus the desirability of using the available expertise 

in the company and include: 

* the cost of using the external package 

* the cost of retrieval and transcription of data from 

the company's systems to the external system 

* problems of company security 

* resentment of internal staff who may see the external 

solution as imposed and possibly not what they would 
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3.2 The Problems of a Packaged Solution cont'd. 

have developed 

* unease in the management who have to accept an essentially 

external solution to an internal problem. They may 

distrust the efficacy of a solution developed by 

people with a small knowledge of their company. 

* problems of transferring sufficient expertise to the 

internal staff to cope with any modifications to 

existing systems required by the new ways of working 

* problems of keeping a new organisation up-to-date 

if manufacturing volumes or product mix change or if 

technological developments require a revision of the 

organisation. Such revisions may require repeated 

involvement of the consultants providing the package 

with consequential costs and lack of independence of 

the company Using the package. 

If any, or all of these problems prove too big for a company to 

"stomach", it may be decided to develop the necessary techniques "in- 

house". In this case, difficulties may arise in acquiring the necessary 

combination of understanding of Group Technology, the analytical 

techniques being used and computing expertise. The available packages 

are not much help to the "in-house" systems developer if, for reasons 

of commercial secrecy, details of the analytical techniques used in the 

packages are unpublished. The "in-house" system developer may also find 

that the published methods prove too sophisticated for his company to 

understand where the technique ends and where judgement must begin. 

In such cases, therefore, the "in-house" developer should perhaps seek 

an approach which will minimise installation costs, particularly 

those involving data collection, and maximise the understanding of 
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3.2 The Problem of a Packaged Solution Cont'd. 

the people involved in the project. The object is not so much an 

elegant solution to a mathematical problem, but more an effective 

solution to a socio-technical problem where the "in-house" developer 

aims to avoid being seen as selling another package deal and thus 

incurring some, if not all,. of the problems outlined above. 

Very little work seems to have been done in this field, but this 

thesis attempts to throw some light on how computers may be used by 

the "in-house" system developer along the lines outlined above. 

a7 Role of Computers in Analysis Prior to Implementation 

3.3.1 Alternative Approaches to Analysis Following a decision to ee CS CEO ECU ALY Silos 

install Group Technology concepts in an organisation, two. types of 

approach are possible, "peripatetic" and analytical. 

The peripatetic approach relies on the experience of management, 

Supervisors and operators to prepare new working methods and arrive 

at a better grouping of products, manufacturing facilities and people 

based on their knowledge of current and foreseen problems and their 

recognition of the aims and methods of Group Technology. Some of 

these organisations are regarded as successful (11) and the peripatetic 

approach has the advantage of speed and acceptability to the existing 

staff who will see the new organisation as resulting from their 

Proposals. The main objection to the peripatetic approach is that 

it lacks the objectivity of the analytical approach. 
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3.3.1 Alternative Approaches to Analysis Cont'd. 

The analytical approach seeks to form objective recommendations 

by numerical analysis of available data followed by a logical re- 

design of the organisation based on the results of the analysis, 

the behavioural Sciences and good engineering practice. The 

analytical approach is generally regarded as being more likely of 

success and (perhaps simply because analysts publish more papers 

than managers) has been more widely reported (9,15). 

Two types of analytical approach have been used, the most recog- 

nisable difference between them being the relative importance given 

to component family formation. 

The "classical" approach uses component families as the most basic 

constituent of its recommendations for re-organisation. A classifi- 

cation system is used to describe components according to features 

which affect the design and/or production of the components. Com- 

ponent classification has been widely reported in the literature 

(9,15) and only the barest outline will be given here. Suffice it 

to say that many types of classification system have been developed 

(18) ranging from simple inspection by eye to complex digital systems 

describing the geometry, surface features, material and other factors, 

important in the design and manufacture of components. Once classi- 

fied, the components can be sorted to bring like components together 

to form families. The manufacturing routes and machine loadings of 

the families can then be analysed so that the new organisation can be 

appropriately designed and equipped to manufacture the families. 
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3.3.1 Alternative Approaches to Analysis Cont'd. 

In spite of the many classification systems that have been developed 

it may be difficult to find a system ideally suited to a particular 

problem. In this case, development of a suitable classification 

system may be a long and costly exercise which may limit the 

applicability of the approach. 

The second type of analytical approach is based on network analysis 

of the routing of components to the various machines needed for their 

production. Several attacks on the problem have been reported. 

The earliest of these methods was developed by Burbidge (19,20). 

Burbidge'’s analysis is performed on three levels: 

* Factory flow analysis 

* Group analysis 

* Line analysis 

At all these levels, use is made of flow charts showing the material 

flow from department to department or machine to machine. The 

approach is similar in philosophy to the techniques of "Systematic 

Layout Planning" developed by Muther (21) and, whilst based on 

analysis, requires judgement of the "peripatetic" kind at each stage. 

McCauley(22) introduced a mathematical base to the problem by cal- 

culating a similarity coefficient for every pair of machines. He 

used single linkage cluster analysis to form groups of machines with 

high mutual similarity.: His method suffers from the disadvantage 

that does not cope well with machines that may appear in several cells 

and it cannot take into account component quantities and machine 

loading. 
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3.3.1 Alternative Approaches to Analysis Cont'd. 

El - Essawy (23) has developed’ techniques for successive refinement 

of machine groupings based on "Component flow analysis". At the 

first stage general combinations of machines are formed. These 

general combinations are then progressively refined into groups at 

the second stage until the final structure is determined at the 

third stage. 1 - Essawy's techniques seem similar to Burbidge's 

and currently are not regarded as so fundamental as they were 

originally claimed to be. 

Rajagopalan (24) has introduced the use of graph-theoretic methods 

for forming cells from route card information. The batch production 

situation is described as a graph whose vertices are the machines and 

whose edges represent the relationship between the machines. Graph 

theory is then used to analyse such a graph to form optimal cellular 

machine groupings by minimising intercellular movement of components. 

This technique seems more able to cope with the problem of machines 

appearing in several cells and can take into account machine loadings, 

but as yet, there are no known reports of its success beyond the 

feasibility stage. 

Whilst the techniques using network analysis based on data obtained 

from existing route cards do not suffer from the disadvantage of 

requiring a suitable classification system, they tend to lack 

objectivity because they tacitly assume the current working methods 

to be the most appropriate for the particular organisation concerned. 
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3.3.1 Alternative Approaches ‘to Analysis Cont'd. 

A second disadvantage of this method is that no means are provided 

to attack the problems of composite tool design or component 

standardisation from which important benefits should accrue and 

may be lost if no classification system is employed. 

3.3.2 Roles for the Computer The role of the computer during the 

initial phase of a project to introduce Group Technology may vary 

widely according to which of the methods described above is used 

and what facilities are available. Whilst the computer's role 

will probably be minimal if a peripatetic approach is adopted, the 

computer can play an important part if an analytical approach is 

used. Clearly, the sorting of classified components into families 

is eased considerably if the classification system is digital and 

computing facilities areaailable. The computer can also assist in 

the design of an optimum re-organisation by relating the component 

family concept to data, on existing working methods and manufacturing 

facilities, available in production control and estimating systems 

already in use in the area concerned. A similar role exists for the 

computer in the analysis of production flows. The power of computer 

sorting techniques can ease considerably the specification of the most 

commonly occurring production routes from existing information and so 

provide the basis for the new machine groupings. 

3.3.3 Some Reported Applications A computer system has been developed 

by Metaalinstituat TNO to support the analysis of classified components 

into families (25). A numerical classification system has been 

devised to suit, it is claimed, most types of metal components used 

in the electronics industry. A supporting suite of computer programs 
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3.3.3 Some Reported Applications Cont'd. 

has also been designed to support the analysis of classified components 

into families. It is claimed that additional software has been 

developed to support synthesis of the component family data into 

groupings upon which to base the formation of cells taking into 

account machine loading and routing information. However, there is 

little published material available to evaluate these claims and the 

only known organisation based on the use of this system (26) is not 

regarded as embodying group technology principles to a great extent 

since the "cells" are very large (50 - 100 operators). 

A number of computer programs have been developed to support the 

network analysis of production routes. PERA (27) provide a complete 

package based on this method which is believed to use simple sorting 

techniques and Burbidge has reported mechanisation of his methods 

(28,29). McCauley (22), El - Essawy (23) and Rajagoplan (24) all 

report using computers to support application of their approaches, but 

few details have been published to evaluate the power of their 

computing techniques. 

3.3.4 Role of the Computer in Layout Planning Having established 

the optimum machine groupings during the analytical phase of the 

project, it is obviously necessary to produce a good, practical and 

workable layout of the machines on the shop floor. 

An optimal layout may depend on a number of factors not simply 

or directly related to work flow problems (e.g. the cost of moving 

a machine for access to another for repair). Some of these factors are 

essentially intangible (e.g. the aesthetics of the layout) and conse- 
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3.3.4 Role of the Computer in Layout Planning Cont'd. 

quently difficult to incorporate into a computer model. Muther (30) 

has developed a method based on scoring of solutions involving 

intangibles by the staff who will use the layout concerned in an 

attempt to digitise the problem. 

If it should prove possible to relate all these parameters to one 

objective function (e.g. cost), then it might be feasible to use 

optimisation techniques, perhaps based on linear programming (31) 

or the "Out of Kilter" algorithm (32). Meanwhile, use of the 

computer in layout planning problems has been reported to evaluate 

and optimise work flow and machine movement costs (33), but at present, 

arrival at a practical layout seems highly dependent on the peri- 

patetic and more simple analytical methods such as those of 

Muther. 

3.4 Role of the Computer in Running a New Organisation 
  

A new organisation based on Group Technology may require new or 

modified systems to support it and to gain maximum benefit from the 

new concepts. 

3.4.1 Role of the Computer in Payment Systems Many companies who 

have a medium/large workforce use a computer (either their own or that 

provided by a "bureau") to calculate and print wage slips. The 

power of the computer to perform calculations that would otherwise be 

far too lengthy for manual methods has produced some quite complex 

incentive schemes based on operator performance. The most simple 

of these find their origins in the old "piecework" system whereby an 
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3.4.1 Role of the Computer in Payment Systems Cont'd. 

operator's earnings depend simply on the amount of output he produces. 

This system suffers from anumber of disadvantages which cause dis- 

satisfaction in both operators and management: 

* problems of waiting caused by management's failure 

to supply material or by machine breakdown 

* problems of defining adequate quality 

* problems of batch production with high job-to-job 

variety and consequential learning time 

Many refinements of such systems are known but few have been reported 

which take into account the particular requirements of Group Technology, 

which centre on how to compensate a worker fairly, not only for doing 

a job within a particular range of skills with proper speed and quality, 

but also for being an effective member of a group with a common aim. 

The problem is particularly difficult in the areas where Group Technology 

is most appropriate, batch/jobbing production with its demands on 

operator flexibility and job variety. 

Sawyer and Arn (34) have reported a substantial application of the 

computer in supporting a payment system operating in a large company 

with an in-depth application of Group Technology. The payment system 

involves a standard wage consisting of a basic rating, dependent 

on local conditions; a job evaluation share, dependent on mental and 

physical demands, educational ability, responsibility, environment, 

etc.; a behaviour share, dependent on cooperation, versatility, 

initiative, dependability, etc.; and a share based on seniority and age, 

Added to the standard wage is a bonus based on both quantity and 
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3.4.1 Role of the Computer in Payment Systems Cont'd. 

quality produced. A points system is used to evaluate group 

performances and a series of statistically devised curves is used 

to evaluate a comparable operator performance for similar efforts 

in different types of cell. The means of calculating the wage of 

each operator is complex and therefore costly and unreliable if 

manual methods were to be used. The method is reported to be 

seen as fair by the operators and is viewed as a major contributor 

to the success of the Group Technology project concerned (34). 

3.4.2 Role of the Computer in Production Control Burbidge (35) 
  

has defined production control as: "The science and art concerned 

with the flow of materials in production, and with the ways in which 

different material flow systems can be created and controlled". 

The general objective of a production control system in the batch/ 

jobbing situation, is to achieve the best overall compromise between 

thruput time, delivery performance, utilisation of capacity, investment 

in stocks and work in progress and administrative effort. 

Among the branches of production which have a significant effect 

on the problems of production control are organisation, design, produc- 

tion planning, plant layout, sales and forecasting, all of which may 

be affected to a greater or lesser extent by the implementation of 

Group Technology. It is therefore important to consider the effect 

of Group Technology on the design of production control systems. 
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3.4.2 Role of the Computer in Production Control Cont'd 
  

The field of production control is large and has attracted a 

great deal of attention from workers seeking better algorithms 

for the solution of production control problems. The general 

objective of these workers seems- to be to reduce the art and 

increase the science of production control, which has resulted 

in a great deal of use being made of computers. 

The designer of a production control system seeks algorithms for 

solution to 7 main problems: 

* Forecasting 

* Capacity Loading 

* Scheduling 

* Sequencing 

* Performance Measurement 

est pacaraeei ne 

* Optimisation 

The solution to these problems must be consistent with the general 

objectives, and key difficulties arise because the means of 

achieving the general objectives are, in many situations, in mutual 

conflict. For instance, good delivery performance may imply poor 

utilisation of capacity and good utilisation of capacity may imply 

long queues of work between machines and result in unacceptably long 

lead tims and a great deal of progressing effort to maintain a good 

delivery performance. 

Forecasting algorithms endeavour to give the production controller 

advance notice of deviation from his optimum plan. They may, for 

instance, be designed to show likely variations of load beyond the 
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3.4.2 Role of the Computer in Production Control Cont'd. 
  

time horizon of the existing order book so that the sales plan 

can be adjusted in time to maintain good utilization of capacity. 

Alternatively, they may be designed to cope with machine breakdowns 

via planned maintenance or operator absenteeism by adjustment to the 

production plan to maintain a good delivery performance. Many such 

algorithms are available (36) but no production control systems 

packages are known to be available incorporating them. Normally, 

the forecasting system is isolated from the production control system 

although it may draw upon some of the same data. 

Capacity Loading and Scheduling algorithms are used to produce good 

utilisation of capacity within the constraints of an existing delivery 

plan. The simpler algorithms do not take into account the finite 

capacity of a real machine shop, but merely adjust the schedule of 

work automatically, according to simple heuristic rules, e.g. one 

week gap between each individual operation on each job. The most 

complex algorithms take into account the effects of the finite capa- 

city and endeavour to find the production plan which will give the 

best compromise between delivery performance and capacity loading 

taking into account job priorities. Some attempts have been made 

to optimise the production plan (see below), but available packages 

use heuristic rules and simple smoothing techniques to achieve a 

good result within a realistic timescale and level of computer capa- 

city and administrative effort. 

A cellular production system introduces a new problem to capacity 

loading in that a production plan is sought that provides a good load 

for each cell. Lewis (37) has reported a solution to this problem 
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3.4.2 Role of the Computer in Production Control Cont'd. 

by designing related cells each capable of taking on increasingly 

complex work. Jobs can be defined as mandatory, preferred or 

alternative assignments for one or more cells and the system loads 

the cells ona "cascade principle" so that mandatory assignments are 

loaded first, followed by preferred and alternative assignments in 

turn. The simplest work is then used to "top up" the load of each 

cell to its full capacity. Lewis reports some success for this 

method and PERA (38) provides a supporting set of computer programmes 

for its use. Lewis concludes that - 

"The need for a loading system which is complementary to the 

cell system design is immediately apparent": which is an important 

conclusion highlighting the inter-relationship between the design of 

the organisation and the systems used to run it. 

Sequencing algorithms seek to improve the utilisation of capacity, 

shorten thruput times and reduce work in progress by optimising the 

sequence of jobs loaded to a given machine. 

Sequencing problems in Group Technology fall into two classes - 

* minimising the effect of machine interference on the 

queueing time of jobs 

* exploitation of the parts family concept to minimise 

setting time. 

Traditionally, optimisation of job sequences has been regarded as of 

academic interest only. The well Knownrelationship of the number 

of possible sequences to be searched if j jobs are to be loaded to 

m machines is (g2)". The search becomes impossibly large even for 

a computer if either j or m become large as ina conventional function- 

ally based machine shop. By dividing the organisation into cells, 
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3.4.2 Role of the Computer in Production Control Cont'd. 
  

both j and m are reduced substantially which produces a very dramatic 

reduction in the number of possible sequences for work through a : 

given cell. The use of such techniques as "branch and bound" (39) 

may thus become a practical reality for optimisation of intra cell 

job sequences to minimise the effects of machine interference. 

Exploitation of the parts family concept involves taking into account 

a new set of criteria to arrive at the best job sequence for each 

particular machine. Traditional methods of calculating the load 

time for a particular job on a particular machine, assume that the 

operator starts and finishes the job with a clean, unset machine. 

The machine is completely reset for each new job presented to it. 

The parts family concept is used to reduce setting time by loading 

jobs that are similar in their setting requirements so that the 

machine need not be completely reset for each job. Consequently, the 

setting time is not only dependent on the particular job being manu- 

factured, but is also dependent on the setting for the preceding job 

loaded to the machine in question. 

There are no known practical applications of computers in either area, 

although Ferranti (40) have made considerable strides in reduction of 

setting times by exploitation of the concept of parts family manu- 

facture, particularly on turned items and have claimed a 95% reduction 

in setting time by extensive use of Drurie'’s methods (3). This has 

been achieved without extensive computer help (an experiment involving 

linear programming was abandoned because of the computer capacity 

required) other than simple batching of jobs on a due date basis and 

Provision of roughly a month's work to each cell with a supporting 
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3.4.2 Role of the Computer in Production Control Cont'd.   

computer printout showing each tool setting required. It is up to 

the cell supervisor to make up the best sequence he can to minimise 

setting time as far as is practical, bearing in mind other constraints 

(operator flexibility, absenteeism, working speeds, etc.). It may 

be, therefore, that the use of computer algorithms in exploiting the 

parts family concept depends upon the design of the cellular system 

_ and the extent to which the composite’ component technique can cope 

with the degree of variety in parts loaded to acell. In any case, 

a computer solution may be difficult to achieve because of the number 

of factors in addition to machine interference and the parts family 

concept which have to be taken into account to arrive at a workable 

sequence. 

Most computer based production control systems provide progressing 

information by reporting deviations from the production plan in some 

form of "shortage list". This shortage list usually provides the 

basis for deploying the progressing effort to minimise the extent 

of the deviations from the plan. In the longer term, however, 

performance measurement can be important to maintain and improve the 

Ongoing performance of the activity. In this case, measurements 

are needed to display many factors from operator efficiency, quality 

produced, etc. to the broad financial performance of the area concerned. 

Most proprietary packages such as the CLASS system developed by 

I.B.M. (41) and later derivatives, such as CAPOSS, provide some such 

information, but in many cases, further digestion is required before 
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3.4.2 Role of the Computer in Production Control Cont'd. 
  

the information is of use to management. It is in this process 

that particular algorithms suited to the company's modus operandi 

are needed and the algorithms will depend on the management, the 

organisation and on the linkages between the production control 

and accounting systems, 

Group Technology introduces problems in this field by virtue of the 

changes it induces in the management, organisation and systems 

structure of the company. The cell system may obviate the need 

for complex progressing information because of the dramatic simplifi- 

cation in work flow it makes possible, and the management reporting 

will need to be changed because of the new organisation promoted by 

Group Technology. 

There appear to be no reports, either on how this situation affects 

the design of computer systems, or practical illustrations on how 

results were achieved in the field. 

3.4.3 Use of the Computer to Support Design for Group Technology In 
  

a well coordinated company, the design of products should reflect the 

available manufacturing facilities. Technological inovation should 

be carefully managed to ensure that, where the "state of the art" and 

the market demands, the manufacturing facilities and the design of 

new products are updated together as far as possible. 

At the component level, the parts family concept can be used as a 

basis for standardisation. To maximise the benefits of standardisation, 
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3.4.3 Use of the Computer to Support Design for Group Technology Cont'd 
  

a drawing retrieval system is necessary to allow designers the 

maximum scope for using existing component designs, either in their 

entirety or by modification of a few features rather than by re-design 

of a new component from scratch. It may only take a designer a few 

minutes to draw a new part, but in doing so, he generates a pyramid 

of costs covering proving the new design, establishment of an appro- 

priate manufacturing method together with estimating, ordering, 

controlling and storing of the new part, each time it is manufactured. 

An interesting application has been reported by Allen (10). The use 

of castings was abandoned in favour of fabrication from standard billets 

N.C. machined to have the desired features. A mini computer is used 

as adraftingaid; the design process being to digitise drawings with 

the aid of the computer, which automatically adds the required features 

from a data bank of standards. N.C. tapes can be produced by the 

computer directly together with a tape to control automated inspection 

of the finished parts. 

It is not within the scope of this thesis to comment on the N.C. 

techniques employed, but the information retrieval system reported, 

provides a good example of the use of information systems in Group 

Technology.



CHAPTER 4 

PROJECT BACKGROUND 

4.1 Introduction 

The main body of this thesis is devoted to describing some applica- 

tions of computers in Group Technology in depth. To provide a 

context for the work described, this chapter gives some background 

information on the company in which the research was done, an outline 

of the company's organisation and a description of some of its systems 

which were used or modified as a result of this research. 

4.2 M.E.L's Business 

The M.E.L, Equipment Co. Ltd. is a wholly owned subsidiary of the 

Dutch based multinational Philips Group. M.E.L. may best be 

described as an electronic equipment building company. At the 

time of writing, M.E.L. had annual sales in the region of £23M and 

employed about 2,200 people. 

4.2.1 The Product Range M.E.L. manufactures a wide variety of 

equipment for both Government and Commercial customers, much of its 

output being for export. The products vary widely in both technical 

complexity and numbers produced. The variety may be illustrated 

by comparing two examples from extremes of the range. 

The first example is a linear accelerator for radiological treatment 

of disease (see figure 7). A number of these products were being 

produced during the course of this research, each costing up to £4M. 

=iG0ss



4.2.1 The Product Range Cont'd. 

Production was mainly to customer order, but, due to long lead times 

in manufacture, production could be initially for stock, although a 

specific customer might require modifications during the manufacturing 

process to suit the product to his particular needs. Production 

of these products increased steadily during the period covered by 

this thesis, reaching about 30 p.a. at the time of writing. The 

products contained components machined to "state of the art" tolerances 

and when finally assembled, a product could occupy the majority of a 

33 metre cube. 

The second example is a module of logically arranged electronic 

switching elements selling for about £1 (see figure 8). These 

products were roughly the size of a match box and contained components 

which did not make high tolerance demands on the internal manufacturing 

facilities. Production was based on sales expectations and had 

remained at some 500,000 units annually for several years until the 

work was transferred elsewhere in the Philips Group, about half way 

through this project. 

Between these extremes lie a large number of products varying markedly 

in their size and complexity, the numbers produced and the source 

and tolerance of their components. 

M.E.L's business is characterised by a high rate of technical change, 

much of the annual budget being devoted to the development of new 

products and the improvement or tailoring of existing products for 

specific requirements. 
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4.2.2 The Organisation 

Figure 9 is an outline of the organisation at the start of the 

project. The marketing/sales sector was divided from the technical 

sector, each reporting to the Managing Director. Both sectors were 

basically product orientated, although the product range marketed 

by some commercial managers could be made by more than one production 

division and vice versa. 

The majority of the company's business was concentrated in the 

"Defence and Avionic Systems Group", whose technical sector had a tri- 

umvirate management team consisting of the Development Manager 

(responsible for the development of new products and major technical 

modifications to existing products), the Materials Manager (responsible 

for procuring all bought out supplies of raw material and components) 

and the Production Manager (responsible for the efficient production 

of developed products and the improvement/modification of products 

after completion of development). 

At the start of the project, the production manager's organisation 

consisted of 4 "assembly" divisions and two component manufacturing 

divisions: "Manufacturing" Division (metalwork, chemical processing 

and painting) and "Coils and Sub-Assemblies" Division - C.A.S.A. 

(Coils, transformers, switching elements and potting). 

The organisation was supported by various "ancillary" departments. 

Of particular interest were the Industrial Engineering Department, 

known as the Technical Efficiency Organisation - T.E.0 - and the 

Information Systems and Automation Department - I.S.A. 
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4.2.2 The Organisation Cont'd. 

T.E.0. was responsible for estimating the cost of manufacture upon 

which the company based its prices, for providing targets to guide 

production managers in their use of labour and for helping production 

managers produce improvements in their manufacturing methods. 

1.S.A. was responsible for the development, maintenance and 

efficient running of all the company's computer systems and some 

manual systems, the great majority of their work being to support 

production and Administration. 

During the course of the project, a number of organisational changes 

took place. The Managing Director retired and the Production Manager 

of D.A.S.G. left the company. The Commercial Director.replaced the 

Managing Director and a Technical Director was appointed who ran the 

entire technical sector and all the auxilliary departments apart 

from Administration (accounting) and I.S.A. who reported to the 

Financial Director. One of the production assembly divisions was 

transferred to the Development Manager and C.A.S.A. was closed, although 

some of its work was transferred to one of the assembiy divisions. 

Finally, a new senior production manager was appointed in D.A.S.G. 

to take charge of the three remaining Assembly Divisions (see figure 10) 

in this group, together with Manufacturing Division in which the 

majority of the work reported here took place. 

4.3 Manufacturing Division 

4.3.1 Its Business Manufacturing Division provided a service in 

pre-production metalwork and processing to six "customer" divisions 

in M.E.L. The service consisted of: 
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4.3.1 Its Business Cont'd. 

* General Machining (turning, milling, drilling, grinding) 

* Sheet Metalwork (cutting, bending, forming, punching, 

welding) 

* Printed Wire Board Manufacture (cutting, drilling, plating) 

* Metal Finishing (mechanical assembly, linishing, polishing, 

etc.) 

* Plating 

* Electroforming 

* Painting. 

The great majority of components were in the medium/small size range, 

but high standards of precision and quality were demanded, since the 

majority of Manufacturing Division's work was governed by Ministry 

of Defence ("05-21") quality standards (42). 

M.E.L. allocated about 13% of its annual production budget to 

Manufacturing Division and about 26% of the total capital employed in 

production. Between 75% and 80% of the capital employed in Manufac- 

turing Division was invested in metalworking machine tools which were 

kept in good condition and in pace with the demands of M.E.L's rapidly 

advancing technology by a continual programme of re-investment. 

Production was organised on a batch/jobbing basis. Manufacturing 

Division delivered some 20,000/25,000 batches annually handling about 

3,000 at once, of which about 2,000 could be on the shop floor 

simultaneously. Batch sizes varied between 1 and 1,000, the average 

being in the region of 40. The management regarded the flow of orders 

as random and unpredictable. 
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4.3.1 Its Business Cont'd. 

An additional service was provided to Development areas in coping 

with overflows from the Development model shop. This work and 

the work generated by an emergency support service to the produc- 

tion divisions, was known as "sideways" loading. It bypassed the 

normal control systems and could substantially increase the number 

of current batches and hence the complexity of the control task. 

For many years, M.E.L. had constrained the size of Manufacturing 

Division to cope with its base load. Extra demands on capacity or 

particular metalworking/processing technologies not available in 

Manufacturing Division were sub-contracted to other companies, 

Manufacturing Division coping with 1/3rd to 2/3rds the total metalwork/ 

processing demands of M.E.L. 

4.3.2 Staff Organisation and Systems M.E.L. budgeted for 127 staff 

to be employed in Manufacturing Division. These were organised as 

shown in figure 11. 61 operated machines, which cut or formed metal, 

whilst a further 23 were involved in processing. The shop floor was 

laid out on a functional basis (see figure 12) where the machine 

types were grouped together. 

The Production Staff were supported by a Methods Engineering ("Planning") 

and Production Control sections who provided methods and control 

information to a computerised production control system (see section 

4.4.3). They were assisted in this task by the T.£.0. department 

who provided standard time estimates for each operation on all but 

"sideways loaded" jobs which were loaded to the shop floor without 

the usual methods or control information. 
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4.4 The Systems 

4.4.1 Introduction M.E.L. had been using computer systems for several 

years prior to the start of this work. Starting in a small way by 

leasing time on a computer owned by another company. M.E.L. acquired 

an I.B.M. 360-30 with 60 kilobytes of core in 1969. This 

machine was replaced with the faster and larger 1.B.M. 370-135 with 

3 megabyte of core in 1975. The software and periferal equipment was 

also improved during this period so that "first generation" tape based 

systems were being replaced by disc based systems running under the 

Dos - vs operating system by early 1975. 

During this first phase of computerisation, M.E.L. invested over £1M 

in systems design and programming. Whilst some of this effort had 

been utilised to mechanise the payroll for hourly and weekly paid staff 

and latterly part of the accounting process, most of the effort had 

been devoted to the mechanisation of production control and require- 

ments planning. By the start of this research, most of production 

divisions in the company were utilising these systems heavily. 

4.4.2 The D.A.S.G. Production Control System A complex production 

control system was operated in D.A.S.G. (see figure 13). This system 

was based on the D.A.S.G. production cycle and was composed of several 

"stand-alone" sub-systems which communicated with each other via 

punched cards, "turnround documents" - computer printouts modified 

by hand and used to re-encode data - and by access to joint files 

(disc or tape). The D.A.S.G. production control system was composed 

of 4 main parts (see figure 14). 
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4.4.2 The D.A.S.G. Production Control System Cont'd. 

* Parts List Documentation - a simple form of requirements 

planning. In this system components were classified 

(manually) by supplier and the computer used to perform 

a limited form of bill of materials processing to break 

down a given number of a product into required numbers 

of its constituent components. This bill of materials 

was printed out, sorted by supplier (Manufacturing Division, 

C.A.S.A., purchased items, etc.) and used to plan the 

supply of components. 

* Methodisation and Planning. This part of the system was 

used to plan the assembly of the finished product. The 

manufacture of the product was broken down into a series of 

operations based on the product structure. For each of 

these, a lead time was specified between the operation and 

completion of the product together with information on the 

assembly method and standard times for the operation 

(supplied by T.E.0. and used for targeting purposes). 

This information was digested by the computer to provide 

a basis for the L.o.B. system. 

* The "L.o.B." progressing system was based on the well known 

Line of Balance production control technique. L.o.B. is 

really a stock maintenance system whereby the stock of 

each item, sub-assembly and assembly needed to make a 

product is kept in balanced amounts according to the lead 

time between its incorporation into the product and the 

delivery of the finished product, its place in the product 
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4.4.2 The D-A.S.:G. Production Control System Cont'd. 

structure and likely cumulative scrap levels. A prod- 

duction plan is derived from the difference between actual 

stocks and the stock computed to be needed to 

maintain the balance. This difference was computed 

from the planning/methodising information and information 

on the stocks of items passed to the computer via punched 

cards returned from the shop floor. Progress information 

derived from this information was provided by the computer 

in both pictorial form and listings of requirements. 

* Shop Floor Documentation was provided in a number of forms - 

feed sheets to demand items from stores, load cards to 

maintain the information required by the L.o.B. system and 

labels to identify each stocked item. 

Whilst this system had both grown up and been implemented as a patch- 

work and had been found to be unwieldy and limiting in some areas, 

the company's management felt it to be invaluable in the control of 

a highly complex assembly process. They regarded the data in the 

system as the best available in the company in many areas and felt 

that an overall change to the system would prove a long and expensive 

task. 

4.4.3 Manufacturing Division's Production Control System During the 
  

Period covered by this thesis, Manufacturing Division operated a complex 

production control system separate to and different from that operating 

in the rest of D.A.S.G. Known as the "Huizen System", the Manu- 

facturing Division production control system had been developed in 

another part of the Philips Group and transferred to M.E.L. in 1968. 
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4.4.3 Manufacturing Division’s ‘Production Control System Cont'd. 

Appendix 1 gives a full description of the system and its links with 

the organisation, so only an outline will be given here. 

The system was used to manage queues of work in progress ina 

functionally laid out machine shop. Some information was provided 

to aid capacity planning and materials buying. No automated scheduling 

was provided apart from simple back scheduling against the due date 

assuming infinite capacity. Manufacturing instructions were issued 

to the shop floor on computer documents, together with pre-punched 

cards for return of data on times taken, quantity made, etc. Pro- 

gressing was based on due date priorities and information was provided 

by machine section and by customer. The only performance measure 

provided was a simple measure of productivity for each machine section. 

The support organisations in Manufacturing Division had been built 

round the requirements of the system and consisted of a methods 

engineering section and a production control section. The methods 

engineering section worked out the method to be used for manufacture 

from the component drawing. The manufacturing effort needed to 

complete each operation comprising this method was estimated by T.E.0. 

and the due date and scheduling information was added by the produc- 

tion control section. This information was communicated to the com- 

puter and provided the base data for the operation of the rest of 

the system by the production control section. 

The management felt that the system had been well implemented and had 

improved a messy situation which had grown steadily worse during the 
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4.4.3 Manufacturing Division's Production Control System Cont'd. 
  

period immediately prior to the implementation of the system. 

However, some ongoing problems were experienced with the disciplines 

required for the accurate operation of the system which will be 

discussed in chapter 6. 

4.5 The Group Tehnology Project 

4.5.1 Factors Influencing its Creation During 1973, M.E.L's senior 

management recognised a number of key problems limiting the company's 

effectiveness: 

* the reaction time required to fulfil an order 

* the availability of production capacity at reasonable cost 

* the efficiency of production 

* a scarcity of skilled labour 

* the cost of financing large amounts of work-in-progress. 

The equipment manufacturing market was seen to be becoming steadily 

more competitive and attempts to break into new market areas were 

often severely restricted by the time taken to get new products to 

the customer or to meet new customer orders for existing products. 

These lengthy thru-put times were one of the prime causes of the large 

investment in work-in-progress. 

Situated in the South East of England M.E.L had difficulty in 

recruiting sufficient skilled and semi-skilled labour to meet its 

production targets. Much of M.E.L's metalwork was sub-contracted 

and problems were being experienced with maintaining adequate quality 

and deliveries of the sub-contracted items. Shortages of metalwork 
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4.5.1 Factors Influencing its Creation Cont'd. 

items were identified as being the most common cause of production 

disruption, 

Attempts had been made to increase production by expansion onto 

other sites. A firm specialising in lens manufacture with its 

own metalwork activity, had been taken over and more recently M.E.L. 

had planned to start production on sites originally belonging to other 

parts of the Philips organisation, but difficulties were being 

experienced in managing the problems posed by the geographical 

separation of production units from their parent organisation. 

The scarcity of labour had restricted the management's scope for 

improving efficiency of production by conventional means. The 

management felt that changes would be resisted by the metalworkers, 

and the trade unions had succeeded in negotiating agreements which 

restricted the scope of work study and systems engineers to improve 

the efficiency of the operation. 

These problems were made worse by the problems of small batch 

production and the high degree of technological innovation. 

Group Technology was seen as a portmanteau method for tackling these 

problems. Some experiments had been carried out with group working 

in assembly areas and Group Technology was seen as ai means of 

improving the production situation by modifying the sociological 

structure of the company (thus reducing the labour problem) and in- 

creasing efficiency at both the technological and administrative 

levels. Of particular interest were the dramatic improvements in 

thru-put times and increases in productivity reported in other 

companies involved in Group Technology (9,15). 
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4.5.1 Factors Influencing its Creation Cont'd. 

Applications of Group Technology were seen by Senior Management to 

be of most interest in areas devoted to metal working. Manufacturing 

Division was, therefore, chosen as the area in which to experiment 

with Group Technology before extending into C.A.S.A., then into 

other areas of the company. 

4.5.2 The Project Team Late in 1973, the company decided to examine 

the feasibility of adopting Group Technology as a basis for some of 

its manufacturing systems and set up a project team to conduct an 

experimental implementation in Manufacturing Division. The project 

team consisted of: 

* an external consultant expert in Group Technology 

who was seen by the company as having the best track 

record of successful implementations 

* the Manager of Manufacturing Division 

* a member of the Methods Engineering Section of 

Manufacturing Division 

a member of the company's internal consulting service 

attached to I.S.A. Division. 

The Divisional Manager represented the source of authority to "get 

things done" and clearly had a strong interest in helping to formulate 

any recommendations for change in his division. 

The Methods Engineer had some 15 years experience in metalwork 

Production, was a fully trained toolmaker (and was qualified to 

Operate any metalworking machine on a skilled basis). His 2 years 
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4.5.2 The Project Team Cont'd. 

experience in the Methods Engineering section had made him familiar 

with current working methods and his wide contacts in the factory 

Provided good communication links with the shop floor and other 

production divisions at the working level. 

As the nominated member of the company's internal consul tancy service, 

the author was able to provide experience in the "Management Sciences" 

of numerical/analytical methods of problem solution, the use of 

computers and organisational/systems design. A twofold role was 

seen: 

* to support the Group Technology project in Manufacturing 

Division 

* to become sufficiently educated in the concept of 

Group Technology to act as a "link man" should it 

prove desirable to implement the concept elsewhere 

in the company. 

During the early stages of the project, the I.S.A. Manager (to whom 

he reported) attended the project meetings and provided the authority 

for accessing the company's computer systems. This role was later 

delegated to the author. 

The management felt that the project team would contain a balanced 

nucleus of expertise and authority. The team was created with the 

Specific purpose of implementing Group Technology in Manufacturing 

Division, the perceived success of the implementation to be used as 

the basis for later decisions to implement the concept elsewhere in 

the company. 
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4.5.2 The Project Team Cont'd. 

It seems clear that the company was primarily interested in a transfer 

of expertise. Package deals had been considered and rejected. The 

philosophy described in sections 2.3 and 3.2 served to guide the 

motives of the senior management, particularly the Senior Production 

Manager in setting up the project in the manner described above. 
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CHAPTER 5 

USE OF COMPUTERS IN ORGANISATION DESIGN 

Bel The Project Plar 

The project team decided to adopt an analytical approach to the 

implementation of a new organisation based on Group Technology. 

A three phase project was envisaged based on the methodology shown 

in figure 15 as follows: 

* Phase 1 Building a data base containing details of 

components classified according to the features 

which should influence their method of manufac- 

ture together with details of current working 

methods (see figure 16). 

* Phase 2 Analysing this data base to develop the Group 

Technology concept, to relate it to the current 

manufacturing system and to propose a new 

organisation (see figure 17), 

* Phase 3 A trial implementation consisting of a simulation 

of the proposed new operating methods and experi- 

mentation with the actual operation of part of 

the trial organisation in order to refine and 

determine the desirability of the new system. 

(see figure 18). This would be followed by 

expansion of the concept to include the whole of 

Manufacturing Division and eventually other areas 

of M-E.L. 
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5.2 Phase 1 - Building the Data Base 

5.2.1 Specification of Key Products Ina highly diversified multi- 

product company such as M,.E.L., a detailed analysis of all products 

may not be possible because of the resources required. Because of 

the limited resources available, the project team decided to con- 

centrate their analysis on those products expected to comprise the 

majority of Manufacturing Division's load during the year 1974/75. 

Accordingly, the combined experience of the Divisional Manager and 

Production Control Manager of Manufacturing Division, together with 

that of the Job Controllers of the major customer divisions, was used 

to specify a short list of five major product ranges on which to 

carry out the detailed analytical phase of the project. 

5.2.2 The Coding Exercise The project team decided to use the Opitz 

coding system (43) as the basis for classifying components according 

to the features which should influence their method of manufacture. 

Component families could then be formed by sorting the components 

according to their Opitz code numbers, since similar parts would 

have similar codes. The Opitz code - see Figure 19 - has the advant- 

age of being well tried and proved and is easily available. 

The code consists of 9 digits, the value of each digit signifying 

a particular feature of the component being coded. The resulting 

code number provides a description of the general geometrical form 

of the component, (rotational, non-rotational, aspect ratios); the 

importance and complexity of its surface features (bores, flats, 

drilled holes, etc.); its approximate size and its source material. 

The external consultant advised that the 9th digit of the published 

code (signifying accuracy) should be sacrificed in favour of including 

a second (the 7th) digit signifying the size of the item along its 
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5.2.2 The Coding Exercise Cont'd. 

minor axis. 

The code, a sample of drawings to be coded and their current 

manufacturing methods were studied to determine the interpretation of 

the code to be used where this was not clear. (When is a bore not 

a bore? What constitutes a functional groove or taper? etc.). 

Minor modifications to the published size ranges were also made 

at this stage (see figure 20), to relate the classification more 

closely to current working methods. 

A scheme was then devised to train mechanical engineering apprentices 

in the use of the code and to ensure the adequate quality of their 

work. 

The Parts List Documentation system (see Section 4.4.2) was used in 

its standard form to specify the drawing numbers of items that were 

both used to make the short listed products and that were desirable 

to be made in the General Machine Shop area of Manufacturing Division 

(see figures] and 12). It was found that some products were not 

included in the P.D. system data base. In this case, the drawing 

code numbers were extracted by hand. These drawings were extracted 

from the "Master Files" and studied by the apprentices who compiled 

lists of drawing numbers and corresponding Optiz code (G.T.C.) numbers 

onto a suitably designed form (see figure 21). The completed forms 

were encoded onto magnetic tape by I1.S.A. Department's Data Pre- 

paration staff. 
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52.2 The Coding Exercise Cont'd. 

Thus lists of drawings, classified according to the features which 

should influence their method of manufacture were produced in a form 

capable of being easily handled by a computer. 

5.2.3 Data Capture System In order to relate the classified com- 

ponents to current working methods, it was necessary to extract 

data on the current manufacturing method of each component. Data 

needed included - 

* machine types used (lathes, mills, drills, etc.) 

* setting times per batch 

* run times per item 

* quantities made 

The Huizen system (see Appendix 1) contained such data, so it 

was decided to use this system as the source of the data required. 

However, a significant difficulty was encountered. The only data 

held in a form capable of being easily transcribed to the computer 

(magnetic tape) was on jobs currently being processed by Manufacturing 

Division. More data on jobs previously made by Manufacturing Division 

was held on punched paper tape - one tape for each component - in 

Manufacturing Division's internal files of data on some 20,000 com- 

ponents made during the previous 6 to 8 years. To transfer this data 

onto magnetic tape would have entailed a lengthy process using more 

Flexowriter and filing clerk capacity than was available. Experi- 

ments to avoid the copying process by splicing the separate paper 

tapes together into a form capable of rapid and accurate transcription 

onto magnetic tape, proved abortive. 
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5.2.3 Data Capture System Cont'd. 

To overcome the difficulty, a data capture system was devised to 

avoid the deletion of jobs from the Huizen system master file on 

the computer that took place when an item was delivered and to 

capture data on new jobs as they were added to the system as part 

of the normal production control cycle. Because the data capture 

system would be running during most of the Opitz coding exercise, it 

was hoped that significant extra data would be captured on Manu- 

facturing Division's future load so that the extra data (and hence 

Flexowriter and Filing Clerk capacity) that would have to be added 

to the data base as a consequence of the decision to analyse products 

which were part of the future (rather than current) load of Manu- 

facturing Division could be minimised. 

The data capture system proved simple to design. An initial copy 

of the Huizen system master file was made and a program written to 

compare this with the "live" data base as the project proceeded. 

The program would add new jobs, up - date information (received 

via the return of operation cards) on jobs already filed and would 

avoid the normal deletion process occurring when jobs were delivered. 

The process was further simplified by the design of the Huizen system 

which included a speedy recognition Process for each job. A "keyword" 

including the job number, component code number and batch identifier 

was included in the header record of each job. The blocks of data 

pertaining to each job were held in the order of this key word which 

simplified the decision process necessary to recognise a job as "new" 

or "updating". 
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5.2.3 Data Capture System Cont'd. 

Figure 22 shows the flow diagram of system which ran each week for 

the duration of the classification exercise and doubled the quantity 

of data held on magentic tape from some 3,500 to 7,000 jobs without 

the need for any extra Flexowriter or Filing Clerk capacity. Computer 

capacity of roughly half an hour per week was required, but proved 

not to be a constraint. In addition to reducing the work necessary 

to compile data for Phase 1 of the project, the data capture system 

provided a valuable source of historical data for comparison and 

targeting of Manufacturing Division's performance during Phase 2 and 3. 

5.2.4 Code Number Editing and Problems Revealed At the start of the 
  

data .capture and classification exercise, it was hoped that the history 

file produced by the data capture system would contain data on the 

great majority of classified components by the time the classification 

exercise was complete. Accordingly, a system was devised to compare 

the drawing numbers in the history file with those on the magnetic 

tape resulting from the classification exercise. The drawing numbers 

in both files contained stray characters (/,3, - 5 , etc.) and chara- 

cters that were open to misinterpretation (0 and 9, Z and 2 etc.). 

In addition, the last digits in certain drawing numbers proved to be 

non-significant. These problems could cause failures in the process 

of matching code numbersto combine information held in separate systems 

(e.g. the data base produced by the data capture system and the 

magnetic tape holding the drawing number and Opitz code). Accordingly, 

a program was written to delete the stray characters and non- 

significant digits and convert the characters capable of misinterpre- 

tation to a consistent format. This program followed the usual 

procedure for solving problems of this type and was based on a"look- 

up" table containing all the invalid characters and decision rules to



5.2.4 Code Number Editing and Problems Revealed Cont'd. 
  

recognise and delete the non-significant digits and convert the 

other characters to the standard format. Thus, files containing 

compatible drawing numbers were produced. 

To speed the recognition process, the file resulting from the 

classification exercise was sorted into code number order and read 

into the fast access (core) store of the computer. A program was 

written to compare the drawing numbers in the history file with those 

in the fast access store, delete those numbers recognised from the 

store and, after reading the whole history file, to list those items 

not recognised (i.e. still in store). 

The classified component file contained some 1,860 items, of these 

only 200 were recognised before the editing programs were written. 

After editing the number increased to 600 leaving some 1,260 drawings 

on which no information on current working methods was available in 

a form easily handled by a computer. 

This discovery had two direct consequences: 

* since the sample of 600 drawings on which complete data 

was available was judged to be inadequate, an exercise 

was mounted to extract the relevant paper tapes from 

Manufacturing Division's files and to add these to the 

history file using the data capture system 

* the addition of such large quantities of data not being 

produced as part of the normal production control cycle 

and hence not subject to the normal constraints of 

manufacturing capacity, would have produced a significant 
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5.2.4 Code Number Editing and Problems Revealed Cont'd. 
  

distortion in the loading pattern. This meant that the 

original intention to examine the loading characteristics 

of a new organisation based on the load occurring in the 

time period covered by the history file had to be abandoned. 

Accordingly, the original plan was modified so that these 

loading characteristics could be based on a forecast of 

one year's output of the products specified for analysis. 

5.2.5 Including Product Forecasts in the Data Base Figure 23 
  

shows the system designed to-build product forecasts in addition to 

the Opitz code number into the data base in a manner suitable for 

Phase 2 of the project. 

First, Job Controllers of the Customer Divisions were interviewed 

to obtain the best evailanle estimates of the specified products to 

be made during the implementation phase of the project. (May 1974 - 

May 1975). 

The bill of materials processing facility of the "P.D." system was 

used to "explode" these forecasts to compute the number of each 

component required to manufacture the products. The computing process 

was based on the product structure (see figure 24) as follows: 

A used on relationship was specified whereby the number of a particular 

component including a scrap allowance, required to make a particular 

sub-assembly was transcribed into the section of the data base allo- 

cated to that component. The sub-assembly's relationship with the 

main assembly was similarly specified as was the relationship of the 

main assembly, and the final product or "parent item". The computa- 

tion of the requirement for a particular component was performed by 
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5.2.5 Including Product Forecasts in the Data Base Cont'd. 
  

multiplication of the product requirement and the appropriate rela- 

tionships (R(i;j) in figure 24) together through the "levels" (sub- 

assembly, main assembly etc.). Where the same item was used in 

different parts of the same product a total requirement could be 

computed by sorting into code number order and adding requirements 

at output time. If the same component was used on different products 

this procedure could be quickened by specification of an index or 

"group commoning number" to allow the computer to find the appro- 

priate requirements directly, rather than go through a lengthy 

sorting procedure. 

In addition to the simple calculation specified above, various 

embellishments were available to take into account "spares" - 

extra components and/or assemblies to be supplied with the main 

product; "free" stock - stock available as "left over" from previous 

orders and "E Loan" or stock already manufactured and loaned to 

another product on a return basis. To avoid re-specification of 

these embellishment quantities, a "clean sweep" option was available 

to compute the basic requirements by automatically setting the embellish- 

ment quantities to zero. 

A limitation on the use of the P.D. system was the restriction of 

the computation to four levels. This restriction had required 

Manufacturing Division to be treated as a supplier of complete items. 

Where these items were assemblies, no listing was immediately available 

of their constituent parts. To achieve a breakdown of these 
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5.2.5 Including Product Forecasts in the Data Base Cont'd. 
  

assemblies, Manufacturing Division reprocessed the "extract" 

specifying the items they were due to supply by re-inputting the 

assembly requirement and using the P.D. system to access their own 

separate part of the data base containing details of the constituent 

components and their relationships with the assemblies now defined 

as parent items. The P.D. system then performed a "secondary" 

explosion to compute the component requirements. The obvious modifi- 

cation to the systems design to link the two explosions directly had 

not been performed. However, by use of the system in the manner 

described above, together with a small amount of clerical effort, it 

was possible to generate complete lists of components, supplied by 

Manufacturing Division, defined in the forecast required to manufac- 

ture the set of products. 

Examination of the product structure showed that on only one group of 

similar products was a secondary explosion necessary. Ina few cases 

products had not had their structures included in the P.D. system's 

data base. These products had been controlled by similar systems 

and outputs were available which were used in a like manner to produce 

lists of component drawing numbers together with the appropriate 

required quantities. In all cases, the "clean sweep option" was 

used since modifications to requirements calculated on this basis 

were judged to be small and very difficult to forecast. 

Meanwhile, the standard software of the computer's operating system 

was used to produce a deck of computer cards pre-punched with all the 
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drawing numbers held on the magnetic tape resulting from the classifi- 

cation exercise. The deck was compiled in drawing number order, 

each component being allocated a separate card. 

The company's drawing numbering system was such that the card deck 

was easy to separate into blocks appropriate to each product. The 

component requirements were then transferred to the cards by I.S.A. 

Department's Data Preparation staff. A simple program was written 

to transfer the component requirements from the cards onto magnetic 

tape together with the code numbers and drawing numbers resulting 

from the classification exercise. 

The final task was the modification of the comparison program used 

to specify coded items not included in the history file of information 

compiled from the Huizen system. The modified program was designed 

to match the code numbers in both files and to write the Opitz code 

number and forecast requirement quantities into spare space in the 

appropriate header record (see figure 23). 

5.2.6 Discussion of Phase 1 Phase 1 lasted some 4 months. In that 

time some 1,860 components were classified by mechanical engineering 

apprentices using the Opitz system, the product forecasts obtained 

and the data base built. The only problem not solved during this 

period concerned a hard core of items on which no information on 

current working methods was available or which were found to be not 

required in the year in question. This situation was caused by 

four factors: 
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* Manufacturing Division had contracted out large volumes 

of work to third party suppliers wherever the work had 

been suited to production on capstan lathes of greater 

than 3 inch capacity. This policy had been followed for 

some years following a decision to dispense with this type 

of manufacturing facility. The only available methods 

engineering information simply specified that the item 

was to be "off loaded complete”. 

* Similar "off loading" policies had been followed on other 

items when capacity constraints had occurred last time the 

item was made. These capacity constraints had occurred 

in Production, Methods Engineering and Production Control 

areas from time to time and had resulted in a similar "off 

load complete" instruction as the only available methods 

engineering information. In some cases, copies of 

previous layouts with more detailed instructions were 

available, but the lack of the relevant paper tape and 

the shortage of Flexowriter capacity precluded the incor- 

poration of these layouts in the data base. 

* The requirements calculation showed the item was not 

required in the year in question, because some items 

were used only on particular customised versions of 

some products. 

* Some information was missing from both systems (P.D. 

and Huizen) due to minor errors in data transcription 

and misfiling. 
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During the period covered by Phase 1 no appropriate (e.g. Methods 

Engineering) capacity was available to overcome this problem of 

missing information and consequently the project team had to 

manage without it. 

Notwithstanding the above difficulties, at the conclusion of Phase 1, 

the data base contained a hard core of complete data on current 

manufacturing methods, forecast requirements and Opitz code for 

982 items. 

Investigations into the accuracy of the data showed that the Opitz 

classification had been carried out to a high standard of consistency 

(in excess of 90%). Such differences that were found were due in 

the main to differences in interpretation of the code rather than 

mistakes in coding or transcription. These differences were judged 

to be not significant. The product forecasts have since proved an 

accurate statement of the requirements placed on Manufacturing 

Division during the period May'74 - May'75. 

The machine routing and timing information obtained from the Huizen 

system represented M.E.L's current standard of accuracy in methods 

engineering and estimating. Since no objective information was 

available to evaluate the accuracy of this data, it must also be 

categorised as best available information. 

The only major question, concerning the validity of the data base 

as the basis for an analytical exercise resulting in a re-organisation 
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(Phase 2), is the degree to which the "hard core" of components on 

which complete data was available was representative of the work to 

be done by the new organisation. This question is fundamental to 

any scientifically based attempt to introduce Group Technology 

and as such receives surprisingly scant attention in the literature. 

If the data used for the construction of the new organisation is 

historically based, then the best that can be said of any organisation 

resulting from its analysis is that it was most appropriate to the 

time when the data used was "live". Alternatively, if forecast 

data is used, then the new organisation may only be as good in the 

working situation as the relationship between the forecast and reality. 

In the case of this project where historical data, representing 

estimated load times and recommended machine routings, forecast 

data representing requirements, and a potentially biased sample of 

components was chosen, the purest would perhaps question the scientific 

validity of the data. 

Perhaps these difficulties can be overcome by taking an approach to 

this problem based on good engineering practice. No organisation can 

function when no flexibility is allowed and all organisations must 

rely on the "robustness of probability". In other words, it is 

extremely unlikely that the sample chosen will be far from that truly 

representative of reality unless either the sampie is small or the 

business reality exhibits wide variations. 
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The effects of sample bias must be considered on two levels - 

* The product level. Since some care was taken in the 

choice of products to be analysed, sample bias at this 

level is thought not to be serious. Additional confidence 

can be gained from the component family concept. Families 

will contain components from many products and when loading 

is considered from a family point of view, the products 

will each contribute a small part to the constituent 

components and loading characteristics of the family. 

The component spectrum thus represents an average picture 

obtained from a large number of products. Significant 

distortions will only occur when large differences in the 

distribution of component types between products combine 

with large variations in the product demand. 

* At the component level, the only significant bias is thought 

to have been produced by a consistent trend in the off- 

loading policy and consequent missing methods engineering 

information. This trend centred on the consistent off- 

loading of large batch turning work of over 3" diameter. 

The Manufacturing Divisional Manager had decided to buy 

three automatic lathes capable of producing the majority 

of this work in future. Since these machines would arrive 

during the implementation phase of the project, their 

affect on the loading of the new organisation would have 

to be taken into account. Since no methods engineering 
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or estimating information concerning these machines 

or the work to be loaded to them was available, it was 

decided to construct new organisational proposals by 

analysis of the "best available" information in the 

data base and to estimate the effects of the new machines 

during the refinement phase of Phase 2(see figure 17). 

The potential problem posed by possible wide variations in the business 

pattern is of course fundamental and concerns the degree of flexibility 

required from the new organisation rather than its form at any parti- 

cular time. 

After consideration of these points, the project team decided to 

continue as planned with Phase 2 of the project, incorporating the 

suggestions outlined above for handling the problem posed by the new 

lathes. 

5.3 Phase 2 - Analysis and Synthesis 

5.3.1 Component Manufacturing Hours Analysis The first step in the 

development of the Group Technology concept was to access the data 

base to compute the hours required to manufacture each classified 

component. In order to relate the required manufacturing hours 

according to the current working methods with the features which 

should influence the manufacture of the component, the computation 

was designed to relate the required manufacturing hours to the Opitz 

code number of each classified component. 
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The production control system identified over 100 different manu- 

facturing operation types. In order to clarify the results, these 

operation types were analysed and reduced to 8 groups of similar 

Operations of major importance: 

* turning 

* milling 

* numerically controlled machining 

* drilling 

* jig boring 

* grinding (surface or cylindrical - differentiated by 
the Opitz code) 

* "sheet metal" - deburring operations were considered 

to be performed by the Sheet Metal section (see Section 

4.3). Note that since no sheet metal components were 

classified, the computation automatically excluded other 

types of sheet metal capacity 

* others. These were operations performed by the 

Processing Department, (painting, heat treatment, 

acid cleaning, plating, etc.), which were excluded 

from the potential re-organisation because the technologies 

were environmentally incompatible with metalworking. 

A computer program was written to access the data base and calculate 

the manufacturing hours required, in each of the 8 major technology 

groupings, to meet the component requirement obtained from the product 

explosion. The same method of calculation was used in this program 
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as in the standard Huizen system, i.e. the currently accepted data 

on set times per batch and run times per component and the same 

calculation routine making due allowance for learning. A facility 

was incorporated to simulate the effect of debatching, but on the 

advice of the external consultant, this facility was not used. The 

flow diagram of this program is shown in figure 25 and an example of 

the output in figure 26. 

Two attempts were made at this stage to produce family groupings 

of components by sorting the output according to the Opitz code 

number of each component. The first attempt involved simply aig flag 

in order of the Opitz number, the second in the order of: 

1. Opitz code digit 1 - major geometrical form 

2. Opitz digit 6 - size range 

3. Opitz digit 8 - material type 

4. Complete Opitz number 

In neither case were obvious component families found that were large 

enough to use as the basis for a re-organisation. Clearly a "wood 

for trees" problem was being encountered and a method was needed 

to compile families, large enough to use as the basis for a re- 

organisation, from the smaller families recognised from the sorting- 

Process. Attempts to perform this process by hand proved very lengthy 

and if followed would have severely restricted the number of organisa- 

tional options that could have been explored. Consequently, the 

method described below was devised. 
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puting methods have been widely available for about 12 years in the 

U.K. The usual technique is to share a large computer between a ; 

number of users on a time sharing basis. The operating system of 

the computer is designed to give each user access via a remote terminal 

(teletype or video) to the power of the whole computer (core and 

peripherals) for a few milliseconds at a time. The power of the 

computer has to be such that within this period significant quantities 

of data can be processed. The processing for each user is done in 

a series of these "time slots" on a rotational basis. Each user's 

time "slot" becomes available so rapidly that the interruption is 

hardly perceivable and each user apparently has immediate and continu- 

ous access to the whole power of the large computer. By this means, 

the extensive delays of batch processing can be avoided. An additional 

advantage of most time sharing systems is that sophisticated aids to 

program development (error flags, editing facilities and pre-written 

programs and sub-routines) are provided by the operating system. By 

the use of such facilities it is often found that the time required 

for program development can be cut from a matter of weeks to a matter 

of hours. Provided large volumes of printout are not required the 

results of a program run are available within a few seconds or minutes 

rather than having to wait many hours or days for the conventional 

batch processing system reliant on job queues. Provided the quantities 

of data to be processed are not excessive, the use of such systems is 

comparatively cheap - say £1 per run of a developed program with say 

100 lines of output and a fair amount of computation. 
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It was considered that interrogation of the data base by such inter- 

active methods could be used to examine, in a short period of time, 

the loading characteristics of a large number of possible family 

combinations. These results could be combined with available 

knowledge of Manufacturing Division's particular situation, the 

social sciences and good engineering practice to establish an optimum 

basis for the new organisational structure. 

The company's internal computer could not offer an interactive access 

facility. Consequently, it was necessary to transfer the relevant 

data to a computer offering this service. The Philips Group operated 

its own time sharing service, available via G.P.0. lines linked to a 

teletype in M.E.L. Unfortunately, speedy options for data transfer 

by way of direct connection of the computers, magnetic tape or machine 

punched cards were found to be technically infeasible. Consequently, 

data was transferred via the teletype using paper tape prepared 

manually "off line" (not connected to the computer, hence no computer 

charges). Data transferred was simply that contained on the output 

of the manufacturing load hours analysis, viz. the component drawing 

numbers, Opitz code numbers and the set and run times in each of the 

8 major machine groupings. The apparently mammoth task of typing 

some 20,000 numbers accurately onto a paper tape occupied 2 people for 

only 3 days. 

The data tape was fed into the time sharing system and validated as 

follows: 
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ig Syntax errors were eliminated using the editing 

facilities provided by the time sharing system. 

A simple program was written to compute the totals per 

family of the set and run times. These were compared 

with those on the manufacturing hours output. These 

proved perhaps surprisingly accurate, but allowed easy 

correction of a few errors, again via the time sharing 

system editing facilities. 

A program was written to extract and list all peculiar 

items, (e.g. rotational items (Opitz digit 1 < 4) with 

no turning time). The data on these itemswas checked 

against the manufacturing method - no errors were found. 

A second program was written to present a pareto of the 

items by total load hours. The "top twenty" items were 

checked against a hand calculation from basic methods 

engineering information - no errors were found. 

The transcribed data base was now considered accurate. The entire 

Process of transcription, writing and proving the above programs and 

validation took 8 man days. 

A program was then developed to comb the data for items having charac- 

teristics obeying pre-set rules (e.g. similar values of particular 

Opitz digits, similar machines visited, etc.). This program was 

designed to present machine hours grouped by size and material for 

use as a basis for the examination of the loading characteristics of 
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the new organisation. Its flow diagram is shown in figure 27 

and examples of the two alternative outputs available in figures 28 and 

297, 

5.3.3 Use of Interactive Methods in Cell Formation The facilities 

described above were used to examine the loading characteristics of 

a number of alternative organisations. The structure of each 

organisation was specified and appropriate decision rules to determine 

which-job-should-go-where incorporated into the data combing program. 

The system was used to compute the load, on each part of the proposed 

organisation, broken down by size and material into each of the 8 

major machine groupings described above. The process was repeated 

iteratively until a number of viable alternatives had been examined 

fully. In order to illustrate the process, a worked example is given 

below: 

5.3.3 1, Organisational Structure - Four production cells 

* Two turning cells 

* One milling cell 

* One N.C. cell 

5.3.3 2. Decision Rules 

* Turning Cell A - devoted to machining short rotational 

parts of less than 1" in diameter. Appropriate 

selection criteria were: 

Opitz digit 1 <2; Opitz digit 6 = 0; N.C. Hours = 0 

* Turning Cell B - devoted to machining shafts, 

"difficult" items (awkward but basically rotational 

shapes) and all rotational items over 1" in diameter. 

Appropriate selection criteria were: 

2s Opitz digit 1< 4; N.C. Hours = 0 plus 

Opitz digit 1< 2; Ones digit 6>0; N.C. Hours = 0
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* Milling Cell - devoted to machining all non rotational 

items not currently being specified for manufacture 

on N.C, machines. Appropriate selection criteria 

were: 

Opitz digit 1> 5; N.C. Hours = 0 

N.C. Cell - devoted to the complete machini ng of 

all items currently specified for manufacture on N.C. 

machines. Appropriate selection criteria were: 

N.C. Hours > 0. 

Figures 30 - 34 illustrate the depth of analysis possible and stages 

in the iterative process leading to the specification of a Milling 

Cell separate from an N.C. Cell. A similar process was followed 

for rotational items leading to the specification of the two Turning 

Cells (see figures 35 and 36). 

By expanding the selection criteria it was possible to obtain rapid 

answers to questions such as - 

“What effect on the total loads of Turning Cells A and B 

is produced by sending all items requiring grinding that 

would normally be sent to Cell A to Cell B"? 

(Grinding presented a problem because a high degree of skill was 

required to set the machine, but the load presented to it was too 

small] to warrant a skilled setter in each cell). 

This was simply obtained by adding the following selection criteria 

to the selection rules listed above. 
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Turning Cell A: Grinding Hours = 0 

Turning Cell B: Opitz digit 1< 2; Opitz digit 6 = 0; 

Grinding Hours> 0. 

Another modification tried was to incorporate the effect of debatching 

into the loading calculation (the original calculation assumed the 

total component requirement for the year was produced in one batch). 

Whilst it could have been possible to go to the sophistication of the 

learning allowance described in Appendix I , a simple estimate of the 

effect of debatching was chosen that could be obtained by adding an 

extra setting time each time the load time exceeded a preset value. 

The relationship 

L = S (1 + INT (R/X) ) +R 

was used where the load time (L) represented the given function of the 

setting time per batch (S), the total run time for the quantity 

required to meet the year forecast (R) and the maximum batch hours 

allowed (X). An example of this effect is shown in figure 33. 

By use of such interactive interrogation of the data base, it was 

possible to investigate the characteristics of a large number of 

organisational options both extremely rapidly and in great depth. 

The results described above took less than 1 hour to obtain (although 

the graphs shown in figures 30 - 35 took a little longer to plot). 

This compares with some 5 man days to compile a single analysis by 

hand. The computer method has the advantage of accuracy over the 

hand method, when fatigue or carelessness could cause mistakes in 

addition and items to be missed or included wrongly. The amount of 

effort ina hand calculation would probably have limited the examina- 

tion to one or two alternatives, with no great detail possible in the
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investigation of alternative loading rules. 

5.3.4 Evaluation of Intangibles The analyses provided by the 

computer painted only part of the picture. In order to evaluate the 

more intangible benefits and constraints produced by the various 

organisational proposals, the project team decided to discuss the 

information produced with groups of staff liable to be affected by 

the changes envisaged. 

To limit the amount of data needed to be digested in these discussions, 

an "evaluation matrix" was used to select the more promising organisa- 

tional proposal. This proposal could then be discussed in detail 

with the staff affected and information on the alternative organisa- 

tions used as background if required. 

Factors affecting the desirability of a new organisation were listed 

and weighted according to their probable relative importance (according 

to the author and the Methods Engineer). Each alternative organisa~ 

tional proposal was scored according to its desirability with respect 

to each factor. A total score for each proposal was obtained by 

summing the products of the factor weights and the scores. The most 

desirable organisation was defined as the one with the highest score. 

This method has been used by Muther (30) to evaluate alternative 

layout proposals. The method was found to be a clear and speedy 

method of selecting an optimum. Its limitations are, of course, the 

subjective selection of the factors, the factor weights and the scores. 

It must, therefore, be classified as a quasi - objective means of 
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assessing a subjective thought process. However, it is believed 

to be at least one degree better than the even more subjective, less 

clear and sometimes slower process of selecting that which “seems 

to be best", without troubling to list the selection criteria, or 

considering their relative importance. 

5.3.5 Interesting Considerations Apart from leading to the organisa- 

tional proposals in the manner outlined above, the load analysis 

revealed a number of interesting considerations. Some of these 

are listed below. 

* The 982 items analysed in depth accounted for some 

28,000 hours work or the equivalent of roughly 193 

Operators. (The current loading rules assumed each 

operator contributed 1,440 effective hours per year). 

The Divisional Manager and his Production Control 

Manager estimated this to be 60-65% of their expected 

load. Whilst less than the 80-85% hoped for at the 

product selection stage, due in the main to the 

missing data described in Section 5.2.6, the sample 

accounted for a very significant part of the expected 

load. 

* The work was split almost evenly between rotational and 

non-rotational items (see figure 37) although the missing 

data (largely due remember to large batch turning work 

"off loaded") must have decreased the predicted rotational work 

load. The purchase of three plugboard automatic lathes 

would mean that this work would in future be done “in- 

house". To cater for this, the staff of the two Turning 
ior
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Cells was to be increased to provide more capacity 

on subsidiary machines. One extra operator in each 

cell was judged to be adequate. 

* Pareto analyses (see figures 37 and 38) revealed no 

obvious flow lines possible in the Turning and Milling 

Cells. The 9,566 hours work accounted for by only 34 

items combined with the tendency towards larger sized 

work may be indicated a potential flow line in the 

N.C. Cell. This area was not under the aegis of the 

Project team, but the information was forwarded to the 

relevant manager. 

* A large quantity of stainless steel work was shown to be 

required from both Turning Cells (See figures 35 and 36). 

Supervisors and Unions considered this to be a significant 

increase over the present load. The technological 

Capability of M.E.L. to deal efficiently with this problem 

was questioned, and an investigation into special purpose 

tooling and better purchasing policies recommended. 

* There was a marked lack of special purpose turning - i.e. 

very little screw cutting, taper turning or functional 

grooving. This contrasted with the provision of facilities 

to perform these tasks on almost every lathe in the shop. 

* The items analysed were of small size (no rotational item 

over 16" and only 2 over 6.5" diameter). The largest 

non-rotational item encountered would have fitted easily 

into a 25" cube. 
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* The size range and low requirement for special purpose 

turning resulted in a recommendation to purchase short 

bed lathes with minimal facilities when replacement or 

expansion of the current tooling was considered. 

At this stage, the proposed organisation was considered by the project 

team to give sufficient scope for the exploitation of the benefits of 

parts family manufacture without demanding too much in terms of multi- 

skill/flexibility or over specialisation on behalf of the operators. 

5.3.6 Sociological Problems The proposed new organisation was laid 

out using wooden models (constructed by the ubiquitous apprentices) 

ina 3 dimensional layout (see figure 39). The model was used as a 

basis for discussions with the Supervision, the Trade Unions and the 

support organisation (Methods Engineering and Production Control). 

Whilst accepting the proposals as good, Supervision was clearly 

unsure of its new role and fearful of changes that could lead to 

organisational independence of the cells from the Supervision. They 

could not see through to a new role in supporting the cells, either 

technically or in an entrepreneurial sense and may well have seen their 

jobs disappearing. 

The Trade Unions were worried about the extent of specialisation to 

be demanded by virtue of the component family concept. Theyalso 

expressed concern about the possibility of management setting up a 

competitive situation between cells. Whilst prepared to "go along” 

with the change, they reserved their rights to negotiate. 
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The Methods Engineering and Planning Sections were asked to help in 

evolving their new roles in an organisation based on Group Technatoave 

The staff involved seemed generally quite positive in their attitude 

to the forthcoming change but, possibly due to lack of experience, 

they felt unable to contribute a great deal to initial discussions. 

During the period in which these discussions were taking place, many 

of the organisational changes mentioned in Chapter 4 took place. The 

most important of these was the resignation of the Senior Production 

Manager, who had provided much of the impetus behind the project. 

Without his authority, the project team lacked sufficient backing to 

negotiate payment for the flexibility required to support the new 

system. Without this payment, the Trade Unions refused to become 

"flexible" - to operate more than one machine in normal working hours, 

although they agreed to flexibility in overtime. 

To cope with this problem the project team decided on the followi ng 

plan: 

1, the two Turning Cells would be combined into one, 

which would increase the load to the supporting mills 

and drills sufficiently to warrant one operator full 

time on each machine type 

2. the initial implementation would be limited to the 

Turning Cell for a period of at least six months, 

which would allow all involved to become accustomed 

to the new system and give time for coping with some 

entrenched attitude problems 
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3. an economic experiment would be conducted to demonstrate 

the viability of the new organisation to management and 

to clarify the problem of payment for flexibility. This 

demonstration was also necessary because of the changes in 

senior management that took place during the implementation 

(see sections 4.2.2 and 7.1). 

4. The modifications to the production control system required 

to support an organisation based on Group Technology, would 

be tried out in the Turning Cell so that extension of the 

concept to the rest of Manufacturing Division, could be 

managed more smoothly. 

Agreement to proceed without flexibility was obtained from the Trade 

Unions, the Supervision and Support Staff agreed to give the trial 

cell a “fair try". A revised layout plan was produced (see figure 40) 

and the appropriate machines moved to create the Turning Cell. 
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CHAPTER 6 

MODIFICATION OF A PRODUCTION CONTROL SYSTEM TO ACCOMMODATE 
GROUP TECHNOLOGY 
  

6.1 Introduction 

In batch/jobbing production, control systems are generally designed 

for the management of queues of work-in-progress in a functionally 

laid out shop. The implementation of Group Technology poses three 

particular problems to the production control systems designer. 

First, in the Group Technology situation, the queues of work-in-progress 

may be too short to make production control via their management a 

viable proposition. Secondly, the re-layout of the shop floor may 

so complicate the computer's model of the organisation that it becomes 

necessary to change the system to suit the organisation. Thirdly, 

the importance of sequencing to exploit parts family manufacture and 

the short thru-put times on the shop floor places a new emphasis on 

marshalling materials and tools before the job commences and on 

avoiding disruption to the production plan once the job sequence is 

commenced. The existing system may not be adequate to cope with 

this change of emphasis or give sufficient assistance in designing 

good job sequences. 

This chapter describes how a conventionally designed production control 

system was modified to accommodate the changes imposed by a re- 

organisation based on Group Technology and how certain improvements 

were incorporated in the information provided by the system to cope 

with the problems and opportunities presented by the new methods. 
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6.2 "The Huizen System" - Design and General Problems 

Appendix 1 describes the production control system and its links 

with the organisation. 

The system was of fairly conventional "first generation" (tape based) 

design and was intended for control of jobbing production via 

progressing on a simple due date basis. There were no direct links 

with forecast sales of finished products or information on their 

stocks and work-in-progress in the customer divisions. The manage- 

ment regarded the flow of orders as random and unpredictable and so 

control was strictly on a jobbing basis with few efforts to minimise 

costs by the use of either Economic Batch Quantity or Period Batch 

Scheduling techniques. 

In addition to problems associated with the design of the system, a 

number of problems were being experienced with its operation which had 

remained unsolved since the system had been implemented some years 

previously. The main such problems were: 

* the capacity planning, whilst based on a good picture 

of the estimated load IN THE SYSTEM took no proper 

account of a sometimes significant amount of work loaded 

direct to the shop floor, bypassing the normal methodising 

and production control processes, for reasons of urgency 

but increasing the complexity of the control task. 

Capacity was allowed to cope with this work by degrading 

the amount of work assumed to be produced by each operator 

but no information was used to assess this capacity other 
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than a simple guess that each man produced 30 standard 

hours per week of work "in the system". 

The capacity planning process was known to be suspect 

and customers sometimes took advantage of this by taking 

work turned down (for reasons of lack of capacity) by the 

production controller, direct to the shop floor, where 

they stood a good chance of getting it done. 

* There was a lack of confidence in the estimating process. 

N.B. Estimating was done by T.E.0. - not Manufacturing 

Division. Factors influencing this included: 

a) insufficient detail in the methodisation for T.E.0. 

(see Chapter 4) particularly feeds and speeds 

b) Manufacturing Division's lack of confidence in the 

estimator 

c) supervision failing always to enforce the stated 

method and operators ignoring it at times 

d) management failing to audit the process sufficiently 

regularly to overcome the problems. 

* Some operators failed to feed back accurate data to the 

system. Operations could be "clocked off" when they 

should have finished rather than when they actually 

finished. Efficient operators could thus generate some 

spare time and poor operators were sometimes not called 

to account for taking longer than they should on particular 

tasks. On occasions, an estimator could be asked to re-time 
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the job on the basis of the method being used rather than 

that specified. If the difference in methods was the 

major cause of the excess time, the next time the job 

was made by an efficient operator even more spare time 

could be generated. 

* Whilst lateness in arrival of materials was recognised by 

the system in time for a progress chaser to take action, 

lateness of tools often went unrecognised. This problem 

was made worse bya policy of storing some tools in a ware- 

house 10 miles from the shop floor. No system was avail- 

able to forecast which tools would be required and when. 

* The company was used to jobs having a long thru-put time and 

to a general failure of Manufacturing Division to meet 

delivery dates. The customer divisions tended to ask for 

jobs long before they needed them which may have resulted 

in more work than necessary being off-loaded and a higher 

than necessary stock of finished parts. These problems 

were not visible because no information was available on 

them and the lack of visibility removed much of the pressure 

to improve from Manufacturing Division. 

Notwithstanding the problems, the system coped fairly well with a 

complex control task. The management felt that the system had pro- 

duced a good measure of control where very little had previously existed. 

6.3 Particular Problems vis-a-vis Group Technology 

The implementation of Group Technology produced a number of specific 

problems associated with the Huizen system. These problems are 

outlined below: ined below Manes



6.3.1 Organisation of Information The information output from the 

Huizen system was structured to support production control of a 

functionally organised machine shop via the management of inter- 

operation queues. The functional structure was also reflected in 

the organisation of data input to the system. 

The move to a cellular organisation required some considerable re- 

structuring of this information to maintain and possibly improve 

control whilst avoiding an increase and hopefully stimulating a 

decrease in the administrative effort required to run the system. 

The restructuring was needed in most parts of the system including 

capacity/load planning; scheduling; progressing and performance 

measurement , 

6.3.2 Tight Scheduling One of the main objectives in moving to a 

cellular organisation was to reduce the shop floor thru-put time. 

The achievement of this objective required a considerable reduction 

in the queue times allowed between operations. 

The scheduling prior to the re-organisation usually allowed 1 week's 

queueing between each operation. The work queues generated by this 

rule allowed many problems to remain invisible. For example, 

Operators taking longer than the estimated time for a job, would 

probably not disrupt the schedule since they would simply eat into 

the queue time for the next process by a small] percentage (queue 

times were much longer than operation times). Whilst a general 

slackness would increase the backlog of late work, this was catered 

for by reducing the amount of work accepted or by sub-contracting part 
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6.3.2 Tight Scheduling Cont'd. 

of the backlog to outside suppliers. Loose scheduling also allowed 

more time for coping with such problems as tool breakages, wrong 

materials or tools supplied, operator absenteeism, machine breakdown, 

etc, 

A target of 1 day's queueing between operations was selected for the 

new organisation. This target seemed consistent with the reductions 

in lead times and work-in-progress claimed by other companies using 

Group Technology, but placed a new emphasis on Manufacturing Division's 

ability to solve problems fast enough to avoid disruption of the 

tighter schedules. 

The shorter job queues also meant that the twice weekly update of 

information provided by the system was no longer sufficient to keep 

pace with one operation per day. The extra computing capacity and 

difficulties in speeding the flow of information to and from the 

computer meant that simply moving to a daily update was not possible. 

6.3.3 Sequencing To exploit the concept of parts family manufacture 

in an environment where the families are too small (for reasons of 

either the lack of parts standardisation or the lack of suitable 

composite tool rigs) requires that some attention is paid to the 

Sequence of jobs that are submitted to each machine. If this is not 

done, then little or no benefit from reductions in setting time will 

be obtained. 
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An additional need for a planned sequence of jobs is generated by 

the effects of machine interference. With long inter-operation 

queues, each machine is buffered from the others by the queues. 

If the queues are shortened without attention to the job sequence 

the situation may arise where a job must be idle because no machine 

is available to work on it or a machine must be idle because all the 

jobs for it are still undergoing processing on other machines. Thus 

machine interference can cause unplanned job queues and idle machines 

if no proper’ account is taken of the job sequence. 

The Huizen system contained no facilities for sequencing. Solution 

of the sequencing problem by more exact scheduling was not feasible 

because: 

* the finest schedule available from the computer could 

only be defined to the nearest 3 day (most operations 

took less than 2 hours) 

* no facilities were available to examine the effects of 

machine interference in a job sequence 

* no rules were available to design sequences in the 

on-going working situation. Any sequence would have to be 

produced by trial and error which would be very long 

winded if supported by batch processing in the computer. 

6.4 Modifications to the System 

To overcome the problems outlined above, the production control system 

was modified and extended as described below. There were three 

factors constraining the possible extent of the modifications. 
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6.4 Modifications to the System Cont'd. 

First, some customers required proof of the actual time spent ona 

job. Consequently, it was not possible to consider control at any 

but the individual operation level. Secondly, the expense of a 

new or completely reorganised system was not seen to be justified 

by the management. Thirdly, the difficulties of implementing 

major perceived changes in the control system in the support organisa- 

tion which had been built up round the Huizen system, were recognised 

as a problem to be avoided, at least until the shop floor changes 

had been fully implemented. The possibility of using a completely 

new system was therefore ruled out by the management who also felt 

that the reorganised Huizen system should be capable of supporting 

the cellular organisation with the cells treated as fairly self 

sufficient businesses without the necessity of significant extra 

modifications to the system at a later date. The objective of the 

modifications was therefore to modify the system to support Group 

Technology, minimising any basic changes to the system or to its 

surrounding management processes. 

6.4.1 Re-organisation of Information - Basic Problems and Solutions The 
  

basic problem of reorganisation of information was that of enabling the 

computer to recognise a group of operations on any job as belonging to 

acell. Simple solutions such as including a cell identifier in 

the header or operation records on input were felt to be infeasible 

because: 

* the computer's input devices (Flexowriters) had no spare 

space in their input formats. Any extra information input 

would have necessitated extensive re-programming of the 
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6.4.1 Re-organisation of Information - Basic Problems and Solutions 
Cont'd. 

Flexowriters and the validation and screening parts of 

the Huizen system 

* whilst some data on jobs previously processed by 

Manufacturing Division had been accumulated by use of 

the history file, described in section 5.2.3., much of 

the data was still held in the form of individual 

paper tapes which would have required modification if 

this method was adopted. 

* jit was hoped that extra effort associated with the 

cellular system in the production control and planning 

sections could be avoided particularly in view of the 

already unwieldy nature of the processes surrounding 

the system (see Appendix 1). 

Anattempt to mechanise this decision making process was therefore 

made, 

At first it was hoped that the Opitz code could, with some minor 

modifications, form the basis for the processes. However, a study 

of some 300 sample layouts showed this to be infeasible because: 

* over half the jobs studied under-went some form of 

painting or chemical processing. There was no infor- 

mation on such processing in the Opitz code 

* there was an important administrative difference between 

N.C. milling and ordinary milling (a different Division 
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and hourly rate), although both were controlled via the 

Huizen system. The Opitz code did not distinguish 

between the two types of milling 

* 60% of jobs were sheetmetal. The Opitz code contained 

no information on sheetmetal work 

* apart from processing, some 20% of jobs were required 

to visit more than one cell during their manufacture. 

Whilst it might have been possible to overcome some of 

these difficulties by adjusting the cellular structure, 

some hard core problems would probably always have 

remained because of particular manufacturing problems 

(e.g. surface’ grinding on cylindrical parts) and particular, 

specialist machines that would have been difficult to 

divide amongst cells in an organisation of Manufacturing 

Division's size (e.g. 3 jig borers needed by 8 cells). 

The Opitz code is fundamentally associated with the geometry and surface 

features of a component. As such, it appears unsuited to the solution 

of detailed routing problems. 

Since the Opitz code appeared unsuited to this task, a solution was 

sought via the "machine group number", This three digit number was 

associated with each operation on every job and was the existing means 

whereby the computer structured its information, There were two key 

problems surrounding the use of the number: 
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* a single number was allocated to each machine type - 

Drills = 085, Jig Borers = 088. Because machines of’ 

one type could appear in more than one cell, no simple 

solution via the existing information structuring mechan- 

ism was available 

* changes in the allocation of the machine group number 

were difficult because of the limit on the numbers 

available (200) and the large amount of data held 

on individual paper tapes. Any change would have 

required extensive editing and modification of the 

information both in the paper tape data bank and on the 

computer files. Such an exercise would have put an 

unacceptably large load on Production Control staff. 

Consequently, an attempt was made to solve the problem of information 

re-structuring by building a decision process into the Huizen system 

whereby the cells could be recognised from their constituent (and 

existing) machine group numbers. 

Use was made of the "rates routine file" which contained data to 

support another system associated with cost allocation. With some 

minor modifications to the existing supporting software, this file 

was capable of holding data structured as shown in figure 41, viz 

cell numbers and names together with the numbers and names of the 

machine groups comprising the cell, 
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Cont'd. Sa a , : 

A link was built between this file and the Huizen system input programs 

to build up a sorted core table (for fast access) of the machine 

groups i 

CELL NO. 

332 

n each cell e.g. 

NAME CONTAINS MACHINE GROUP NUMBERS 

Turning Team 030 052 060 061 052 

063 064 065 066 070 

075 076 080 085 090 095 

The acceptance program of the Huizen System which passed validated 

data from the paper input tape to the main system data file was then 

modified to include the following routine. 
  

  

  

SHEP) ACTION 

Vs Read a data on a job into core. 

ae List all machine groups visited up to the first inspection 

operation or end of cell operation (see below) into a (core) 

table. 

3. Sort the table-into numerical order and count number of 

groups (N). 

4, Compare table of machine groups required for this part of 

the job with table of groups occurring in each cell and 

score "hits" (machine groups needed occuring in cell 

for each cell (Hj)). 

55 If a) all Hj < N reject job and record on error list 

b) Hj = N for one cell only,add cell number to each 

operation record covered in this list. 

c) Hj = N for more than one cell go to default option 

(see below) and print warning on error list. 

6. | Repeat steps 2 to 6 for the next list of operations until 

| all operations on the job have been exhausted. 

Re Repeat steps 1 to 7 for all jobs input.       
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The flow diagram of this program is shown in figure 42, 

Via this process, most jobs were passed to the data files with 

the cell number appropriate to each operation recorded against the 

operation's data. Some jobs could be made by more than one cell, 

so a routine was designed to cope with these on the basis of a 

“default option". At the time of writing, the only potential 

confusion lay with items that required milling and/or drilling only 

on machines that occurred in both the Turning and Milling cells. 

For simplicity, it was decided to load all these jobs to the Milling 

Cell. Some layouts were found where a mechanical inspection did not 

form the natural dividing point between cells. In those-cases where 

it was felt logical to have an inspection (because of the plan to 

make cells responsible for their own quality) an inspection operation 

was added. In some cases, an inspection operation would not have 

been warranted and, in these, an artificial inspection operation was 

added and named an "end of cell operation". This was needed in only 

5% of jobs. 

In both cases, no re-progranming of the input devices was necessary 

since the information to be added had the same structure as that 

already entered via the Flexowriters and input programs. 

Whilst the total number of jobs requiring some form of correction 

was in the region of 25%, very few proved necessary because of the 

system's decision making process, most being due to either failure to 
coe
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include appropriate inspection Operations when jobs had been 

previously loaded, or new inspection requirements because of the 

plan for cellular accountability. 

The mechanism provided the basis for the restructuring of information 

output from the system necessary to eunoore Group Technology. No 

re-programming of the input devices was necessary and the adjustments 

to the input programs wereminimised. The modifications to the data 

bank of paper tape were reduced considerably to a level that could be 

coped with by the existing production control staff. 

Use of the rates routine-file provided an independent means of 

adjusting the computer's model of the organisation to keep pace with 

any future changes without the need for modification to any programs 

in the Huizen (or any other) system. 

Examples of the use of this solution to the routing problem, in the 

restructuring of the information Provided by the system to support 

the cellular organisation and to reinforce the benefits from Group 

Technology, are given below. 

6.4.2 Modifications to the Capacity Loading Scheduling Process 

Figure 43 is an example of a "load chart" - the information used 

by the production controller when negotiating due dates with the 

customer divisions. The existing load on each machine group ina 

Section was shown as a function of time. All overdue work was shown 

as "backlog". Any work due to be performed during the four weeks 

after the printout was produced was shown in the week concerned. 
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Work planned for the next 11 (4 week) months, was shown by month 

and any work scheduled more than 12 months ahead was shown as "forward 

load". A continuous decimal week numbering system was used and the 

load information was derived from the estimated load time for each 

operation, 

Figure 44 is an example of the revised format of this information 

used after the implementation of Group Technology. The new load 

charts were planned for each cell together with an overall chart 

displaying the total load for Manufacturing Division. As can be 

seen, the important concepts underlying the original version have 

been preserved, but some key refinements have been introduced to 

support Group Technology. These refinements were: 

* the information was organised on a cellular basis. 

It was hoped that, by. this means, not only would the 

load to the cells be better planned, but also the path 

to management of the cells as small business would be 

eased by promoting the cellular thinking of the 

production controllers. The new format could be used, 

either with the current organisation of production control 

staff or with an organisation based on more autonomous 

cells where some production control staff formed part 

of the cell. 
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* the planned load was broken down by machine type with the 

machines arranged in the most likely job processing sequence 

reading from the left. It was hoped that this informa- 

tion would help the schedulers to balance the load to 

each machine type to minimise the requirements for operator 

flexibility. 

* the planned load was compared with a crude estimate of 

available capacity (using the 30 hours/man/week rule) as 

before. An indicator (+) was provided to highlight the 

month when the notional capacity exceeded the planned 

load to assist the production controller in his negotia- 

tions on due dates. 

A suggestion that the capacity planning process should be refined, 

either simply by indicating the nominal capacity of each machine type 

or by using a more sophisticated figure computed from an analysis of 

the trends of current performance was rejected as an over complica- 

tion that might distort the proper running of the cell. 

In addition to modifying the information supporting the negotiations 

of due dates and long term scheduling, a key change was made to the 

definition of the due date itself. Prior to Group Technology, a 

due week was agreed. This seemed to be an undesirable contraint 

because: 

* dividing jobs into weekly "piles" gave insufficient 

scope for making parts in families 

* the due date was agreed many months in advance when the 

planning of the customer divisions was usually not well 
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defined on the job concerned and, in the case of new jobs, 

Manufacturing Division's estimate was simply a crude guess. 

Considerable departures from the due date achieved by 

Manufacturing Division often went unnoticed by the 

customer divisions indicating that to tie Manufacturing 

Division down to a due week at this stage, was unnecessary. 

Therefore, to increase the scope of parts family manufacture, the 

due date was defined as a due month. To allow for better planning 

in the customer divisions and to keep pace with changing priorities, 

more use was planned of an existing re-scheduling aid to change the 

due date of a job after it had been input to the Huizen.system. 

The old scheduling rule (back scheduling 1 week per operation of 

30 hours or less and thereafter 1 week per 30 hours allowing 4 weeks 

contingency) was changed to back-scheduling of 1 month per cell visited, 

assuming that all operations within a cell could be completed within 

the month. The four weeks contingency allowance was preserved and 

the existing practice of down batching to keep operation times below 

30 hours was encouraged. Inter-operation queue times of 1 day were 

allowed instead of 1 week. 

6.4.3 Modifications to Tool Marshalling - The "Tool Ready Card" The 
  

existing practice of ordering materials and tools was preserved (see 

Appendix 1) but the control of tool requirements was tightened. Use 
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was made of an existing facility indicating the availability of 

materials by return of a “material ready card" (see Appendix 1). 

This facility was extended to indicate "tools" ready. Cards similar 

to the material ready card were to be produced by the computer for 

each special tool required. The cards were returned to the tool 

storeman (who controlled all special tools) when he had received the 

appropriate tool from either the tool room (new) or the long term 

(existing) store, Where a tool was already in the store or (rarely) 

needed on more than one job in a given month, a simple labelling 

system was used to reserve the tool and prevent its return to the 

long term store, The tool ready card acted in the same way as the 

material ready card, i.e. preventing generation of the work packet 

and controlling the appearance of the item on shortage lists. 

6.4.4 The Work Issue List Appendix 1 describes the "Work Issue List", 

the document used to guide all Manufacturing Division's short term 

loading and routine progress actions (see figure 45). The Work 

Issue List suffered from 4 disadvantages from the point of view of 

Group Technology: 

* it was not suited to the cellular organisation because 

it was designed to cover progress of materials and work 

for the whole Division and was orientated round the old 

machine group concept. 

* the structure of the document was not supportive to parts 

family manufacture because no information was given to 

aid division of components into families 
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* Production of the list each week matched the 1 weeks 

queue between the operations under the old scheduling 

rule but could not cope with the 1 day queues demanded 

in the new situation. 

* No information was given to aid marshalling of tools 

Accordingly, the information on the Work Issue List was restructured 

ona cellular basis and printed on separate documents produced to 

guide the functions of: 

* material and tool marshalling/chasing 

* short term loading/job sequencing 

* shop floor progressing. 

6.4.5 Material and Tool Marshalling/Chasing - Shortage Lists Figure 46 

shows the shortage list designed for marshalling and chasing materials 

and tools for each cell. Items would appear on the list if their 

appropriate "ready" cards had not been returned within 4 weeks before 

they were shown to be needed. The "remarks card" facility was included 

to cater for known reasons for the shortage occurring outside the 

control and responsibility of Manufacturing Division. 

6.4.6 Short Term Loading - The Work Availability Listing Figure 47 
  

shows the document devised to aid the short term loading and sequencing 

processes. The Work Availability List was designed to give each cell 

a picture of the forward load of jobs for which materials, tools and "work 

packets" were available, Where items were being worked on before 

becoming available to the cell, the previous cell's number was provided 
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to guide progressing effort if necessary. For similar reasons, 

if the job was due to go to another cell, subsequent to being 

completed by the cell concerned, the subsequent cell's number was also 

shown, 

To aid parts family manufacture, the Opitz code was printed, 

Although, at the time of writing, the concept was insufficiently 

developed for any decision to be made on the appropriate sort sequence 

of the code, an option for sorting on up to 3 digits of the code 

was included, 

The Work Availability List allowed the shop loaders to use the work 

packets similarly to the way they had used them before Group Technology, 

whilst aiding the process of sequencing. 

[The combination of material and tool shortage lists and work avail- 

ability lists for each cell produced a much more manageable set of 

information more appropriately organised to guide the necessary 

marshalling, loading and chasing actions and was more supportive to 

the concepts of parts family manufacture and cells as semi-autonomous 

businesses. Further assistance was, however, necessary to aid job 

sequencing in the cells. 

6.4.7 An Aid to Job Sequencing The “Ouija Board" as this aid was 

dubbed by the Shop Loaders, was designed to help overcome the 

difficulties of job sequencing to avoid machine interference and 

Promote parts family manufacture. It was based on the well known 

Gannt Chart (44) - see Figure 48. 
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Steel sheets 8 ft. x 4 ft. were painted white and ruled horizontally 

and vertically to forma grid. Each cell was provided with two of 

these sheets on which to plan 14 days work. Each machine in the 

cell was listed at the left of the sheet so that the vertical rulings 

could represent elapsed time in 3 hour steps. Coloured magnetic 

strip was cut into lengths representing various times from 2 to 4 

hours and stored in divided trays for easy access. 

Work packets were selected into families using. the work availability 

list and a judgement of the likely family relationships. Initial 

experiments isolated change of material as the major cause of delay 

in re-setting a machine so the colour of the magnetic strips was 

made to designate material type as follows: 

Green - aluminium 

Yellow - brass 

Red - stainless steel 

Brown - fibre or plastic 

Black - mild steel 

White - other 

Machines were then allocated to jobs by placing appropriate lengths 

of magnetic strip against the machine to be used to represent the time 

for which it was to be allocated to the particular job concerned. 

The job number was written on the strip for identification purposes. 

The strips were placed on the boards and moved until the best looking 

sequence had been obtained for the 14 day's work. This program was 
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agreed between the production controller and the cell supervisor 

and up-dated each week to allow for slippage, absenteeism, breakdowns, 

etc. and to incorporate the next 5 days work. Once agreed, the 

sequence was not to be disrupted without the agreement of the 

Divisional Manager. 

The sequencing aid proved very successful in highlighting the 

conflicting problems of a short term production plan with minimum 

inter-operation queueing. A particular problem proved to be the 

lack of flexibility of operators who were at this stage unwilling to 

operate more than one type of machine. A key objective of the 

sequencing was therefore to maintain a load on the subsidiary machine 

operators whilst preserving the full loading of the lead ‘machines 

and obtaining at least some of the benefits of parts family manufac- 

ture. Whilst this objective asked much of the production controller 

involved, with some assistance on technical decisions from the 

planning engineers and supervisors, a workable sequence soon proved 

relatively easy to establish after a few triesand a number of minor 

adjustments. Although the sequences produced in the working situation 

were probably not the optimum, considerable improvements were noted 

(see Chapter 7). The major problem proved to be more one of discipline 

in the operators failing to follow the agreed sequence. Other problems 

noted included persistently slow operators whose job over-ran the next 

operation's planned start time - particularly important as delays 

accumulated during the week - and absenteeism. The slow operators 
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could be catered for by feeding them one operation jobs as far as 

was seen to be fair by the other operators. Problems of absenteeism 

proved more intractable, but centred on a few operators that were 

persistently absent. This problem was partially solved by re- 

deploying operators from one operation jobs to multi-operation jobs 

if absenteeism would have affected the subsidiary machine operator's 

load. Both problems were alleviated by the operators' willingness 

to become flexible in overtime, so the sequence could be maintained. 

It is important to note that the cells were loaded to 40 hours per 

man per week (less planned absence ~ holidays, union meetings, etc.) 

even though work was accepted to the level of only 30 hours per man 

per week. Whilst some slippage from the target was persistent, a 

steady improvement in productivity was noted during an experimental 

period, at least part of which may have been due to the new methods 

of production control, 

6.4.8 Effects of Short Queues and Sequencing on Progressing and 
Customer Liaison Pro- 
  

gressing action can be of two kinds - pull through and push through. 

Most production control systems contain elements of both. 

Pull through progressing is the usual norm in machine shop situations 

where jobs that are undergoing manufacture, but are late, are actioned 

because of a customer's complaint or the appearance of the item on 

a shortage list. 
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Push through progressing occurs where an item is forced through ‘the 

manufacturing process by design rather than by default and is incor- 

porated in most production control systems by basing the progressing 

action on due date priorities determined before the manufacturing 

process starts. 

Group Technology changes the emphasis on the type of progressing 

employed because of the short lead times possible in the cellular 

situation and the necessity of avoiding disruption of a carefully 

designed job sequence. More emphasis is placed on better long/ 

medium term planning to get overall priorities into a good order 

and to marshall materials and tools so that the jobs, once loaded 

to the shop floor will be naturally pushed through the system ina 

short time without disrupting the job sequence once prepared. To 

sum up, Group Technology requires more push and less pull through 

progressing. 

To achieve this objective, two types of action are necessary: 

* good customer liaison needs to be maintained to 

ensure the quality of the schedule 

* the shop floor systems must support a push through rather 

than a pull through approach, in particular, avoiding dis- 

rupting a job sequence once started, 

6.4.9 The "Micropert" The prime document used to liaise on job progress 

with customers, was the "Micropert" - see Figure 49, Because Customer 

Divisions were primarily interested in kits of components from which 

to assemble complete products, the micropert was based on the kitting 
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concept, by listing all jobs for one product together. Against each 

job the planned operations were listed in order of action by showing 

their machine group numbers next to a picture showing the action plan 

as a function of time. As operations were completed, the machine 

group number was deleted from the list so only actions yet to be 

performed were shown. On the basis of this picture, production 

controllers and customers could negotiate revised priorities when 

jobs were late or required more urgently than had been planned in the 

context of other jobs required for the same product. 

Production control staff were very attached to the micropert, even 

though it was not particularly suited to the Group Technology situation 

(for the usual reasons - machine groups and short thru-put times). 

They saw it as their main support in customer liaison. Because of 

their attitude, it was decided to alter the document minimally as 

follows: 

* a tool ready indicator was included in addition to the 

material ready indicator to show more clearly whether 

the job could start 

* the cells planned to be visited by the jobs were listed 

in addition to the machine groups, using the decision 

process described in 6.4.1. 

These indicators would strengthen the ordering of priorities and the 

marshalling of materials and tools to improve the potential for push 

through methods on the shop floor already strengthened by the improved 

capacity loading, scheduling, marshalling and progress information 

described above. 

= 101=



6.4.10 Performance Measures Whilst the new load charts and better 

information available to control tools and materials by cell would 

help create a good push through situation, it was felt that a 

greater consciousness of the ongoing objectives of Group Technology 

was necessary to ensure that due attention was paid to these on the 

shop floor. Consequently, two new performance measures were designed 

to display the thru-put times and due date delivery performance 

achieved to each cell and to the production control staff. 

It was hoped that display of these performance measures would create 

a better task identity in the cells so as to improve Manufacturing 

Division's ability to push through jobs with minimal progressing 

effort or disruption to the job sequences and to improve the level 

of productivity. 

6.4.10.1 Thru-put Times. Figure 50 is an example of the thru-put 

("lead") time measurement provided by the computer for each cell. 

The flow diagram of the supporting program is shown in Figure 51. 

For each completed set of operations in the cell (determined by the 

decision rule discussed in 6.4.1) the elapsed time in weeks from the 

start of the first operation to completion of the delimiting inspection 

operation was computed. This information was used to update a 

frequency table held in core. The frequency table was a matrix Oj 

where the rows represented the achieved thru-put time and the 

columns represented the week in which the inspection operations were 

completed, Thus, if job k had a thru-put time of i weeks and was 

delivered in week Jj, the element «(j of the frequency table was increased 

by 1, The frequency table was compiled as described for all jobs 

completing a delimiting inspection in each of 32 weeks before the 
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compilation date of the report. To compare performance over a long 

period of time, the report could be produced for any desired compila- 

tion date. The data source was the archive file (described in 

Chapter 5) which had been incorporated as an Ongoing part of the 

system. 

6.4.10.2 Due Dates. The production of the due date delivery 

performance measure followed a similar pattern, The difference between 

the planned and actual completion dates of each job was used to update 

a frequency table as described above. This difference defined the 

number of weeks early or late of the Job at that point and enabled 

the printout shown in Figure 52 to be produced. Printouts were 

produced for each cell and for the whole of Manufacturing Division. 

In both cases (thru-put time and due date) initial experiments 

displaying median, extreme and upper/lower decile indicators (between 

which 80% of the results would lie) were abandoned in favour of simply 

printing the frequency table together with an indicator (*) to show 

the median result for each week. 

6.4.10.3 Productivity. The standard measure of productivity provided 

by the Huizen system was the 'M hour report’ shown in Figure 53. 

The 'M' hour was a standard measure of productivity used throughout 

the Philips group and was defined as: 

All operations All operations 

60 x2, Estimated Load Tine /! Be Measured Load Times 
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6.4.10.3 Cont'd. 

The report was provided each week and was compiled from data on 

operationsclocked as completed within the previous week. Various 

allowances were used to modify the achieved 'M' hour according to 

the amount of time spent on work for which no estimate was available 

and standard "routines" - holidays, sickness, repair, scrap, etc. 

The allowances allowed the time clocked on jobs by the operators 

to be reconciled with the attendance time of the operator and were 

standardised throughout the Philips Group as a "fair" measure of 

productivity. 

From the Group Technology point of view, the item of primary importance 

was to organise the results to reflect the new cellular structure. 

The rates routine file solution described in 6.4.1 enabled a bridge 

to be built between the Huizen System and another system used to compute 

'M' hour results in the Assembly Divisions. The report shown in 

figure 53 was therefore deleted and replaced with the report shown 

in Figure 54 provided by the alternative system. It remains to be 

seen whether this report will have a direct influence on the produc- 

tivity of Manufacturing Division. The original Huizen system report 

suffered from inaccuracies in the clocking system and errors in the 

program used to compute productivity. Previous attempts to find the 

"bug" in the program had proved abortive and Manufacturing Division 

had used the report little. No information was (or is) provided on 

the performance of individual operators because the Trade Unions had 

negotiated an agreement to this effect. Without such a feedback link, 

to base the report on reality and display results to guide operators’ 

individual improvement efforts, training, supervision or disciplinary 

action, the effectiveness of such performance measures must be reduced. 
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Partial rectification of this problem may be achieved by display 

of all the performance measures in the cells, so at least the 

operators can see the overall results achieved by their cell. 

6.5. Conclusions on the Modified System At the time of writing, 

many of the modifications to the Huizen System were in the early stages 

of implementation. The intention of this chapter has therefore been 

to illustrate the philosophy and methods used in the modifications 

rather than to measure the particular efficacy of the new system. 

Figures 62 and 63 show flow diagrams of the original and modified 

system. The re-structured information should provide a better support 

for the cellular organisation and reinforce the benefits to be obtained 

from Group Technology. Particular benefits that have been noted were 

achieved through the use of: 

* the lead time and due date Performance measures which 

were the first to be implemented and attracted a good 

deal of interest. They Provided valuable evidence in 

the economic experiment described in Chapter 7, 

* the sequencing aid which has proved to be a valuable 

tool to learn about and solve some of the problems of 

Job sequencing. Its chief defect has been the effort 

needed to compile alternative sequences. Chapter 8 

contains some ideas for alleviating this problem. 

* the “tool ready" cards and the tightening of the material 

and tool marshalling procedures which are diminishing (at 

Teast on a subjective basis) the disruption to job sequences, 
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Whilst these improvements show promise for the new system, it provides 

no direct means of solving some important ongoing problems of the 

original system. In particular: 

* no scope existed for improving the links between the 

Huizen System and the customer divisions so that changes 

in the forecast output of finished products and stocks/ 

work-in-progress in the assembly divisions could be 

properly taken into account. Until these improvements 

can be incorporated, it seems unlikely that moves from 

strictly jobbing to batch production control with the 

associated economic benefits will take place 

* the system remains unwieldy in the areas of initial 

Planning/methodisation/estimating/scheduling, largely 

because scope for improvement in these areas was limited 

by the degree of change permissible in the support 

Organisations, although management felt the objective here 

had been met 

* the problems of inaccurate "clocking" and lack of confidence 

in the estimating process have been, at least, partially, 

alleviated although no complete solution is yet available. 

A solution is’ important because the ultimate measured 

productivity of Manufacturing Division depends on it and 

the shorter job queues make the sequences more sensitive 

to the differences between estimatedand actual load times. 
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* the problems of "sideways loading" still exist. These 

are at least partially dependent on the speed of the 

methodisation/estimating process taking place before 

manufacture controlled by the Huizen system can start. 

Chapter 8 has some suggestions for reducing these problems which are 

discussed in greater depth in Chapter 9. However, although it is 

also too early to say how effective the cellular organisation and 

further application of Group Technology principles will be, in 

solving some of the remaining problems, there would seem to be scope 

for: 

* reduction in the "sideways loading problems" by 

restructuring the support organisations and dele- 

gating part of the production control problem to the 

cells. A better support organisation structure would 

also reduce the unwieldy nature of the system and 

improve the links between Manufacturing Division and 

its customers. 

reduction of the estimating and clocking problems via 

more effective groupprocesses in the cells. Better 

task identify and a good commitment towards achieving 

set targets in the cells could go a long way towards 

solving these problems. 

The philosophy and methods used in the re-design illustrate the 

problems that may be encountered by the in-house systems designer 

when faced with the task of matching an existing system to a new 

organisation based on Group Technology. If substantial installation 
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costs and considerable changes in the methods and tasks of the 

support organisations are to be avoided, then it seems better to 

make a serious attempt to modify the existing production control 

system rather than to re-design from scratch or to replace the 

existing system with a new one. 

Other difficulties encountered illustrate the problem of installing 

Group Technology in one part of a large and complex company where the 

system has existing links with other parts of the organisation. The 

existing links may prove difficult to change and new links may be 

difficult to forge if the project is constrained to operate in one 

area of the company, 
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CHAPTER 7 

COST EFFECTIVENESS OF A TRIAL IMPLEMENTATION 

Tel Implementation and Management Changes 

Figure 18 is an outline of the plan for the implementation of a new 

organisation based on the analysis described in Chapter 5. ‘The 

trial cell was to be laid out, staffed and then used to develop the 
new ways of working. It was hoped that the majori ty of the associ- 

ated problems would be solved before extending the concept across 

the rest of Manufacturing Division. The success of a full implementa- 

tion in Manufacturing Division would Provide a good basis for expansion 

into other areas of M.E.L. and Perhaps some other parts of the Philips 

Group. 

The early stages of the implementation confirmed the seriousness of 

the sociological problems outlined in Chapter 5 of which the one with 

the most serious short term effects was the refusal of the operators 

to become flexible without some form of Payment. ‘Whilst wishing 

to compensate the operators fairly for a contribution to an improve- 

ment, the company was unwilling to proceed with this without better 

information on the extent of the financial benefits of the new system. 

During this period, the Senior Production Manager left the company 

and was replaced by a Director in charge of the entire technical sector 

who had a particular interest in improving the cost effectiveness of 

the company. This Management change meant that the Group Technology 

project lost its prime motivator and sponsor and a clear need was felt 
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Fel Implementation and Management Changes Cont'd. 

to demonstrate the effects of the’ new ways of working to the new 

Director. These two problems directed the efforts of the project 

team towards establishing the cost effectiveness (or otherwise) of 

the new ways of working. The computer played a significant part 

in this exercise which is described below. 

7:2 Measurements Planned 

Four factors related to the cost of production were selected for 

measurement, viz.: 

* overall 'M' hour achieved by the cell each week. 

The 'M' hour was a standard measure of productivity 

used throughout the Philips group and was defined as 

Standard hours produced x 60 

Actual time taken (hours) 

The standard hours produced represented the sum of the 

estimated load times of jobs delivered by the cell each 

week. The actual time taken was the time recorded by 

the operators as having been worked on these jobs via 

the Huizen System. Because of some defects noted in the 

existing Huizen System 'M' hour reporting routine and 

because the report appropriate to the turning cell was not 

available at the time of the experiment, the actual hours 

were retrieved by hand from the job cards before sending 

them to the computer. For reasons of clarity, jobs with 

artificial allowances to cover rework or estimated times 

that were known to be in doubt were excluded. 
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* the setting time estimated to be required on jobs 

representing a month's work was compared, assuming 

a) simple due date priority (the pre Group Technology 

rules) and 

b) a work sequence designed to exploit the concept 

of parts family manufacture. é 

Whilst no special tooling had been designed (e.g. a 1a Drurie 

(3)) it was hoped that some effects would be seen. The 

"Ouija" Board was used to derive the sequence (see 

Section 6.4.7). 

the thru-put times measured from the start of the first 

operation to the completion of the mechanical inspection, 

denoting the end of the cells responsibility, were compared 

on jobs delivered by the cell during two 3 month measurement 

periods; one pre-Group Technology and one post Group 

Technology. In both cases, the thru-put time data was 

obtained from the modified Huizen System using the report 

described in section 6.4.10.1. For the pre-Group Technology 

case, data was selected from jobs that would have gone to 

the Turning Cell had it been in existence, using the same 

selection rules as in the post-Group Technology case. 

the ability of Manufacturing Division to deliver jobs in 

accordance with the due date agreed with the Customer 

Divisions was compared using the Due Date Delivery perfor- 

mance report incorporated in the modified Huizen System 

(see section 6.10.4.2). | The same comparison periods and 

job selection rules were used as in the thru-put time 

measurements. 
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In addition to the measurements described above, three intangible 

factors were considered, viz.: 

* improvements in Industrial Relations 

* simplification of the Control Problem 

* increases in business flexibility. 

Toe Results of The Measurements 

7.3.1 'M' Hours Results Figure 55 shows the Turning Cell's 'M' 

hour measured between 26th May 1975 and 15th August 1975. Prior 

to this period, the results showed no significant trend. Expected 

values for the productivity increase were derived using a standard 

least squares linear regression analysis as provided on the company's 

time sharing computer service. Defining the productivity change as: 

Productivity at the end ‘of the - Productivity at the beginning 
Period of the Period x 100 
  

Productivity at the Beginning of the Period 

gave a probable productivity change of + 14%. 

7.3.2 Setting Time Jobs producing a total turning load of 357 

hours of which 91 hours would have been required for setting prior to 

Group Technology were sequenced to minimise setting time as described 

above. The sequencing exercise enabled the setting time to be 

reduced by an estimated 25%. The reduction was 36% on automatic 

lathes and 10% on centre lathes. 

7.3.3 Thru-put Time Figure 56 shows histograms of the 

thru-put ("lead") times achieved for Turning Cell jobs delivered before 

and after Group Technology methods were adopted. For comparison, 

the histograms are shown back to back. The mean lead time is shown 

to have reduced by 46% and the median by 64%. Before Group Technology 
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7.3.3. Thru-put Time Cont'd. 

was adopted, 35% of jobs took longer than 4 weeks to pass through 

the "cell". After Group Technology, this figure reduced to 11%. 

7.3.4 Due Date Figure 57 shows similar histograms displaying the 

due date delivery performance achieved on turned items before and 

after Group Technology methods were adopted. Before Group Tech- 

nology, turned items were delivered 3.7 weeks late (mean result). 

After Group Technology methods had been adopted, this result improved 

to 2.9 weks early. The number of over due orders reduced from 51% 

to 29%. A slight improvement in the accuracy of delivery was noted, 

Jobs being delivered within + 1 month of the due date increasing from 

57% to 60%. 

7.4 Discussion of Assumptions 

As with any industrial experiment, it is difficult to show that a 

measured effect is due to a specific cause. It can be tacitly 

assumed that the measured results are due to the effects of Group 

Technology rather than anything else. This assumption may be 

dangerous and some specific factors that could have influenced the 

results are discussed below. 

7.4.1 Hawthorne Effect It is well known (45) that 

conducting an industrial experiment can produce changes in performance 

simply by virtue of the extra interest shown in the group concerned. 

The usual technique adopted to isolate this effect from the measurements 

is to compare the results obtained by the group using the new methods 

with a control group using the old ones. Such a technique was 

considered difficult to apply in this case because: 
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7.4.1 Hawthorne Effect Cont'd, 

* there was no directly comparable group of operators to 

those comprising the Turning Cell. Effects of load on 

Milling and Drilling, N.C. and Sheetmetal workers which 

had not adopted Group Technology methods at the time of 

the experiment, would not have been comparable with the 

effects on the Turning Cell. 

* Production Control acted as one activity for the whole of 

Manufacturing Division. There were, therefore, no 

comparable control groups. 

* management vetoed the extra effort that would have been 

entailed in the measurement of two groups rather than one. 

Ellimination of the Hawthorne effect having been rejected as impractical, 

it had to be hoped that taking measurements via the computer system 

reduced the amount of special inter-actions caused by the experiment 

to a minimum, It was, however, not possible to conduct the experiment 

without the staff involved being made aware of it, so an element of 

the Hawthorne effect must inevitably have perturbed the results to 

a certain extent; the amount or direction of the perturbation being 

essentially unmeasurable. 

7.4.2 Validity of Data Whilst the data surrounding the results was 

collected carefully, many questions surround its validity which have 

not yet been possible to answer. Much of the information depended 

on accurate clocking of the data cards returned to the computer by 

the operators. A detailed enforcement of clocking accuracy would 
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7.4.2 Validity of Data Cont'd. 

have been difficult to implement and might have increased the Hawthorne 

effect, but such checks that were made showed some errors in clocking, 

missing cards and extra cards reporting unplanned and unestimated work 

although no deliberate mis-clocking as described in Chapter 6 was 

detected. The extra cards were ignored for the purpose of the 'M' 

hour calculation and there was no obvious reason for the lead time and 

due date comparison to have been altered by these effects. TELS 5, 

therefore, thought that the effects of non valid data are small. 

7.4.3 New Machines The Huizen clocking system assumed that each 

operator could only work one machine at a time. The advent of the 

Accuratools (see Chapter 5) meant that this was no longer true and one 

or two of the eight operators in the Turning Cell could (in theory at 

least) be operating two machines at once and thereby earning double 

credits towards the overall productivity of the cell. This effect 

may have accounted for some of the measured increase in productivity 

but it should be remembered that the Accuratools had been introduced 

six months before the start of the experiment and any false increase 

in the cells productivity would have been expected to show itself 

earlier. A possible explanation is that an increase in productivity 

due to the new machines was eliminated by "Parkinson's law" until the 

progressive tightening of the 'M' hour measurements which led. up to 

the experimental period prevented these losses occurring. 

It should be noted that all jobs going to the Accuratools were re- 

planned to eliminate the possibility of a time estimated for a manually 

controlled lathe being compared with a time achieved on an Accuratool. 
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7.4.4. Effects of Load The most potentially serious perturbation 
of the thru-put time and due date results, could have been produced 
by a change in the load of turned items between the two meas urement 
periods, A lighter load could Produce at least part of the measured 
improvements in lead time and due date performance. 

The overall load of turned items in the two measurement periods 
proved impossible to compare because of the unknown effects of sideways 
loading. Whilst a certain lightening of load could have occurred 
during the second (post Group Technology) period, the effect is not 
thought to be too significant, particularly since a real drop in 
load might be expected to produce a drop in Productivity (the reverse 
was measured), 

7.4.5 Variability of Productivity The variability of the Productivity 
measurements was large.- Confirmation of the results by taking 
measurements over a longer period would have been more satisfactory, 
to increase the statistical significance of the results and assure the 
permanence of the improvement. A longer measurement period might 
also have reduced any appreciable Hawthorne effect. 

7.4.6 Overall Impression of the Measurements Whilst each measured 
item can be questioned in isolation, the overall] picture appears to 
be one of substantial improvement due in the main to Group Technology. 
It is clear that the computer played a significant part in the 
measurement process in the following ways: 
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* the measurements would not have been possible without 

the data provided as routine to the Huizen System. 

In particular, the historical comparison between Group 

Technology and non Group Technology results would have . 

been much more difficult and would have had to have been 

set up well prior to the Group Technology experiment - 

when management had foreseen no requirement for compari- 

son 

a fair amount of data processing is required to achieve 

the lead time and due date measurements and to perform 

a linear regression calculation. The extra effort 

required to perform this process manually would have 

been considerable and for this reason possibly not 

attempted 

the existence of the computer as a measurement process 

familiar to the operators probably reduced what could 

have been a very considerable Hawthorne effect. 

fon: Worth of the Improvements 

Normal commercial confidentiality prevents publication of the value 

of the measured improvements. However, there are a number of points 

worth making on the particular value of these improvements bearing 

in mind Manufacturing Division's position as a partial supplier of 

M.E.L's metalwork requirements. 
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7.5.1 Overall Productivity Improvements The 'M' hour and setting 

time measurements were conducted separately and can thus be combined 

to assess an overall contribution i productivity. ~The savings 

in setting time represented a 7.3% increase in productivity, bringing 

the overall productivity improvement to a potential 223%. 

Because Manufacturing Division had only sufficient capacity to 

produce 1/3 to 2/3 of M.E.L's total metalwork requirements, a two-fold 

gain is achieved by an increase in productivity: 

* the existing load costs less to produce 

* parts that would otherwise have to be sub-contracted 

can be made "in-house" with consequential improvements 

in control and more effective use of existing overheads. 

7.5.2 Lead Time and Due Date Improvements Evaluation of savings 

from a reduction in lead time and an improvement in deliveries against 

due date, is more difficult. The tangible savings come from a reduc- 

tion of work in progress that would not be possible to measure 

without a regular physical count and valuation (a costly and difficult 

process to implement). Two types of work in progress should be 

considered: 

* "primary" work in progress - partially completed 

components on Manufacturing Division's shop floor 

"secondary" work in progress generated by a lack of 

confidence in Manufacturing Division's customers, 

causing them to order too much too early 

"tertiary" work in progress caused by Manufacturing 

Division's failure to deliver planned parts on time 

or to cope sufficiently with emergency manufacture 
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7.5.2 Lead Time and Due Date Improvements Cont'd. 

of unexpectedly scrapped parts. The lack of the 

required items would cause work in progress of other 

items to build up in the customer divisions until 

Manufacturing Division could deliver the parts 

required to complete the assembly. 

The primary work in progress can be valued from a knowledge of the 

average lead time, rate of material consumption and rate of added 

value. Assuming a linear model, the work in progress will be pro- 

portional to the lead time and will thus reduce accordingly. The 

values for Manufacturing Division indicated that, although worthwhile, 

the primary work in progress savings were probably insignificant 

compared with the productivity savings. 

The secondary work in progress is more difficult to assess. The 

probability that customer divisions will order items to be delivered 

too early will depend on a number of factors (such as the degree to 

which the metalwork is on the critical path of the product manu- 

facturing plan, the particular confidence level of the customer and 

Manufacturing Division's reputation). The value of secondary work in 

Progress is higher per item since it comprises completed components, 

so the only control factor is the time that items remain in stores 

before consumption. In Manufacturing Division's position, a clear 

demonstration of a good delivery reputation, plus some education and 

direction of the customer division's Job controllers who do the early 

ordering, would seem to be the answer to reducing secondary work in 

progress. It was not possible to assess any improvements achieved 
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jn the level of secondary work in progress (in fact the thru-put 

times and due date improvements may well have produced a temporary 

increase in finished part stocks). 

Tertiary work in progress can be much more serious. Metalwork 

comprised well under 20% of the value of most of M.E.L's finished 

products and the "knock-on" effect of late delivery from Manufacturing 

Division could cause a very rapid build up of tertiary work in progress 

followed by a large drop in productivity caused by operators having 

to wait for the undelivered items and then re-learn their assembly 

processes. Whilst it was not possible to assess the savings 

produced in these factors by the implementation of Group Technology, 

it was noted that whereas Manufacturing Division had been identified 

as the major "béte noire" in M.E.L. at the start of the project, no 

complaints were received on turned items after the implementation of 

Group Technology. 

7.5.3 Comparison with Other Companies Comparison of achievements 

in one company with published results of achievements in other companies 

are always dangerous because: 

* bad results are rarely published (or admitted!). 

Surveys of achievement may produce a falsely high 

average 

* improvements are relative and it is rarely possible 

to compare before and after situations between companies. 

However, to give some perspective, the measured results of the turning 
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cell experiment are compared with the results of a recently published 

survey (4) of over 40 firms who claim to have introduced Group 

Technology. The survey reports Group Technology implementations 

ranging in size from single cells producing a very limited number 

of products to complete rejection of conventional manufacturing 

methods in favour of Group Technology principles as demonstrated by 

Ferranti, Edinburgh (40). The comparison is shown in Figure 58. 

The reduction in work in progress includes only an estimate of the 

reduction in primary work in progress in the turning cell. The 

reduction in overall stocks was not possible to estimate for the 

reasons given in Section 7.5.2. The other figures are those given 

in Section 7.3. 

Neglecting the arguments surrounding the validity of inter-company 

comparisons, it would appear that M.E.L. has a long way to go in 

achieving the maximum benefits from Group Technology. The figures 

given are only those for the turning cell and represent an extremely 

small improvement in total company performance. Even so, according 

to none of the measures does the turning cell reach the average 

improvement claimed by other companies participating in the survey. 

Assuming the validity of the comparison, the below average results 

may have been produced because: 

* the turning cell was chosen for the trial implementation 

more to explore and develop Group Technology methods 

rather than to maximise the related cost benefits, 

Greater benefits might have been found by a trial 

implementation in other metal working areas 
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* many of the problems highlighted by the trial 

implementation had not been solved at the time of 

the experiment. These problems are discussed below. 

1,6: Problems Reducing the Effectiveness of Group Technology 

The operation of the trial cell highlighted a number of problems 

of which many were still unsolved at the time of the experiment. 

These problems probably reduced the benefits obtained from the new 

system and may be classified under three headings - sociological, 

technological and control. 

7.6.1 Sociological Problems The supervisory and operator problems 

mentioned in Section 5.3.6 made a teanwork approach to the imple- 

mentation difficult. New disciplines were more difficult to establish 

and negative reactions were produced in production control staff who 

were originally in favour of the new system. Attitude problems had 

persisted in Manufacturing Division for marly years and a number of 

managers had failed to find adequate solutions. Indeed, a previous 

manager had deliberately operated a divide and rule policy which may 

have deepened the gap between management, supervisors, operators and 

Support staff. An additional problem may have been the lack of 

a sufficiently clear policy on the role of Manufacturing Division which 

was required to act partially as a high speed technological problem 

solver to cope with last minute design changes or rectifier of quality 

problems on sub-contracted metalwork and partially as a low cost pro- 

ducer of items. These roles were essentially incompatible, given the 

existing organisation and supporting systems, The role conflict 

inevitably produced supervisory and operator problems because the staff 
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7.6.1 Sociological Problems Cont'd. See Se See OEMS) 

involved had to act for part of the time ina semi-skilled environ- 

ment to detailed laid down methods and for the rest of the time ina 

skilled environment with little or no technological support. 

It is probably unreasonable to assume that Operation of a trial cell 

would provide a swift solution to deep rooted attitude problems that 

had persisted for a number of years, even though Group Technology 

should provide a means for their solution in the longer term by 

promoting teamwork approaches to problems, inproving the job satis- 

faction of the operators and shortening the shop floor queueing 

times, sufficiently to allow Proper technological and control support 

for both roles, 

The fact remains that these sociological problems were not solved 

by the time the experiment took place and they probably account at 

least partially for the lower than average benefits measured. 

7.6.2 Technological Problems The concept of parts family manufacture 

is an important part of Group Technology. By the time of the experi - 

ment no progress had been made either on the design and use of 

composite component techniques or on the standardisation of components 

in either the design of current or future Products. This lack of 

progress probably limited the extent to which savings in setting time 

could be achieved. It was noted that Ferranti (40) use Drurie's 

techniques (3) extensively in their turning cell and claim a 95% 

reduction in setting time. It is also possible that greater than 

average reductions in setting time could be achieved in Milling and N.C. 
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working areas of Manufacturing Division, which would increase the 

total result after extensive implementation of Group Technology. 

7.6.3 Control Problems The production control system had not 

been fully modified by the time the experiment took place. Whilst 

the lead time and due date performance measures and the "Ouija" board 

were available, no link existed to allow the long and medium term 

production plans to exploit the new concepts. Production control 

staff were having to operate two systems, one to support the functional 

layout and one to support the Turning Cell which inevitably diluted 

their efforts. Many of the disciplines - e.g. not starting a job 

until material and tools were available, observing the agreed job 

sequence, etc., were not fully established, which must have limited 

the potential reduction of lead times and improvement of due date 

delivery performance. Whilst the "Ouija" board gave some help in 

constructing a good sequence, a better aid might have allowed greater 

benefit to be obtained. 

A further limitation on the reduction of lead times and work in progress 

was produced by the conflicting systems in that the production control 

staff tried to deliver kits of components, for assembly either in 

Manufacturing Division or the customer divisions. This task could 

have been more difficult given the two systemsand may have reduced 

the potential benefits. In any case, these benefits would be expected 

to be smaller for turned items which had a shorter than average lead 

time. 
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el Conclusions of the Experiment 

It is difficult to establish an industrial experiment which will 

truly demonstrate that observed effects are due to a specific 

cause. The design is particularly difficult when the measured 

area is a small part of a closely related whole, since management 

may be unwilling to embark upon an adequate experiment because of its 

cost and complexity. 

The computer proved to be a valuable tool in the experiment, not 

only by virtue of its data processing power, but also in minimising 

what otherwise might have been a larger Hawthorne effect. 

The experiment succeeded not only in demonstrating the benefits 

of Group Technology to the new management, but also in focusing the 

attention of many people involved with some of the problems of 

Manufacturing Division. The work was seen to be sufficiently 

valuable to warrant continuation of the implementation and an increase 

in the involvement of other areas of M.E.L. to further increase the 

benefits and to minimise the boundary problems introduced into areas 

such as T.£.0., Accounting, Personnel and the customer divisions by 

the adoption of Group Technology methods on a wider scale. 

- 125 =



CHAPTER 8 

IDEAS FOR THE FUTURE 

8.1 Introduction 

There appears to be considerable scope for extension of the work 

described in this thesis both in the practical application of Group 

Technology principles in other areas of M.E.L. and in the develop- 

ment of the ideas stemming from the work reported here. 

8.2 Extension at M.E.L. 

8.2.1 More Cells M.E.L's real requirement is for kits of finished 

parts rather than individual components. The real benefits of reduced 

thru-put times will not be felt until all the metalwork can be 

obtained in less time so that the total lead time of the end product 

can be reduced. Clearly, there is a need to create further cells in 

Manufacturing Division to cater for: 

* Milling and Drilling 

* SNC. 

* Sheetmetal 

* Process 

Whilst the Milling and Drilling "Cell" was almost created by exclusion 

when the Turning Cell was created, more attention will be needed to 

ensure that it can be operated as a self sufficient unit. Similar 

problems to those encountered with the turning cell will have to be 

dealt with in the provision of necessary subsidiary machines. ae 

these and the existing sociological and control problems can be 

solved, then there may be considerable scope for productivity improve- 

ments and setting time reduction. There are already indications that 

the attention to the design of jigs and fixtures and to job sequencing 
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8.2.1 More Cells Cont'd. 

could all make significant inroads into the current setting times 

which are longer than those in the Turning Cell. 

Progress in the N.C. area, although outside the aegis of the existing 

project team, would also seem to be possible since there is evidence 

of long lead times and scope for improvement in the reliability of 

delivery and levels of work in progress. As yet no development of 

the techniques reported to be successful by Allen (10) has been 

attempted and there may be scope for a considerable cost reduction 

of items currently cast and N.C. machined by the use of such methods. 

It is indicated that there is also scope for improvements in the 

Sheetmetal Section along the lines explored for the Turning Cell. 

Two proposals for designing cells in this area are being considered, 

one involving production flow analysis and the other component classifi- 

cation. Which method is used will depend on the suitability of 

sheetmetal classification systems currently being studied. 

The design of the process "cells" has yet to be seriously considered. 

There is an obvious division of processing (cleaning, plating, etc.) 

from painting (masking, spraying, drying) and there appears to be no 

alternative division of this area or any practical possibility of 

integrating process/painting activities with the metalworking cells. 

because of contamination and safety considerations. Certainly, no 

classification ystem is known that would suit this area, so any further 

sub-division would have to be based on production flow analysis. 
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8.2.1 More Cells Cont'd. 

There is also scope for implementation of Group Technology in 

another area of M.E.L. - the Watson subsidiary which manufactures 

glass and metal components for optical equipment. There seems to be 

a parallel to be drawn between work at Watson's and the implementation 

at Rank Taylor Hobson (15). Consideration will be given to this 

idea in the near future and initial indications look promising. 

The rest of M.E.L. is more concerned with assembly of components into 

finished products where the metalwork is a minor part of mostly elect- 

rical products. To implement Group technology here, where there are 

few complicated and expensive machines to set up and little scope for 

parts family manufacture would, to the purest, seem to be more the 

implementation of Group Working rather than Group Technology. Whatever 

the semantics, there may be considerable scope for better layouts of 

the shop floors, for better groupings of workers and for better 

methods of rationalising the design and assembly of the products. 

A preliminary survey is to be conducted to see if a significant 

potential for improvement exists. 

As for other areas of the Philips Group, some interest has been 

engendered in central departments and other plants, but as yet no plans 

are known for application of Group Technology in the ways being con- 

sidered by M.E.L. It appears to be early days yet, although consider- 

able strides have been made in the introduction of autonomous work 

groups in assembly areas which should forma valuable basis for the 

introduction of Group Technology in the many component manufacturing 

activities throughout the Philips) Group. 
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8.2.2 Production Control The implementation of the complete, 

modified production control package described in Chapter 6 started 

in January 1977. It is too early to comment on its effectiveness. 

Future work on this package should be initially aimed at the simpli- 

fication of its operation. There would seem to be scope for 

allowing "on-line" updating and interrogation of the data files 

which should make the package considerably easier to use and make 

feasible other techniques to be described later. The essence of 

good production control is accurate and up-to-date information and 

"on-line" in “real time" (files up-dated immediately) or “real- 

enough-time" (files up-dated periodically - say every 3 hour to every 

day) should improve the state of the information in the Huizen system 

considerably compared with the current once-a-week up-date on the 

majority of the data. 

The availability of a data base that can provide such up to date 

information would make possible improvements in both the long term 

loading and shorter term problems of job sequencing. "Real time" 

operation would allow trial of alternative load plans before an 

optimum was chosen and would ease the re-scheduling problem. Mechan- 

isation of the "Ouija Board" layout would be possible by allowing the 

job sequences to be chosen by a planner examining their effects ina 

conversational manner with the computer. Trial and error planning 

ona "what if?" basis. 

Notwithstanding the availability of real time access to the Huizen 

system, some work is already underway to examine the potential for 

productivity improvements by using the computer to examine alternative 

sequences automatically. Initial experiments have concentrated on 
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8.2.2 Production Control cont'd. 

sequencing jobs to the Accuratools, using a limited Monte Carlo 

simulation of the possible job sequences. It has been found 

that whilst the optimum sequence may take a considerable amount ‘of 

computer time to derive, even using powerful algorithms such as 

"branch and bound" (39), a significant and worthwhile improvement 

can be obtained by simply evaluating a number of feasible sequences 

at random and choosing the best. The likelihood of a significant 

extra improvement being discovered through the generation of more 

sequences seems to diminish rapidly with the number of sequences 

generated. Work continues to extend the ideas with the intention 

of incorporating such a sequencing aid into the Huizen system should 

the savings prove worthwhile and achievable with a low overhead of 

computing time. These savings should be more easily achieved with 

such a sequencing aid available because of the complexity of the 

manual sequencing problem, 

A combination of automated sequencing and real time operation might 

allow the computer to guide operators directly to the best job to 

start. The computer would be in possession of the up-to-date manu- 

facturing situation and could evaluate the best sequence to follow on 

the basis of the information to hand when prompted by an operator 

seeking a new job to start. 

There is also scope for improving the effectiveness of the control 

system through better design of its data and information links with 

the rest of M.E.L. Automated links to forecasts of product output 

and stocks in the assembly divisions could reduce what is now a 

considerable clerical exercise to translate the requirements of 

Manufacturing Division's customers into a schedule for the shop floor. 
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8.2.2 Production Control cont'd. 

The effectiveness of this process would be further increased by 

more attention to the design and methods of the support organisa~ 

tions and on the delegation of part of the production control task 

to the cells together with an understanding of how moving from 

Jobbing to batch production control could bring further economies.. 

8.2.3 Group Working The re-organisation of the production control 

system has made the creation of further cells feasible. More cells 

may serve to solve some of the current sociological problems, but 

may well create others. The problems thought likely to diminish 

are those connected with the special nature of the trial cell. It 

should prove easier to gain acceptance for a group reward scheme 

that would not be possible to implement in the trial cell in iso- 

lation and the operators would no longer feel themselves singled out 

for the attention of management. Both changes should help to reduce 

the current difficulties on the shop floor. It is also likely that 

more cells will help the supervisory problem for much the same reason 

although some difficulty may be expected in the conflict between 

imposed leadership (the supervisors) and the autonomous nature of 

the cells. However, moves towards the creation of further cells 

would be unwise without a full appreciation of the depth of the 

sociological problems in Manufacturing Division and without both 

considerable efforts to solve the problems and some clear evidence 

of their solution, Efforts are being made with the staff on the 

shop floor by holding a regular meeting between the Divisional Manager 
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8.2.3 Group Working cont'd. 

and the operators. Although the supervisor is present at this 

meeting which is showing clear signs of improving communications 

and reducing the barriers between the shop floor and the manage- 

ment, there are no signs that similar improvements are being made 

at the supervisory level. Parallel efforts were started by 

holding meetings between the supervisors, production control and 

planning staff, two representatives of the team implementing Group 

Technology, and a sociologist. These meetings ceased after the 

unfortunate early death of the sociologist before any real improve- 

ment could be achieved. The re-creation of these meetings is 

thought to be highly desirable. 

The creation of a fully cellularised Manufacturing Division will ease 

considerably the load on the supporting production control staff. 

With a trial cell working the production control staff are essentially 

operating two production control systems and are having to manage the 

interface between them. This extra load may be at best a partial 

cause of the negative reactions described in Chapter 5. 

Once a fully cellularised operation has been implemented and is seen 

to work, the management may feel more able to move towards giving 

the cells more autonomy and, in effect, treating them more as 

businesses in their own right. Little or no modification to the 

Production Control system should be necessary to achieve such a 

situation, but careful attention would be necessary to the way 

planning, estimating and production control tasks were delegated to 
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8.2.3 Group Working cont'd. 

the cell. Fully autonomous working would be difficult to achieve 

because of the complexity in the relationships with the customer: 

divisions that would be created. A good compromise would seem to 

be to delegate planning and shop floor production control to the 

cells, retaining a small central "customer liaison department" to 

handle the interface between Manufacturing Division and its customers. 

It would probably not prove feasible to delegate the task of estima- 

ting to the cells because of their monopoly situation and the policy 

of the Philips group where estimating/target setting is deliberately 

separated from the line management. 

Another aspect of Group policy which may affect the extent to which 

the cells can be autonomous is the accounting process. The Philips 

Group operates an accounting system which is different to that of most 

companies in that assets are revalued and recovered at the point of 

added value in the amount charged for a man-hour's work. At the 

time of writing, only one hourly rate was used across the whole of 

Manufacturing Division and the setting of separate rates for the 

different cells could produce a heavier load for the accounting 

departments. The modified production control system could provide 

a good deal of help in the costing process via the use of the rates 

routine file link described in Chapter 6. This link should make 

automated job costing easily obtainable leaving the only extra work 

in the setting of tie annual hourly rates. This extra work is not 

thought likely to be significant. 
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8.2.4 Standardization Currently, there is very little parts 

standardization at M.E.L. Whilst there are limitations imposed by 

customers who paid for the development leading up to many of the 

drawings and who demanded that their own standards be adopted, there 

is still considerable scope for M.E.L. to influence future designs 

and to take opportunities to change existing designs. The oppor- 

tunities for standardization exist at three levels: methods, parts 

and assemblies, 

Standardization of methods covers the selection and/or design of such 

items as threads, chamfers, undercuts, raw material sizes and grades, 

tolerances, etc. To illustrate the potential for methods standardiza- 

tion the sorted list of Opitz code numbers against part numbers 

described in Chapter 5 was used to retrieve drawings having a similar 

Opitz code number. This component family comprised pillars and 

spacers that were made in some quantity and with a wide variety of 

forms in the Turning Cell for various customers. Figure 59 shows 

part of this sample together with a suggested "composite component" 

(see figure 60) that would fulfil the purpose of the other components, 

but require little alteration to the setting of tools during the 

manufacturing process. Whilst all the components have a 4-40 UNC 

thread, the manufacturing method has to change, because of detail 

differences concerning the chamfer (size and angle) on the front of 

the thread; the overall length of the threaded section and; the 

design of the shoulder where the thread meets the main body of the 

component. It was also noted that the various materials chosen 

did not line up with those stocked as standard, although no technical 

reason could be found to justify this situation. 
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8.2.4 Standardization cont'd. 

For 10 drawings selected, 8 different manufacturing methods were 

necessary. Using the suggested composite component, the 8 methods 

would be reduced to 1 with consequential savings in setting time 

and Planning/Production Control effort. 

Standardization of components may be regarded as the use of "preferred" 

items wherever possibe, rather than re-designing every item from 

scratch. Whilst there is obvious scope for improvements in drawing 

office productivity by the use of preferred standard metalwork com- 

ponents, this saving may well be negligible compared with savings 

in: "debugging" new designs; production control effort; work in 

progress; overall lead times, etc. achieved through a reduction in 

the variety of items produced, 

Standardization of assemblies is an extension of the preferred 

component concept to cover some standard metalwork assemblies. There 

may be scope for standardization of some equipment "racks" and "trays" 

but significant inroads into standardizing M.E.L's metalwork assemblies 

would require a substantial change in marketing and design policy 

that would take a long time to implement and is probably not warranted 

by the potential savings. 

One area, falling between component and assembly standardization that 

might be profitable to investigate,is fabrication of machined castings 

and some conventional sheet metalwork items from N.C. machined stan- 

dard plates. Allen (10) has claimed to have reduced lead times for 

metalwork items, previously cast, from 2} years to 2 months on initial 

orders and from 6 months to 2 for repeats. He also claims that a 
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8.2.4 Standardization cont'd. 

cost reduction of 64% was achieved by the use of these methods. 

Computing techniques are much in evidence in the achievement of 

these results. A mini-computer is used to digitise a drawing 

and produce control tapes for the N.C. machine and an automated 

inspection machine directly. Standard features (holes, slots, 

clearways, etc.) can be automatically called in at the time of 

digitization of the drawing and aids to visualization are provided 

by the computer to assist checking the tapes before cutting metal. 

Such techniques could well find use at M.E.L. 

At the system level, the secret of effective methods and parts 

standardization appears to be the ease of retrieval of standard 

drawings. So long as it is easier for the draughtsmen to draw a new 

item than'to use a standard, then the likelihood of a standard item 

being used diminishes. M.E.L. has made attempts to improve the 

availability of information to draughtsmen by providing manuals of 

standards, but with more than 500,000 drawings on file, retrieval 

is a large task and, so far, access by drawing number is the only 

system used. Access for standardization purposes would require 

classification of a large enough cross section of drawings to give 

a representative sample and a filing system organised according to 

the classification system. The classification system would have to 

strike a balance between ease of use and accuracy of description of 

the component's geometry, surface features and method of manufacture 

and the filing system would have to be very easy to use. A profitable 
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8.2.4 Standardization cont'd. 

line of investigation would appear. to be a combination of a mini- 

computer and a microfilm filing system. 

To make the use of standards stick, not only drawings but standards 

manuals, tolerance/cost curves, preferred stock item lists, etc. 

should be available from this access system. A change to the 

current drawing process would be desirable so that classification is 

done at a very early stage in the design. The system used should 

ensure a constant pressure to classify and examine standards rather 

than draw a new item. Currently, drawings are produced first and 

standards thought about later. To realise the benefits of parts 

standardization the reverse must be the case. Figure 61 illustrates a 

possible change to the drawing process compared with the current methods. 

8.2.5 Automated Estimating and Methodisation Given a rationalised 

approach to the design of metal components, the prospect of automating 

the estimating and methodisation process might become more feasible, 

perhaps along the line suggested by Arn (12). Reductions in the 

clerical effort and elapsed time that take place between receipt of 

an order and the start of component manufacture would be possible on 

a much greater scale than with the current level of standardization, 

although real benefits might still be seen with no improvements in 

standardization. 

Apart from the obviously greater scope for standard methods and 

estimates resulting from standard part designs, a great benefit would 

accure if the estimating process could be integrated with the design 

process to allow examination of production costs at the design stage 

and build in “value engineering". 
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8.2.5 Automated Estimating and Methodisation cont'd. 

The Philips Group has already made progress on automating methodisa- 

tion and estimating (25) and the potential for the application of 

this work at M.E.L would appear to be significant. 

833 Extension of Knowledge 

8.3.1 Cell Design The computer is a powerful analytical tool, 

particularly when it can be used to manipulate existing company data. 

The state of the art is moving rapidly towards company data bases. 

Although initial results are not as promising as first hoped, it 

will not be long before data base systems become utilised for 

management of the total information in companies. The Philips Group 

has made strides initially based on I,C,L.NIMMS and more recently 

on their own data base management system which allows total computeri- 

sation of their planning, scheduling and goods movements systems. 

The information is derived from Commercial forecasts and product 

structure data and new machine shop schedules can be provided directly 

from input of a new Commercial forecast and up-to-date information 

on stocks and work-in-progress. Access to the data in such systems, 

particularly in real time could produce a powerful tool in the design 

of a new organisation embodying Group Technology principles. The 

Process could be similar to that discussed in Chapter 5, but as yet 

the analytical tools have to be custom built. No packages are 

available, 

More work needs to be done to link the classification and production 

flow analysis techniques of cell design. Both techniques have good 
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8.3.1 Cell Design cont'd. 

and bad points and neither is ideal. Particularly important is the 

need to keep the cellular structure up-to-date with the parts spectrum 

unless a gradual increase in the in-balance of the cell load is to 

occur. 

Classification systems are by no means ideal and their use in 

organisations is not yet fully thought out. A classification system 

for cell design and up-dating may not be suitable for drawing retrieval, 

shop loading, routing or sequencing purposes, but it seems unlikely 

that organisationswill use more than one classification system. The 

pressure for one classification system to be all things to all parts 

of the system may so stress current systems, that parts classifica- 

tion may be abandoned. Considerable scope exists for the development 

of classification systems, particularly for the multi-product organisa- 

tion where metalwork and in-house manufactured components may only 

be a small part of the final product. In particular no classifica- 

tion scheme is known which can help in the design of cells in an 

assembly area. 

Production flow analysis with its heavy dependence on the current 

working methods in the organisation using it, is also far from ideal. 

There is scope for developing its objectivity and scope for easing 

its use. Further mechanisation of this process and the availability 

of computer tools that can operate with data base management systems 

could spread its use considerably, particularly if the technique 

could be extended to include automated layout planning of a revised 

organisation resulting from its use. 
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8.3.2 Production Control The solution of the production control 

problem in a Group Technology environment provides further scope for 

extension of knowledge. Existing computer packages for production 

control do not readily lend themselves to the Group Technology 

situation and development is needed in: 

* The design of information systems appropriate to 

a cellular organisation 

* The design of sequencing algorithms to exploit parts 

family manufacture and avoid machine. interference 

* The control and avoidance of disruption caused by 

machine or tool break-down or operator variability, 

sickness or absenteeism 

* Design of estimating systems automated to produce 

job instructions and time estimates from part 

geometry, surface features, tolerance, etc. 

* Efficient interfacing of production control with 

accounting systems, payment/incentive schemes and 

the design/estimating process. 

8.3.3 Sociological Development The implementation of any new system 

involves people. The implementation of Group Technology poses par- 

ticular problems in the organisation and restructuring of work that 

involves skilled operatives and supervisors. Although theories 

governing the motivation of people in socio-technical’situations are 

well established (5, 14) and are being examined with particular 

reference to the Group Technology situation (6), as yet there is no 
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8.3.3 Sociological Development cont'd. 

clear recipe for success involving the many problems that arise 

during the implementation of this new Manufacturing system. Work 

needs to be done in developing and transferring sufficient under- 

standing of these theories, particularly for those responsible for 

managing the change from functional to group based production systems. 

By this means, projects may be approached in a way that guarantees 

a greater chance of success. 

Further work in organisation development also seems necessary for 

better integration of cellular working with other aspects of industrial 

society at, supervision, middle management and Board levels (16). 

The computer is an important factor in all these areas and there 

would seem to be considerable scope for greater understanding of the 

inter-relationships of people with computers in the GroupTechnology 

environment, Part of Group Technology is an improvement in the 

sociologica! structure of companies. In organisations possessing a 

computer a successful bond between man and his information systems 

must be sought, 
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CHAPTER 9 

OVERALL DISCUSSION 

ont Introduction 

Arguably, the research described in this thesis produces a number of 

conclusions in a wider vein than simply specific applications of 

computer systems in Group Technology. The entry point to the 

research was the interaction between computer based management 

information systems and Group Technology, but,during the progress 

of the work, other areas of knowledge impinged on the research, so 

an attempt will be made to discuss conclusions on these wider matters 

as well as on some applications of computers in Group Technology. 

oe The Project 

Because the work was centered on a project to install Group Technology 

in one area of a large multi-product company, it is important to take 

this situation into account in any conclusions drawn from the research. 

9.2.1 Degree of Success The success of M.E.L's project in achieving 

its original objective, the installation of Group Technology in 

Manufacturing Division, seems a bit like the curate's egg "good in 

parts". Whilst, as Chapter 7 shows, the project produced measurable 

benefits in the trial cell and indicated potential for a cost effec- 

tive implementation in the rest of Manufacturing Division, progress 

beyond setting up the trial cell and operating it has been limited. 

The intention of the company is to extend cellular working, at least 

throughout the rest of Manufacturing Division, Other areas being 

considered for the installation of Group Technology are the N.C. 
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9.2.1 Degree of Success cont'd. 

machine section, some assembly areas and the subsidiary company 

specialising in glass and metalwork component manufacture for 

optical equipments. However, the management momentum behind 

turning these intentions into reality does not yet appear to be 

large enough for real and substantial Progress to be made. 

9.2.2 Limiting Factors The main factors that appeared to limit the 

Progress of the project in Manufacturing Division were the socio- 

logical problems with the operators and supervisors, the changes 

in senior management during the course of the project and difficulties 

associated with the interfaces between Manufacturing Division and 

other areas of M.E.L. Whilst these factors were all significant, 

there appear to be more fundamental causes of the problems. 

First, and probably most important, was the lack of clarity of the 

role of Manufacturing Division in M.E.L. No clear policy existed for 

metalworking in M.E.L. and a succession of managers had tried to 

fulfil a number of conflicting requirements within some very rigid 

constraints. The requirements appeared to be: 

* To act as an efficient producer of metalwork so 

as to be competitive with sub-contractors on price 

and delivery ("production") for the Customer Divisions 

Of MELE. 

* To provide a high technology production centre making 

parts that were too difficult for sub-contractors to 

make ("problem solving") 
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9.2.2 Limiting Factors cont'd. 

* To provide a high speed rescue service to cover for 

delivery or quality failures in sub-contractos 

("problem solving") 

* To support pre-production and development metalwork 

requirements when the capacity of M.E.L's model 

shops proved inadequate ("problem solving") 

The "production" and “problem solving" roles conflict because of 

differences in the manufacturing systems required to support them. 

The "production" role demands low costs which implies a high level 

of operator and machine utilization and imposes pressures for the 

use of lower levels of skill (lower cost and a greater willingness 

to perform repetitive Jobs). The "problem solving" role demands a 

much higher level of skill and a greater degree of flexibility from 

the operators and lower machine utilization to ensure a good reaction 

time to solving new problems. 

The prime constraint was the physical size of Manufacturing 

Division's shop floor which restricted Manufacturing Division's output 

to between 1/3rd and 2/3rds of M.E.L's production metalwork require- 

ments. 

The size of Manufacturing Division was important because: 

* It was not large enough to cater for M.E.L's 

total metalwork requirements 

* It was too large to act as a pure problem solving 

activity 
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* It was not large enough to contain a problem 

solving activity separable from the main production 

activity, but spanning a sufficiently broad area 

of technology and having enough capacity 

No opportunity arose to consider expansion of the existing shop 

floor because the company was already hard pressed for space. 

Other constraints, which made the management of Manufacturing 

Division difficult, were associated with the systems and interfaces 

between Manufacturing Division and other areas of M.E.L. In 

particulary, no company wide system existed to estimate the implica- 

tions of changes in the required output of finished products from 

the Customer Divisions to changes in the likely load on Manufacturing 

Division which made it very difficult to obtain an adequately smooth 

load for efficient operation. The accounting system posed other 

difficulties in requiring that cost data be collected and that over- 

heads, capital and space costs be recovered at the operation level. 

The effect of the accounting constraints, apart from the high level 

of data collection necessary, was to distort the comparison between 

Manufacturing Division's costs and those of sub-contractors and hence 

decisions to "off-load" of manufacture in-house. The distortions 

exacerbated the loading difficulties. 

The effect of the conflicting requirements, the physical constraints 

and systems distortions meant that the load to the shop floor varied 

not only in level, but also in character. Operators and supervisors 

saw a load that was heavily production orientated at times and were 

pressurised to work efficiently to detailed and specified job 

instructions. At other times the load was orientated more towards 
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problem solving, when no instructions were available, but a high 

degree of skill was demanded. 

The continuously changing role demanded of the operators and 

supervisors was possibly a key underlying cause of the sociological 

problems of the project. The problems had existed for many years 

before the implementation of Group Technology was attempted and it 

seems likely that they were rooted in the conflict between the high 

level of skill demanded to fulfil the problem solving role and the 

lower emphasis on skill, but higher demands on measured productivity 

in the production role. 

The role conflict did not only affect supervisors and operators. 

The production control staff were not provided with an adequate system 

to cope with the changes in level and character of the load. Because 

the production control system demanded so much data, not only in the 

form of job instructions but also in the provision of detailed time 

estimates, a significant amount of time elapsed between a job being 

given to Manufacturing Division and its effect on the load being 

displayed. Additionally, no system existed to take into account the 

load presented in problem solving. The only method open to the 

controllers was to degrade the assumed capacity available from each 

operator in the control system to allow for this "sideways loaded" 

work. The degraded capacity distorted the performance measuring 

system and made the Supervisors’ and Production Controllers' jobs 

more difficult since work turned down by the Production Controller 

because of an assumed lack of capacity was sometimes taken by the 

Customer to the shop floor for "sideways loading" where he stood a 

good chance of getting it made. 
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These difficulties could well explain a large proportion of the 

observed sociological problems in Manufacturing Division, although 

as far as the project is concerned, due consideration should be 

given to the failure to include representatives from the Shop 

Floor, Supervision and Production Control at a sufficiently early 

stage in the project. Such a failure could well have meant that 

the operational staff in Manufacturing Division saw the Group 

Technology project as externally imposed and to be resisted or 

at most, put up with, rather than feeling a sense of ownership and 

looking for how improvements could make their job cleareror more 

rewarding. Fears of Supervisors and Production Controllers that 

the Cells would take over large parts of their jobs may have then 

become more important and deepened the gulf between themselves and 

the project. 

Although Group Technology may provide an eventual answer to this 

conflict, no solution is yet in sight. fhe answer would, however, 

appear to be more likely to be obtained given the clearer picture 

of the real requirements of M.E.L. from Manufacturing Division 

generated by the use of the new manufacturing system and its greater 

ability to cope with problems as routine. 

The second underlying factor limiting the progress of the project was 

possibly the low level of the initial installation, Thornley (46) 

has advocated a total approach for the installation of Group Technology 

in a company and Burbidge's survey (8) of many installations has 

indicated that “low key" attempts starting with one or two trial cells 

are much less likely to suceed than a high key project initiated and 
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led by top management. A low key project is likely to flounder when it 

meets difficult interface problems or has to take policy decisions into 

account that were made in isolation from the project. 

Examples of such difficulties associated with this project were: 

* The failure to obtain agreement to modify the payment 

system. The lack of suitable compensation was the stated 

reason for the operators unwillingness to cooperate and 

provide the flexibility necessary to obtain maximum benefits 

from Group Technology. The non-cooperation of the operators 

was a serious set-back to the implementation and was only 

partially overcome by the unification of the turning cells 

(described in Chapter 5) and the production control system 

modifications (described in Chapter 6). The failure seemed 

mainly associated with management's fear of potential 

difficulties with staff in areas not implementing Group 

Technology and exemplified the interface difficulties of 

a low key project. 

* The policy decisions to purchase 3 automatic lathes. These 

new machines were the first automatic lathes to be used in 

Manufacturing Division and some technical difficulties were 

experienced with their introduction. They represented a 

significant change to the capacity of the trial cell and 

gave M.E.L. the ability to manufacture significant quantities 

of work previously sub-contracted. Because no methodisation 

or load time information existed on this work, the effect 

of the new machines on the capacity of the trial cell could 

only be roughly estimated in comparison with the careful 
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and detailed analysis that led up to the original cell 

design which did not include the automatic lathes. New 

problems were encountered with operators who objected to 

their jobs being, at times, devoted to finishing large 

quantities of parts which could not be fully dealt with 

by the automatic lathes. Additional problems were generated 

in production control of the larger batches capable of being 

digested by the new machines and in achieving a good balance 

of work in the cell without devoting its full capacity 

to completing a large batch from the automatic lathes to 

the exclusion of most other work. The performance measure- 

ment systems were distorted because they assumed that one 

operator was required to work each machine which was no 

longer true of the automatic lathes. Even though the worst 

effects of distortion were eliminated from the measure- 

ments, doubt was thrown on an important part of the 

cost benefit analysis. Coping with these problems 

and helping to solve the technical problems associated 

with the introduction of the new machines diluted the 

efforts of the project team and delayed the progress 

of the project. 

* As yet no progress has been made on persuading design 

departments to include Group Technology principles in 

the design program. Consequently, parts family manu- 

facture and standardization of metalwork features and 

components does not take into account the new techniques 

until the parts are made by Manufacturing Division. 
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Not only does this reduce the benefits of the new 

system, but it increases the load on Manufacturing 

Division who has to code its own drawings and 

take into account a perhaps unnecessarily wide 

spread of technology 

* At least part of the delay in modifying the produc- 

tion control system occurred because of priorities 

other than the Group Technology project. However, 

the main delay was the need to satisfy the new Plant 

Director of the appropriateness of the new ideas to 

M.E.L's needs before the modifications were allowed 

to commence. 

* Some key production control problems were those con- 

cerned with the interfaces with the customer divisions 

and the support organisation. The project as 

structured, was not empowered to tackle these problems. 

It is, of course, sheer speculation as to whether a higher key project 

would have been more successful than the project conducted, which was 

low key in nature. 

Arguments supporting such a theory include: 

* High key projects tend to get more advance thinking 

prior to setting up. In M.E.L's situation, some form 

of cost justification would probably have been demanded 

in advance of starting the project which would have 

obviated the delay and change of direction half way 

through 
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* High key projects get more and better people on 

them. It is obviously difficult to be objective 

about the quality of people on M.E.L's project, but 

representatives from Supervision, Shop Floor and 

Supporting staff in Manufacturing Division, plus 

others from the interfacing areas of design, the 

Customer Divisions, Personnel, Accounting, etc., if 

Properly managed, could have produced a higher rate 

of progress on a broader front. Particular problems 

that might have been tackled more effectively by such 

a team include those of operator payment, interfaces 

with the customer divisions and incorporating Group 

Technology in design. It was noticed that incor- 

porating a representative from the computing department 

did much to reduce any interface problems in this area. 

* High key projects get taken into account when policy 

decisions are made. Whether or not the automatic 

lathes would have been purchased, is perhaps not so 

important to the argument as is the mechanism of a high 

key project that would have taken such factors into 

account or delayed the purchase until a full examination 

of the effects of the new machines had taken place. 

* High key projects can tackle bigger and more fundamental 

problems. Arguably, it is more likely that the 

conflict in Manufacturing Division's role would have 
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been tackled and solved by a high key project. It must 

also be recognised that no scope existed on the project- 

for examining more fundamental groupings of products ands 

manufacturing facilities, such as integrating part of the 

metatwork activity with assembly areas and combining 

Manufacturing Division with model shops, etc. f A much 

higher level project would have been needed to tackle 

these problems. 

Against these arguments for high key projects are the problems associ- 

ated with the pace necessary for a project involving a large number 

of people and a high level of Gnatces The rate of improvenent 

associated with the project mUstibe maintained or its cost will come 

into question. If the pace demanded is too high, stubborn problems 

requiring time for their solution may get overlooked. Particular 

dangers are to be associated with problems of the sociological type 

encountered on this exercise. When people are being asked to change 

their attitudes, it seems doubtful whether a greater number of more 

socially skilled people telling them to do so will have the desired 

effect. Whilst skilled industrial relations expertise may help, 

there are perhaps problems that only time will solve and there is a 

distinct danger that high key projects could flounder on such problems 

or leave them unsolved only to have their re-appearance reduce or 

eliminate the long term benefits accruing from the installation of 

Group Technology. 

9.3 Effects of the Computer 

The use of computers has proved to be a key influence on both the 

direction and progress of the project. 
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9.3.1 Analytical Phase Effects During the analytical phase 

(see Chapter 5), two main separate courses of action were followed: 

one applying the modified Opitz code to drawings and the other 

developing the data capture system and the means of accessing and 

analysing the file produced. Only when both exercises were complete 

was it possible to embark on designing a new cellular structure for 

Manufacturing Division. The effectiveness of such a process depends 

on the speed at which the desired ends are reached, the quality of 

the analysis produced and "spin off" benefits that were a feature 

of the particular approach adopted. 

In many one off analytical situations, a computer approach may take 

longer and cost more than more simple manual methods. However, 

although there is no control against which to truly evaluate the 

M.E.L. project, a case can be made for the efficacy of the computer 

solution in this situation. 

First, although the analysis was only carried out for the General 

Machining area, the computer system is equally applicable to the N.C., 

Sheetmetal and Process areas with little or no modification. Any 

modifications are likely to be restricted to coping with a different 

classification system which will have only small effects on the 

programs and no structural effects on the files generated by the system. 

Secondly, the data capture system was operating before the end of the 

coding exercise and its development was thus not on the critical path 

of the project. 

Thirdly, the time required to finish the analytical programs on the 

360/135, to transfer data to the time sharing computer and to develop 

the analytical programs was small and was completed well before their 
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use was required by the project. 

Fourthly, the use of the time sharing - interactive techniques - added 

Power to the analytical process, allowing the evaluation of a 

Considerable number of alternatives in a very short time. A very 

effective man/computer interaction was observed to weld the Produc- 

tion engineering skills of the project team and analytical power of 

the computer together. This part of the analytical phase was 

arguably both the shortest and the most effective part of the project. 

Fifthly, a large measure of confidence in the results was generated 

by using a computer system. Once tested, the computer programs were 

known to produce accurate analyses and the "authenticity" of an out- 

put on computer paper anne minds of people not familiar with 

computing techniques should not be underestimated. Trust in the 

accuracy of the results and the resulting conclusions was probably 

important in reaching the decision to create the trial cell. 

Finally, the data capture system provided the basis for an ongoing 

archive of computer data on every day events in Manufacturing Division, 

which, although Previously missing from the Production control system, 

provided a basis for the improved performance measures described in 

Chapter 6 and for several new and different analyses since. The 

cost justification experiment could not have been carried out without 

a much greater data collection exercise than was necessary because 

the data capture system existed and lately, the system has formed the 

basis for investment decisions on new equipment in Manufacturing 

Division. 
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Since none of the benefits described above would have been achieved 
by the use of manual methods, which in any case might well have 

consumed more labour than the development of the analytical system, 

the overall effect of the computer on both the time scale and the 

effectiveness of the analytical process must be regarded as bene- 

ficial with extra "spin off" benefits for the future which should 

not be underestimated. 

9.352 A Packaged Alternative At the start of the project, a 

packaged alternative based on Production flow analysis was considered 
and rejected. Much of the data provided by the data capture ete ten 

would have been necessary to provide as input to the package and 

the fees that would have been necessary to pay to gain access to 

the package were large. Few of the “spin off" benefits that were 

obtained from the in-house system would seem likely to have been 

obtained from the Package, although the support necessary to develop 

the use of the package in M.E.L. would probably have been similar. 

The experience gained in the manipulation of the data in the Group 

Technology data files, was valuable in improving the company's 

understanding of Group Technology. This experience would not have 

been gained through the use of the package because of the commercial 

secrecy surrounding its structure. The commercial secrecy might 

also have reduced the trust in the results provided though the use 

of the package. In hind-sight, the decision not to use an externally 

developed package was probably right. 
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93.3 Production Control System Modifications A large part of the 

project was devoted to modifying the production control system to 

reflect Group Technology principles and to allow better control of 

a cellular organisation to take place. In assessing the role of 

the computer in this part of the project,there are a number of impor- 

tant considerations. 

At the start of the Group Technology project, the computer already 

had a substantial role in Manufacturing Division in the shape of the 

production control system. This system not only formed the basis 

for production control, but also provided the vehicle for the com- 

munication with the Customer Divisions and of methods engineering 

and timing information to the shop floor. The system was deeply 

entrenched in Manufacturing Division after many years of use el the 

support organisations of "Planning" and "Production Control" were 

built round the needs of the system. The routine management process 

of Manufacturing Division was also built round the inputs and outputs 

of the Huizen system, so any modifications to its use were not to be 

undertaken lightly. 

It is claimed (46) that Group Technology reduces paperwork and since 

the production control system constituted the majority of the paper- 

work in Manufacturing Division the modifications to the production 

control system should be viewed in the light of this claim. Chapter 

shows that whilst the amount of paperwork involved in the production 

control system did not go up significantly, it did not decrease sig- 

nificantly either, although the revised system would appear to be 

more manageable. The quantity of data collected has remained sub- 

stantially unchanged. The modified Opitz code is added, but this 

is not essential to the operation of the system so the only real 
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additional data is that necessary for description of the cells and 

to divide the job instructions up so that correct routing may take 

place. The additional load to provide this data is not significant. 

The information provided by the system has been modified rather than 

changed in volume and reorientated to: 

* exploit the cellular structure of Manufacturing 

Division by division of the production control problem 

into more manageable sections 

* elevate the importance of delivering to due date and 

achieving short lead times by providing appropriate 

performance measures 

* provide a pressure and a means for 

managing the cells as semi-autonomous "businesses" 

by appropriate organisation of the information 

output from the system. 

It is difficult to speculate on the future success of these modi fica- 

tions or on the true relative load of the new system vis-a-vis the 

old whilst the Production Control section has to operate both the 

new and the old systems at once. Only when Manufacturing Division 

is fully cellularised will the true effectiveness of the modified 

system be revealed, 

If the modified system succeeds in establishing the cells as businesses 

it may be possible for the management to consider some more drastic 

surgery on the system and its associated overheads, Such a step 

might involve: 
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* a policy decision to eliminate cost data collection 

at the operation level 

* a demonstration that the divided production control 

problem can be handled without a great deal of paper- 

work support 

* development of a more simplified means of establishing 

the long/medium term load in Manufacturing Division 

vis-a-vis that required so that good deliveries can 

be maintained and a rational off-loading policy 

followed 

* development of simplified performance measures 

* a demonstration that job instructions are either not 

needed or can be more effectively communicated to the 

shop floor. 

At this stage, it is difficult to visualise how such extensive modi- 

fications could be successfully attempted. However, some scope is 

seen for reducing the time lapse between receipt of an order and 

issuing it to the shop floor by better systems design and a more 

appropriate organisation along the lines suggested in Chapter 8. 

It must, therefore, be concluded that, at least, in the exercise so far, 

Group Technology has not so far reduced the paperwork or the associated 

overheads. However, the measured improvements indicate that Group 

Technology produced an incease in the trial cell's performance without 

a significant increase in the paperwork. 
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There are also important underlying implications of what happened 

and what was achieved. 

First, because the system was so deeply entrenched, the organisation 

was accustomed to control and costing being done in the manner 

indicated. A high level of control was expected and the Group 

Technology project was started mainly to improve the performance of; 

Manufacturing Division to be in line with that seen to be needed by 

the business. A reduction in overheads was not one of the objectives 

but an improvement in control was. In an organisation faced with 

control rather than cost problems, it is probably less likely that 

simplification and reduction of the control system will be tackled. 

M.E.L. is now entering a more cost conscious phase, so it will be 

interesting to see if reduction of control costs and simplification 

of the control system becomes an important future objective. 

Secondly, an important defect in M.E.L's production control process 

is the separate nature of the Huizen system. In building the data 

file to design the new organisation, special links, both computer based 

and manual, were forged between the Huizen system and other systems in 

M.E.L. These links proved too difficult to maintain on a permanent 

basis and so there is no direct means of assessing the implication 

of a change in either the product delivery or stock situation on the 

load on Manufacturing Division. The partial nature of M.E.L's 

control system may be producing effects of sub-optimisation which 

may be deteriorating the company's delivery performance and stock 

investment unnecessarily. Recently, a simple system has been 

installed to indicate the resource implications of a commercial 
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forecast, which may go at least part way towards solving this problem, 

but a permanent solution seems more likely to lie in the company's 

moves towards a data base which would make a fully integrated control 

system more possible. Such a system would allow speedier and more 

effective management of the interfaces between Manufacturing Division 

and its customers, together with improvements in stock investment and 

delivery performance by more effective batch sizing and control. A 

related improvement might be possible in the use of Manufacturing 

Division and sub-contractors via a better understanding of Manufac- 

turing Division's role along the lines suggested in section 9.2.2, 

Thirdly, the modified Huizen system provides only limited help on 

the problem of job sequencing to exploit the benefits of parts family 

manufacture in M.E.L. The “Ouija boards" described in Chapter 6 

are difficult to set up and provide only a modicum of assistance to 

solving complex sequencing problems. Chapter 8 suggests a real time 

computer system to evaluate more sequences more easily and quickly 

together with some ideas for fully automating the problem solution 

on a quasi-optimal basis. 

It is therefore, concluded that the modified Huizen system represents 

an interim solution to the production control problem in Manufacturing 

Division. The problem of routing jobs to cells correctly has been 

solved with minimal change to the system and its surrounding support 

organisation and management processes and the information is better 

organised for improved control of the cells as "businesses" and for 

the exploitation of parts family manufacture. However, further 

development is necessary to fully overcome the problems associated 

with the interfaces between Manufacturing Division and its customers, 
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the "production" and "problem solving" role conflicts and job 

sequencing. This development should take into account further 

revision of Manufacturing Division's organisation - particularly the 

support areas and the potential for reducing the cost of control. 

It is also important to note the importance of the success of the 

system modifications to the Group Technology project. The Manage- 

ment was not prepared to go ahead with construction of further cells 

until the success of the system modifications had been demonstrated. 

Consequently, it must be concluded that, on this project, the control 

system was a major influence on both the direction and progress of 

the implementation of Group Technology in M,E.L., particularly since 

it provided the means of bridging a desired change to the shop floor 

organisation and methods within the constraints of minimal changes 

to the methods and structure of the support organisations and of the 

accounting and other systems operating in other parts of M.E.L. 

9.4 Other Ideas and Conclusions 

During the course of the project, several opportunities occurred both 

for the employment of new ideas and for observations of the effective- 

ness of existing techniques in Group Technology. 

9.4.1 Analytical/Learning Processes Chapter 5 examines the 

effectiveness of the analytical process leading up to the design of 

the trial cell. It is clear that the analysis produced only part 

of the information necessary for the design of the cell. By itself, 

the analysis could not have achieved the end result. It was 

necessary to use the information from the computer in conjunction with 
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a good deal of knowledge and judgement of both the potential benefits 

of Group Technology and Manufacturing Division's particular situation. 

At the start of the project, no one person possessed sufficient 

information to embark on a "peripatetic" design of a cellular 

system. An important aspect of the analytical approach was, 

therefore, a mutual learning process to combine the necessary skills 

for the design of the cells. In hind sight, the Opitz code was 

probably not the best classification system for M.E.L's future needs 

but, as an existing and verified system, it provided a good vehicle 

for the project team to get an objective view of how best to install 

Group Technology in the General Machining area. The combination of 

the classification exercise and the data gleaned from existing methods 

provided a powerful learning process for all involved. A particular 

feature was the "real time" analysis of the data which allowed a 

powerful learning-by-experiment process to take place. 

It is only speculation to consider whether Production Flow Analysis 

would have achieved a similar result, but perhaps the opportunity will 

exist to compare the two approaches when the design of sheetmetal and 

process cells is attempted. 

9.4.2 The Computer as a "Bridge" The use of the restructured Huizen 

system to bridge the reorganised shop floor with the existing Methods 

Engineering and Planning process has already been mentioned. The 

power of data processing information systems in bridging interfaces 

between different organisations is not to be underestimated. Good 
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computer systems design, however, can compensate only in part for 

bad organisation design. Better solutions should be looked for 

first in improved organisation design, rather than more clever systems. 

At best, a computer system can only overcome those shortcomings of 

the organisation that are amenable to solution by provision of better 

information, Such a solution is no substitute for good organisation 

eliminating the interface problems. It is, therefore, believed that 

reorganisation of the support areas in Manufacturing Division must 

be looked at before the full benefits of Group Technology can be 

realised, 

9.4.3 The Computer as an Aid to Measurement The power of the 

computer to glean extra information from data that is collected as 

part of an ongoing operation provides a means of avoiding at least 

part of the Hawthorne effect that poses such problems in judging the 

improvement gained by a new organisation. The cost justification 

experiment illustrates this point well, but it should be noted that 

in an industrial situation, it is very difficult to eliminate the 

effects of a measurement process on the results obtained from a group 

of people. It is not safe to assume that, simply because the 

computer stands between those measured and the person doing the 

measuring, the Hawthorne effect is eliminated. A truely valid 

industrial experiment is very difficult to envisage and it is certainly 

not claimed that the experiment reported in Chapter 7 comes into this 

category. However, it seems likely that the gleaning of extra infor- 

mation from data provided to the computer as part of the normal process 

provides a significant means of reducing the impact of the measurement 

process on the results obtained. 

= 163)



9.4.4 The Computer asa Decider The most common use of computers 

in an industrial situation involves simple calculations and sorting 

processes only. In two cases on this project, the computing was 

extended into the area of routine decision making. The first 

example is the solution to the routing problem where production 

group numbers on jobs were matched with those occurring in the cells 

to specify which jobs should be loaded to each cell. It was noted 

that such a solution could not be obtained by the use of a classifi- 

cation system appropriate to the geometry and surface features of 

the parts themselves, although this problem certainly does not rule 

out such solutions in other situations. The approach used is probably 

not appropriate to production situations where individual machines 

are numberedsince routing at the machine level rather than the group 

level might solve the routing problem more easily. However, given 

the particular situation in Manufacturing Division, the structure of 

the Huizen system and its data, the solution produced is believed to 

provide a good decision making process with little perturbation of 

either the system or its data and much less work for Manufacturing 

Division than if a manual decision making process was adopted. 

The second example is in the simulation model mentioned in Chapter 8 

that is currently being used to evaluate the potential for job 

sequencing and parts family manufacture. Here the essence of the 

computing process is to evaluate an adequately large number of possible 

Job sequences, select the few that look the best and present the 

results for final selection by management. The approach is still 

in its infancy, but is already showing promising results and could 

form the basis for automated job sequencing in the future. Such 

uses of the computer, particularly if provided in "real time" to allow 

exploration of viable alternatives on a "what if"? basis (c.f. the 
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analysis of data prior to cell design) would provide a means for 

considerable improvement of routine management decision making. 

Areas of particular interest for the future of Group Technology in 

M.E.L. include evaluation of in-house / sub-contracting decisions 

and batching decisions. 

9.5 Coda 

The computer has proved to be a major influence on the project to 

implement Group Technology in M.E.L. It has helped in the analysis 

of data, cell design and production control. The presence of an 

entrenched computer based production control system was a key 

influence on the methods adopted and the extent of the re-organisa- 

tion. Whilst only one influence on a project that had to cope with 

the complexities of implementing Group Technology in a large multi- 

product company and in an area with some difficult pre-existing 

sociological problems, the presence of the computer was important. 

The wider use of computers in manufacturing industry means that the 

relationship between computers and Group Technology will have to be 

taken into account and it is felt that a great deal of extra work will 

be necessary before the areas touched on by this thesis are fully 

understood. 

Edwards and Schmitt (48) concluded that: 

"The impact of the cell system on production system design is almost 

unknown because the flow line and functional systems have been 

perceived as the only two manufacturing systems and Group Technology 

is being seen merely as a new technique". 
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The problems encountered during this research have indicated that a 

total view of the manufacturing system is important in an implementa- 

tion of Group Technology which must take into account the complexity 

of the relationships between parts, people, machines and information 

systems before a satisfactory implementation of a new manufacturing 

system can be achieved. 
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CHAPTER 10 

CONCLUSIONS 

Group Technology is not merely a new technique, it represents 

an alternative approach to the design of manufacturing systems. 

If the full benefits of Group Technology are to be realised, 

far reaching changes to a company's organisation, systems and 

methods may be necessary. 

If the extent of the changes required to fully exploit Group 

Technology is not realised at the outset and the implementa- 

tion project managed accordingly, the full benefits of the new 

manufacturing system may not be obtained. 

Because computer based management information systems can 

have a powerful influence on the design and operation of 

manufacturing systems and because of the wide and still spreading 

industrial use of computers, it is important to consider their 

potential application as part of a project to install Group 

Technology. 

The extent to which a company has access to and is familiar 

with using computer based information systems can have an 

important effect ona project to install Group Technology. 

Where significant computing expertise exists in a company, 

it appears undesirable to adopt a "package deal" approach to 

the implementation of Group Technology. It seems better to 

combine the company's own internal expertise on computing, 
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organisation and manufacturing methods with the required 

external expertise in Group Technology to install the new 

manufacturing system, rather than impose an externally 

developed system on the company. 

A computer can be of considerable assistance in providing, 

analysing and synthesising data to aid the design of a new 

shop floor organisation. 

It has been shown that a computer can be used to comb data 

from existing systems and combine it with data necessary for 

the incorporation of Group Technology principles to provide 

a data file suitable to support the design of a cellular 

organisation, 

It has been shown that simple decision rules can be generated 

to describe a cellular shop floor organisation in a way that 

enables a computer to select data appropriate to each cell 

and synthesise a forecast of cellular loading patterns. 

“Real Time" interrogation of the data file was found to be a 

powerful and effective means of combining the analytical and 

synthesising power of a computer with human judgement, expertise 

in Group Technology and knowledge of the organisation and methods 

of the area where implementation was being considered, to design 

an appropriate new shop floor organisation based on cellular 

principles. 
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Computer based information systems have an important role 

to play in supporting a manufacturing system based on Group 

Technology, particularly in areas of production control, 

design and payment. 

The work flow in a functionally based batch/jobbing produc- 

tion organisation can be simplified by moving to a well 

designed cellular organisation, which should reduce some 

Production control problems, but may introduce others which 

have to be solved before the full benefits of Group Technology 

can be realised, 

Operators and supervisors may not be able to provide the 

increased flexibility necessary to fully exploit Group 

Technology. The need for flexibility can be lessened by 

designing larger cells and by good support from production 

control. However, many benefits may still be lost if 

sufficient flexibility cannot be obtained. 

The faster reaction time required from Group Technology 

based manufacturing systems places a greater emphasis on good 

marshalling of resources and speedy solutions to problems of 

Operator absenteeism and machine/tool breakdown, 

In a Group Technology situation, control of production via 

the management of inter-operation job queues may no longer be 

possible because the queues are too short. There are also 

new shop floor routing and job sequencing problems to solve, 

all of which may pose problems for a conventionally designed 

production control system. 
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The new organisation may necessitate changes to the type, 

distribution and timing of information provided by the 

production control system. 

It has been shown that a conventionally designed production 

control system can be modified to accommodate the particular 

needs of Group Technology. 

An algorithm has been developed to enable the computer to 

solve the problem of routing jobs and information in a cellular 

organisation with minimal changes to existing data describing 

machine functions. The algorithm enabled an otherwise massive 

Program of modifications to an existing bank of production 

control data to be brought well within manageable bounds. 

The production control system was strengthened to provide 

better support for: balancing demands on flexibility by good 

capacity planning and scheduling aids; marshalling materials 

and tools prior to commencing production; aiding job sequencing 

to reduce setting times and avoid machine interference; 

performance measurement and the management of cells as businesses. 

An appropriately designed computer based information system, 

properly keyed into an effective routine management process, 

can do much to maintain the effectiveness of a manufacturing 

system, 

It is important for an information system to provide performance 

measures which relate to the key objectives of the area which 

it is supporting. Although existing information may already 

be provided on productivity and financial performance, in the
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Group Technology situation it is important to measure 

thru-put time and delivery performance. Pictorial presenta- 

tion of performance measures is effective and can be achieved 

by conventional computing facilities and algorithms which 

were developed as part of this research. 

The modified production control system provided a bridge 

between the new cellular shop floor organisation and support 

areas of production control, methodization, estimating and 

accounting which could not be reorganised at the same time. 

In some cases, it may not be desirable to change too many 

parts of a company's organisation and systems at once. 

Because the effects of Group Technology can be so widespread, 

it is important to provide a means of linking the areas where 

implementation has taken place with areas affected by the 

implementation, but which have yet to be reorganised accord- 

ingly. A computer information system can provide this bridge 

and thus generate the means for the more gradual spread of the 

new principles round a company and the avoidance of problems 

that might otherwise occur. 

In designing manufacturing systems an organisational solution 

to problems should be sought before attempting an information 

systems solution. 

The dependence of a company on its existing systems may have 

important ramifications for the implementation of Group 

Technology. The strength of the existing systems links with 
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25. 

26. 

eh. 

28. 

cont'd. 

the organisation may mean that modifications to the systems 

and the necessary re-training of the staff using them imposes 

high costs and long delays on the installation project. For 

this reason, adapting existing systems and providing bridges 

seems to be a better approach than re-designing from scratch 

or bringing in a new system on a “package deal" basis. 

There are particular problems associated with the introduc- 

tion of Group Technology into a complex multi-product company. 

These problems centre on difficulties of introducing changes in 

the areas suited to Group Technology without causing damaging 

effects in other areas unable, unsuited or unwilling to adopt 

the new methods. A particular problem is that of operator 

payment, 

Because Group Technctos) is most suited to the production of 

components, in the complex company, it is most likely to be 

implemented in areas which are suppliers of other areas 

assembling finished products. Good systems links between 

component suppliers and users are important if the better 

thru-put time and delivery performance achieved by virtue of 

Group Technology is to be properly reflected in a reduction 

of stocks and work-in-progress. 

It is important to strengthen the systems links between 

component design and manufacture if the full benefits of 

component variety reduction are to be realised. 
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29) 

30. 

31. 

32. 

It was shown that in the company studied, there was an 

important conflict between the production and problem solving 

roles of the area where Group Technology was implemented. 

The conflict undermined the effectiveness of the area, the 

relationships between the staff involved and the effectiveness 

of the production control system. The conflict caused extra 

difficulties and delays to the project to install Group 

Technology. 

The full cooperation of all staff liable to be affected by the 

implementation is important if maximum benefits are to be 

obtained from the new system. Of particular importance are 

Operatcrs who have to provide greater flexibility of working 

and supervisors who have to cope with the threat to their jobs 

posed by autonomous cells. 

At the working level, considerable efforts should go into 

building trust and understanding between management and the 

shop floor. Efforts should be made to reduce the threat of 

Group Technology by relating it in more familiar terms of 

changes to shop floor layout and the production control system. 

In Group Technology, it appears that groups of products, parts 

and machines are often the primary consideration whereas, 

in other industrial group working situations, people have a 

greater relative importance. A better balance between the 

needs of people and the perceived efficiency of the system 

might produce more effective results. 
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33. 

34. 

35, 

36. 

Group Technology provides the means for tackling poor parts 

standardization via parts family manufacture and sequence 

technology and for improving standardization via design 

retrieval based on component classification. 

Component classification systems are not yet ideal. A 

particular difficulty is the manifold requirement for a 

classification system in Group Technology viz. to support: 

organisation design and maintenance; parts family manufacture; 

job sequencing and routing in the new organisation; and 

information retrieval to improve parts standardization. 

Classification systems appear best suited to support standardiza- 

tion and parts family manufacture. The case for classifica- 

tion systems as the optimum basis for fulfilling the other 

needs has yet to be proven. 

The extent of the changes required to fully exploit Group 

Technology and the magnitude of the benefits to be obtained 

warrant a strong link between the implementation project and 

top management. If this link is broken or changed signifi- 

cantly during the project, important changes to the direction 

of the project may ensue which can delay the implementation. 

An industrial experiment that will truely establish that 

improvements in performance are specifically due to the 

implementation of Group Technology may be difficult to design 

and conduct, 
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37. 

38 

39, 

The problem of justifying the start or continuation of a project 

to implement Group Technology can be eased if a computer can 

be used to provide the necessary data from that collected to 

Support existing systems. Not only is the data collection 

task reduced, but also, Hawthorne effects may be minimised. 

Whilst the implementation described in this thesis was only 

partially complete at the time of writing, significant 

benefits were demonstrated and opportunities for future develop- 

ment identified. 

A total view of the manufacturing system is important in 

an implementation of Group Technology, which should take ght 

account the complexity of the relationships between people, 

machines, parts and information systems in achieving the 

objectives of the business concerned. 
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APPENDIX 1 

THE HUIZEN SYSTEM 

The purpose of this appendix is to describe the Huizen System and 

its related management processes. A fully detailed description is 

not given, but an attempt is made to give enough understanding both 

of the system to support the arguments for the modifications described 

in Chapter 6 and of the data that was used in the analysis described 

in Chapter 5. 

Figure 62 shows the main events in the production control process. 

10 parts of the organisation inter-related with the system: 

* Manufacturing Division's Production Control, Customer 

Liaison section who negotiated with the Customer 

Division on promised delivery dates on the basis 

of the known load in the system and: the customer 

requirements 

* Manufacturing Division's Methods Engineering ("Planning") 

section who detailed the methods necessary to manufacture 

each part and decided to which machine group the jobs 

should be loaded during the manufacturing process. 

Theyalso specified the material to be used in type 

(from the drawing) and quantity 

* T.E.0's estimating section who worked out the standard 

time (set and run) for each operation 
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Manufacturing Division's Scheduling Section who 

decided on the due dates for completion of individual 

operations on each job with reference to the due date 

agreed with the custoner 

Manufacturing Division's Data Preparation section 

who punched data onto paper tape and liaised with 

the computer department. They also held the files 

of data previously input to the computer 

1.S.A. department who transcribed the information on 

paper tape onto magnetic tape for input to the computer 

and who ran the Huizen system 

Manufacturing Division's Production Control Progressing 

Section who loaded jobs to the shop floor and managed 

their progress until delivery was achieved 

Shop floor staff who returned data on time taken, 

quantity passed to the next operation, etc. 

A system liaison officer who was responsible for managing 

the allocation of production group numbers (signifying 

groups of similar machines) and "trouble shooting" any 

technical difficulties with the system by liaison with 

the I.S.A. department 

Accounting staff who used the data provided on times 

taken to compile "job costs" which were required by 

some customers. 

The data needed to run the system was kept in 5 files. 

aa Drawing files containing drawings of all parts which 

were being or had been previously made by Manufacturing 

Division in drawing number order 
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* Master layout files containing a copy of the 

manufacturing instructions and the paper tape 

used last time a job was made. Master layouts 

were held in drawing number order 

* The computer master file on magnetic tape containing 

all data necessary for the computer system to run 

on current jobs and data on time taken, start and 

finish dates and quantities passed to the next 

operation for each completed operation. For the 

order and structure of this file see below 

* Work packets containing the drawing, the manufacturing 

instructions and punched cards for the return of 

data from the shop floor. One work packet was 

produced for each job and accompanied the job throughout 

the entire manufacturing process 

* The "dead layout file" containing the job instructions 

on completed jobs. Comments were written on the job 

instructions as the job progressed and the "dead" 

layout was used to answer customer queries after the 

job had been delivered. 

The computer system followed standard "first generation" (tape 

based) design practice. The system was based on one "master file" 

containing all the data on every job "in the system". The master 

file structure is shown in figure 64. It will be seen that data 

pertinent to each job was structured into a sequential series of 

records as follows: 
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* The "Header Record" containing details of the 

job starting with the job number and going on 

through such details as the quantity due to be 

delivered, the allowance for scrap, the planner 

responsible for detailing the instructions, etc. etc. 

* "Operation Records" (one for each operation in 

sequence) containing detailed manufacturing 

instructions, set run and calculated total load 

times for the operation, due start and finish dates, 

the machine group on which the job was to be run, 

any special tools required, etc., together with 

space for recording actual performance (start and 

end times) and the clock numbers of the operator 

performing the operation 

* A material record containing a specification of the 

material and quantity required together with the 

date when the material was needed, 

The data fields within the records were similarly organised, but not 

identical. The system designer had clearly attempted to follow the 

same basic record structure for all records departing from this only 

when he had to. Space was allowed for further unspecified data by 

the provision of "filler" fields left blank until future modifications 

to the system might require their use. Some data was duplicated in 

different parts of the records to minimise processing time. 

The file was held in job number order, the job number being a composite 
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of the "works order number " (indicating the Customer Division and 

product, authorising expenditure and against which costs would be 

collected), the drawing number and batch number. 

Processing was strictly sequential and required about 8 hours 

per week to process the data on about 3000 jobs. Core required was 

limited to 64K 8 bit words. 

The system followed for data input depended on whether or not 

Manufacturing Division had made the part before. A description of 

the process appropriate to a new job will be given, followed by indi- 

cations on the changes to the process if the job had been made before. 

Step 1 Customer Liaison - Input 

Customers would approach Manufacturing Division armed with a works 

order number, a full set of drawings for the parts they neededand a 

list of the quantities required obtained from the P.D. system (see 

section 4.4.2). After studying the drawings in conjunction with 

the Head of the Planning Section, the Head of Production Control would 

estimate the total load represented by the job and negotiate a 

delivery date on the basis of the known existing load (provided by 

the system on a tabulation formulated as shown in figure 43) and his 

estimate of the load represented by the new joh. 

Step 2. Initial Data Input - Material Ordering 
  

Having obtained agreement on the due date, a Planner would open a 

layout form (see figure 65) and supply basic data on the job and 

the material required. The form would then be passed to Manufacturing 

Division's data preparation staff who would punch a paper tape from 

this information on "Flexowriters". The information would be passed 

to the computer which would consolidate the information on all new 
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jobs submitted onto a weekly tabulation listing the material 

required (see figure 66). The Production Controller's Material 

Control Clerk would check material stocks and order any new material 

requirements via a Purchasing Department Instruction form. 

Step 3. Methodization 

The master layout form and the drawing would be passed back to the 

Planning Section who would detail instructions for each process 

Necessary to complete the part and decide on what machine group 

each process should be conducted. Any special tools were listed 

at this point and the requirements communicated to the Tool Room 

in Manufacturing Division (see below and figure 67). 

Step 4 Standard Times 

The master layout and the drawing were then passed to the T.E.0. 

department where standard times (set and run) were worked out and 

added to the form. 

Step 5 Scheduling 

The completed layout form was then passed to the Production Control 

Section who decided on the due dates for each operation with respect 

to the due date for delivery of the completed part and on any neces- 

sary down batching with reference to the existing load and operation 

times per machine group. 

Step 6 Computer Input 

The layout form was transcribed onto paper tape by the Data Prepara- 

tion staff and then onto magnetic tape and into the computer. The 

Huizen system contained two levels of screening programs: one to 
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check for invalid characters and pari:ty errors and another to check 

that certain specified fields were within allowed ranges. Any errors 

were passed back to the Data Preparation staff for correction. The 

completed information was matched with the job and material data 

already input by means of the job number. 

Step 8 Material Progressing 

Each week the entire system was run twice, but not all the tabulations 

were generated at each run. In particular, the major progressing 

document was generated once each week. This document was known as 

the "work issue list" - see figure 45. The work issue list contained 

details of each operation on all jobs from 4 weeks before their due 

start date until they were recorded as delivered. An indicator 

showed whether material was available, being set by return of a 

"material ready" punched card to the system when the material arrived. . 

Any jobs "held" for lack of material and hence unable to start their 

first operation would have their "material ready" indicator shown as 

zero. Each week a progress clerk chased any material needed within 

the next few weeks on the basis of the information on the work issue 

list. 

Step 9 Shop Loading 

Each week, the computer would generate a set of pre-punched cards 

for all jobs due to start 4 weeks hence. The cards were: 

* A material ready card 

* A start card for each operation 

* A finish card for each operation 

* Three "remarks cards" for notifying any particular 

reason for a job being held up at a particular 

operation - e.g. tool failure 

* 2 delivery cards. ~ 162 =



  

The cards were sorted into operation order and placed in a wallet 

with a copy of the operation instructions generated at the same 

time as the cards (see figure 68) and a copy of the drawing retrieved 

from the file. The "work packets" as these jobs were known, were 

then stacked according to the due start week and the machine groups 

where they were to be worked on. Each week the "shop loader" 

distributed the work packets due to start and re-distributed jobs 

that had been completed by one section, together with the part- 

finished items, to the next section shown on the operation instructions 

using the work issue list as his overall guide. 

Step 10 Manufacture and Data Recording 

Operators either collected a new job from the waiting stock of work 

packets or the trays of work-in-progress. Their first action was 

to punch the start card for return to the computer. The start card 

contained details of the job and operation to be started and the 

"clocking" action recorded the start time of the job, The operator 

would set up his machine and run it to complete the operation. Once 

completed, the operator would record the mumber passed to the next 

operation on the "finish card" together with his clock number and 

"clock off" the job. 

Step 11 Progressing 

The work issue list (figure 45) was the prime document used for 

progressing as well as details describing the job and the operation 

immediately due, the previous and next machine groups processing the 

Job were shown, The work issue list was shown in order of the due 

week of the current operation. The other printout used for progres~ 

sing was known as the "micropert" (see figure 49). The micropert 
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was printed in job number order to group jobs by Customer Divisions 

A list of the machine group numbers to be visited by the job before 

its completion was given (any completed operations were shown as 

dashes) together with a pictorial representation of the state of 

progress against the delivery schedule. The "micropert" was easy 

to read and gave an immediate picture of any late jobs liable to 

slip beyond the due date. The micropert was the prime document used 

to liaise with customers when jobs slipped or re-scheduling was 

required by either Manufacturing Division or the customers for 

other reasons. 

Step 12 Inspection 

After completion of manufacture, jobs were inspected to ensure that 

they met the specification. Any rejects were either repaired by 

"sideways loading" - negotiated between the inspector and a supervisor 

direct without notification to the system or rejected for replace- 

ment by a new batch after Production Control had been notified and 

had made appropriate negotiations with the customer. The quantity 

passed for delivery was marked on the delivery card which was stamped 

by the inspector who also sent the operation instructions to the 

dead layout file and the drawing, back to the drawing file. 

Step 13 Delivery 

The job was sent to stores with 2 delivery cards. The first card 

was kept with the job for eventual use by the customer, the second 

card was used to up-date the stock records and was then returned to 

the computer. On receipt of the delivery card, the computer would 

delete the data on the job from the master file and hence from any 

future tabulations. 
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Step 14 Performance Measures and Job Costing 
  

Each week a tabulation for each machine section was produced showing 

the achieved productivity, which was computed by comparison of the 

standard and actual times for the operations (see figure 53). The 

standard time included a percentage learning allowance (computed from 

a look-up table) dependent on the batch size and credit was given for 

work on which no proper standard time was available at an agreed rate. 

The actual times were accumulated under each works order number and 

the total charge notified to the accounts department each month on 

an "Admin. Routines" report. The job cost was worked out as simply 

the product of the hours worked and an hourly charge inclusive of 

wages, salaries and overheads, and an allowance to recover capital 

and space employed in the manufacturing process. 

In cases where Manufacturing Division had made particular parts before, 

the planning and estimating stages were omitted, unless the Production 

Controller felt that re-planning was called for. The master layout 

and paper tape used the last time the job was made, was retrieved 

from the master layout file and after any appropriate amendments, 

particularly to the due date, transcribed into the computer. The 

Huizen system contained a facility for automatically amending all the 

operation scheduled dates according to the new due date and the time 

lapse between the old and new due dates. 
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ILLUSTRATION OF COMPONENT FAMILIES 
FIGURE 1 
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FIGURE 4 SIMPLIFICATION OF MATERIAL FLOW WITH GROUP LAYOUT 

COMPLICATED MATERIAL FLOW SYSTEM (FUNCTIONAL LAYOUT) 1. 

 
 

 
   

   
  
 

SIMPLE MATERIAL FLOW SYSTEM (GROUP LAYOUT) 2) 
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FIGURE 6 GROUP TECHNOLOGY AND ORGANISATIONAL CHANGE 

METHODS GROUP 
TECHNOLOGY 

CHANGES 
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FIGURE 8 A MODULE OF SWITCHING ELEMENTS 
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FIGURE 16 

  

SPECIFY PRODUCTS 
TO BE 

ANALYSED     
  

PHASE 1 PROJECT PLAN 
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TO DATA BASE 
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MENTATION SYSTEM TO 
SPECIFY COMPONENT 
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FIGURE 17 

INTERROGATE DATA 
BASE TO SPECIFY 
COMPONENT FAMILIES 
  

PHASE 2 PROJECT PLAN 

  

DEVELOP GROUP 
TECHNOLOGY CONCEPT 
& PROPOSE POSSIBLE 
NEW ORGANIZATIONS 
  

KEEP ALL AFFECTED 
STAFF INFORMED OF 
PROGRESS 

  

  

ANALYSE LOADING 
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NEW ORGANIZATIONS 
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TO REFINE ABOVE   DEVIZE IMPLEMENT- 
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SYSTEMS   
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FIGURE 18 OUTLINE PHASE 3 PROJECT PLAN 
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FIGURE 29 OPTION 2 OUTPUT FROM THE LOAD ANALYSER 
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Analysis by Items - Sample Size Total = 982 Non-Rotational = 253 
Yoages quoted are of the Non-Rotational Items 

% In Range | BY SIZE - As Given by G.T.C. Digit 6       
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FIGURE 31 AS FIGURE 30 BUT BY WORK CONTENT 

Analysis by Hours - Sample Total 27910 Non Rotational 14865 Hours 
and People 19.4 10.3 People 

N.B. This Analysis Assumes that Each ttem is Manufactured in One Batch 
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FIGURE 32 ANALYSIS OF NON ROTATIONAL ITEMS BY MACHINE TYPE 

Analysis by Machine by Material - Sample Total 27910 Non Rotational 14865 Hours 
1, Non-N.C. Items 19.3 10.3 People 
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‘ FIGURE 33 EFFECT OF DE-BATCHING 

Analysis by Machine Type -Sample Total 27910 Non Rotational 14865 Hours 
19.4 10.3 People 
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FIGURE 34 LOAD CHARACTERISTICS OF THE MILLING CELL 

Components All those opitz code Ist Digit op 6, 7 or 8. 

Typical components:- BLOCK SHAPES and CASTINGS. 

Work Load for 3 Operators :- 3 Universal Millers 

or 2 Millers and } Driller 

Machines Required 2/3 ABENE UNIVERSAL MILLS 

SMALL UNIVERSAL MILL for slotting etc. 

MULTI SPINDLE DRILL & TAPPING MACHINE 

SINGLE SPINDLE DRILLS 

TAPPING MACHINES 

BENCH for DEBURR and INSPECTION 

TUMBLER or perhaps a small ROTO-FINISHER e
e
e
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Components: All those wi th Opitz Code Ist digit of 0 orl under |’ diameter. 
Typical shape bushes and spacers. 

Work load for 4 operators. 

Machines required: a 
! 
| 
| 
| 
! 
| 
| 

FIGURE 35 LOAD 

Operators 
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Siaihless 
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Mild Stee 

Turn   
2Turners, | Capstan Setter Operator, |: Driller. 

Conventional Centre Lathes (C.V.A.) 
Reverse Operation Lathe 
Small Capstan 
Small Universal Mill 
Multi Spindle Drill 
Single Spindle Drill 
Bench for inspection and deburr 
Tumbler (deburr) 

CHARACTERISTICS OF: TURNING CELL A 

Mill Drill Grind Deburr 
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FIGURE 36 LOAD CHARACTERISTICS OF TURNING CELL B 

COMPONENTS All those witn Opitz Code Ist dieit of 2, 2 or 4. 
All components over |"’ diameter. Typical shape shaft or spindle. 

Irregular shapes, e.g. castings, bar stock over |’’ diameter. 

Work load for 4 operators. (3 Turners and | Miller/Driller) 

Machines Required: | Cazeneuve Lathe (Large) 

2 Centre Lathes. |’’ diameter capacity 
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PARETO ANALYSIS OF CELL LOADING FIGURE 38 
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FIGURE 42 
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FIGURE 51 FLOW DIAGRAM OF THE THRU-PUT TIME CALCULATOR 
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FIGURE 61 COMPARISON OF EXISTING DESIGN PROCESS WITH A SUGGESTED 

ALTERNATIVE TO IMPROVE PARTS STANDARDIZATION 

1, EXISTING PROCESS 

       

  

    

  

MECHANICAL, 
DESIGN 

    

NOTES 

1, Electrical and mechanical design usually 3. 

loosely linked at concept stage. 

2. Schematic and detail drawing done by 4. 
different draughtsmen. 

2. PROPOSED PROCESS 

ELECTRICAL DETAIL 
DRAWING 

STANDARDIZATION 

NOTES 

1. Reorganize to site Mechanical Designers . 6. 
in Electrical Laboratories. 

2. Mechanical Designers to do schematic 

  

    

drawings and to apply geometric code to Ze 
items designed. 

8. 
3. Technical Clerk to assist Mechanical 

Designers and to check that all parts have 
geometric code applied before detailed 
draughting commences. 

4. Mechanical Designers and Technical Clerks 9, 
to have access to computer / microfilm drawing 
library organi 

  

by geometric code, stock 
‘erred components, cost/ tole 

  

book of 5 

  

curves, machine capability information. 

5. Technical Clerks responsible to Head of 

Standardization for enforcing parts standard- 

ization. =) 250 ~ 

DRAWING 

  

   
DETAIL TO 

FILE 
   

WEAK LINKS 
  
STANDARDIZATION 

Conceptual design and drawing are done 
by different parts of the organization. 

No geometric coding used. 

TOFILE -> 

No parts detailed until head of Standard- 
ization approves design as making proper 
use of standard parts. 

Only non standard parts drawn. 

Vetting process, after parts standard- 
ization and drawing of non standard parts, 
to ensure that no non standard parts are 
used where a standard alternative is 
available. 

Drawing of blanks showing standard 
components with options on dimensions 
available. See Figure 60.



FIGURE 62 MAIN ELEMENTS OF TH E HUIZEN SYSTEM BEFORE 

MODIFICATION TO ACCOMODATE GROUP TECHNOLOGY 
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FIGURE 63 MAIN ELEMENTS OF THE HUIZEN SYSTEM AFTER 
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