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En. Boe ew aos 

Many production engineering firms today have different 

interpretations of the meaning of the words - Group Technology. 

A firm wishing to improve its design function and drawing 

office system does so by classifying and coding all of its com- 

ponent drawings and claims that it has introducted Group 

Technology. Another firm wishing to reduce throughput times 

and work in progress on the shop floor rearranges its machine 

layout into cells and consequently boasts of implementing 

Group Technology. Others, looking for a better employer- 

employee relationship decide to give.the workers greater job 

satisfaction or enrichment and do so by broadening their range 

of tasks, raising and lowering the degree of skill required in 

their work and in so doing state that Group Technology has 

been employed to improve the lot of the worker and make them 

more contented employees. 

Nobody can argue that the above claims are not true, but each 

one is a limited approach to Group Technology. 

Group Technology has been acclaimed by many as a manufacturing 

technique and in fact when the ‘limited approach' is applied, 

this is the case. The word 'technique' is generally used to 

describe, the best ways and means of performing a given task 

in a specific area. As Grovp Technology is applicable to all 

engineering functional areas it is best described as a system} 

a system consisting of a number of techniques which facilitate 

its implementation in specific areas of engineering. 

The "systems concept" of Group Technology is widely ascribed to 

today and academics, consultants and experienced users are



propounding to this approach when looking for the ultimate 

benefits which Group Technology can derive. Firms a being 

encouraged to look further afield than the particular trouble 

spot they wish to eliminate to see what the wider implications 

are and if modifications at this time will ensure a smooth 

flow on to other departments not being considered at this 

moment. The systems approach to Group Technology is by far and 

away the most profitable and beneficial and the only one which 

allows for complete homogeneity across the organisation. 

With a smooth running system operating in a firm, the much 

publicised benefits of Group Technology, namely, reductions in 

work in progress, finished stocks, and throughput times and 

the achievement of reliable delivery dates automatically follow. 

The climate is then set to introduce, expand, refine and improve 

various techniques which will still further increase and ultin- 

ately maximise profits. Such techniques as, component stand- 

ardisation, variety reduction in design, machine loading, labour 

flexibility in cells, the use of pre-set tooling, specially 

designed machine tools, jigs and fixtures in manufacture, and 

new methods of stock control and marketing by management, to 

name but a few, can be investigated as possible areas of improve- 

ment once a Group Technology system has been firmly established.



SUMMARY 

This thesis outlines the approach to Group Technology by 

the application of a Classification and Coding System 

Practical surveys have been carried out and these surveys 

illustrate the techniques used, the codes developed, 

methods of analysis, conclusions reached and lastly 

recomendations made for future work. 

In addition to the practical report, a comprehensive 

literature survey is included, detailing all aspects of 

Group Technology, from methods of implementation to a full 

description of its benefits and effects on industry. Wide 

use is made of flow charts, photographs, drawings and 

tables to support the text and thus present as clear a 

picture as possible. 

Appendix includes a Group Technology Questionnaire which 

was distributed to some 180 firms in the U.K. and on the 

continent. Details of results of this questionnaire are not 

available at the time of writing, but indications are, that 

approximately 25 to 30 percent will be returned.
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INTRODUCTION. 

The Need for Improvement in Manufacturing Methods. 
  

Since the last world war and the subsequent re-establishment 

of manufacturing industries in countries like West Germany, 

France, Italy and Japan, together with the birth of new 

industries in developing countries like Spain, Portugal, India, 

China and South-East Asia, the world's markets have been flood- 

ed with all kinds of manufactured articles at increasingly 

competitive prices. Great Britain has always been one of the 

world's greatest secondary producing nations backed up by an 

inheritance of technological skill second to none. However, 

the pressure of competition placed on British industry by the 

above development has created problems of survival for many 

firms which are poorly managed and are in the lower end of 

the profitability scale. 

Worker unrest, the desire to constantly improve standards of 

living and keeping pace with the rate of inflation have led 

to wage demands and strike action which has brought ruin to 

many British companies. 

The combination of the above problems has forced many firms to 

desperately seek ways and means to meet the workers! wage de- 

mands as well as answer the challenges from overseas competit- 

ors on world markets, 

Accompanying the above general problems are the real ‘in house', 

everyday production problems which have to be either solved or 

attended to so that the firm may function in a normal manner, 

Two of the most acute of these problems are, 

(a) Long and un-reliable throughput times. 

(bo) Excessive work-in-progress stock.



1.2 

1.3 

Solving the Problems. 

Many firms in dire need have obtained Government aid and 

changed their overall philosophy from one of ‘management v's 

worker! to a 'total worker participation' approach. It is 

thought that this total involvement of the shop. floor personnel 

will eliminate strikes and unrest and that the injection of 

Government money will enable investment in plant and new 

techniques which these firms so badly need to meet the stand- 

ards and prices of their competitors. Whether this approach 

is successful or not, only time will tell as it has cay bees 

in operation for the last twelve months. 

In the past, little has been done which offers a solution 

to the above problems of throughput times and work-in- 

progress, An approach which is gaining favour in this respect, 

and also involves 'worker-management! participation is the 

restructuring of manufacturing facilities to streamline and 

control production - Group Technology. 

Extent of this Investigation. 

The latter of the two approaches menticned above is generelly 

preferred by those companies who are in no real danger of 

collapse, but in foresight wish to avoid any possibility of 

facing the problems mentioned previously and at the same time 

enjoy increased profitability and harmony with their workforce. 

Two such companies are Hawker Siddeley Aviation Ltd., Manchester, 

and The Bronx Engineering Co. Ltd., Lye, Stourbridge in Worces- 

tershire. The former is one factory of a number which combine 

to form one of the largest aircraft manufacturing corporations 

in the world. The latter is a medium size company which manu- 

factures a wide range of machines for use in the steel processing



industry. 

These companies approached the University of Aston independ- 

ently, to carry out surveys on the feasibility of implement- 

ing Group Technology and this report deals with the investig- 

ations, conclusions and recommendations made as a result of 

a classification and coding and production flow analysis of 

component samples taken from the drawing files of both firms.
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GROUP TECHNOLOGY. 

Historical Development of Modern Group Technology. 
    

The beginning of modern day Group Technology is generally 

attributed to the Russians and in fact it was traced as far 

back in Russia, as the 1920's by Grayson. In 1930 

Sokelovsky~ introduced ‘type technology' which identified a 

given set of related parts by their processing and operations 

sequence, the initial material size and form, and the machines, 

tooling and fixtures required to produce them. Type technol- 

ogy was a major step towards modern Group Technology and was 

improved on during the war years. In 1989 Mitrofanov? 

published his much acclaimed work on Group Technology which 

was subsequently translated into English and published in 

isé6l, 

An early approach used by the Russians to Group Technology 

was to bring together similar parts that could be machined on 

& single machine tool using a fixed tooling set-up, This 

method became known as the complex or composite component 

approach. It was based on the idea that a machine could be 

tooled to produce a component of a certain complexity, whilst 

the same set-up would also be capable of producing a number 

of components of lesser complexity than the complex component. 

Thus a family of parts could be established which was capable 

of being produced on any given machine tool with a certain 

basic tooling set-up. Such a family for production on a 

capstan lathe is shown in FIG.21. 

In the early 1960's Professor Opitz of the Aachen University 

in Fast Germany broadened the scope of Group Technology with 

his studies on Workpiece statis tiger. Opitz and his team 

h



carried out research within twenty-five firms in industry and 

this resulted in @ detailed analysis of the components being 

produced within these firms. It was found that althovgh the 

firms manufactured a variety of products, the component 

spectrum of each was remarkably similar. An analysis of their 

similarities produced further interesting data such as, 

(a): 70s of all components were rotational. 

(bo) 80% of parts were less than 200mm in diameter, 

whilst the capacity of most machines producing 

them was greater than 200nm0 diameter. 

(c) Only 22% of parts required threads and practically 

all machines were capable of produc ing threads. 

Many other findings concerning workpiece statistics were 

revealed in Opita's work. 

His investigations carried out over 4 period of several years, 

led to his publication of a classification system which pro= 

posed to define the form geonetry of machined components. 

This system is widely used today as one of the initial steps 

taken towards Group Technology implementation. It is freely 

available and js published in many Languages including Engish°; 

FIGS. 2-2 to 2-10 jliustrate PART 1 of the system. 

The growth of Group Technology in Great Britain began signif- 

icantly after Opitz's work was published and today there are 

some 100 firms who have implemented it either partially or 

wholly with varying levels of succesSe Perhaps the most famous 

and certainly one of the most successful users of Group Teche 

nology is the firm of Serck Audco, who over a period of ten 

years from 1961-1971 made a complete change over %o Group 

Technology. An account of this transformation is given in a 

book by G.M. Ranson. This exercise, based on the Brisch 

classification system, FIG. 2-11, provided an outstanding 

5
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example to the remainder of British industry of the benefits 

which could be realized by the 'systems approach! to Group 

Technology which followed. 

Another later example of the potential which Group Technology 

offers to the ailing firm, was the introduction to erodes 

in 1968-70. This application showed how throughput times and 

work-ineprogress could be cut by as much as 8 to 1, compared 

with the previous system)0?++, 

Other well lmown firms such as Ferranti Ltd.?+, Thomas Mercer 

21 Rolls Royee’?, G.sE.C.-Elliott Control Valves Ltd.74, Ltd. 

Mather and Platt Ltd. 3, and Baker Ferkins ita,*?: successfully 

implemented Group Technology in the late 1960's. 

In recent years, two outstanding examples are provided by 

Herbert Machine Tools’, and Rank Xerox’? ; both of which clain 

to have realised all the publicised benefits from their app= 

lication. Many of the above firms are continuing to expand 

and improve their system, even though the present unfavourable 

economic climate resulting from cash-flow problems, rampant 

inflation and continuous worker unrest, is wmdoubtedly relegat- 

ing such expansion to minor proportions. 

Modern Batch Production. 
  

The state of affairs as exists in a functional workshop of 

today needs little reminding to the preduction engineer 

associated with them. 

Here we have a constant flow of wnfinshed parts progressing 

Slowly from one machine to the next and from one machining 

section to another in small batches which have varying orders 

of priority. Those high on the priority list are constantly 

6
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leapfrogging over those of low priority which are being manu-= 

factured to appease the E.B.Q. concept. Intermingled with 

both of these are the specials (one or a few off) which are 

periodically put through on top priority, in order to win the 

approval of a much valued client. These specials invariably 

cost the firm a lot more than they are worth, due to the 

disruption they cause in production, but are a necessary evil 

in today's highly competitive industrial community. 

The E.B.Q. orders quite often take many months in passing 

through production and only serve to contribute appreciably 

to the value of the work in progress, which the firm has, 

cluttering up the all to small storage areas around the 

machining centres. When these batches are completed they add 

to an already overstocked finished parts store, where they 

will probably lie for many months before being called for 

assembly. During this time they increase stores control costs 

as well as occupying valuable space which most factories can 

411 afford and which usually carry high overhead costs, 

The haphazard routing of work through the various machining 

sections necessitates constant stripping down and setting up 

of tooling on machines to suit the different machining operate 

jons called for by the multitudinous variety of components 

passing through. The result is, that metal cutting times are 

low, whilst setting times are very high, Skilful scheduling 

can alleviate some of these problems, but there is always the 

unforseen top priority job which can disrupt the best of 

planning. 

The Advent of Group Technology. 
  

Since the days of the Industrial Revolution, firms have
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struggled with the catiiand associated with the functional 

layout of machines, accepting that these problems were a 

necessary ‘evil! and something which had to be solved as 

part of the every day duties of a good production engineer. 

So universally accepted was the functional layout that any 

change proposed was either too insignificant or offered 80 

little improvement as to be quickly discarded. Thus the 

functional system has been perpetrated through the decades; 

decades which have seen great changes in other areas assoc- 

jated with industrial activities. These changes have been 

influenced by developments in areas such as transport, 

communication, process technology and all of these aided 

by the even greater development of computer technology. 

One can well wderstand that even the most irrational thinker 

wouldnever have thought of changing the layout of a whole 

factory to solve the problems associated with the functional 

layout, when one considers the large number of machines 

involved as well as the resulting shut down necessary to 

make a complete change over. Group Technology started in a 

very small way commencing with a single machine concept and 

later extending to a small group of machines. It was only 

as a result of the great benefits which this small beginning 

indicated that experimentation developed over a period of 15 

years leading to large machine groups, then to complete 

cellular layout, then flowlines and lastly to the systems 

concept where the ultimate in Group Technology benefits can 

be realised by the firm which is far sighted enough to imple- 

ment it. 

Definitions. 

What then is Group Technology? Many and varied are the



interpretations, but all seem to point towards a common 

goal; the achievement of production targets in the 

shortest possible, reliable times by the cheapest, most 

efficient and soul satisfying means. 

Definitions of Group Technology have arisen from the work 

of consultants and engineers who have been associated with 

its implementation into industry. A few of these will 

suffice to explain the meaning of the term. 

Ransom in his back defines it as, 

'The logical arrangement and sequence of all facits of 

company operation in order to bring the benefits of mass 

production to high variety, mixed quantity production’. 

Thornley states", 

1A method of achieving some degree of mass production 

technology in the batch production jndustry. It is a 

technique which enables the benefits of large batch 

production to be extended to the manufacture of small and 

medium batches'. 

Gallagher and Knight in their poek~"; describe it as, 

'A technique for identifying and bringing together related 

or similar components in a production process in order to 

take advantage of their similarities by making use of, for 

example, the inherent economies of flow-production methods. ' 

How Group Technology is implemented, varies in many ways and 

successful applications can be found using all the published 

: 8 
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widely published in both seminar 

METHODS OF INTRODUCING GROUP TECHNOLOGY. 
  

It is certain that the introduction of Group Technology into 

& company requires a lot of prior thought and planning before 

the actual reorganization of facilities can take place. A 

resume of the more common methods used in its implementation 

is now given, followed by a detailed description of the 

recommended procedure. 

Production Flow Analysis (P.F.A.) 

This technique, proposed by Professor J.L. Burbidge, has been 

15 and book forn!©>17, PsP Re; 

as it is called, is used for finding families of components 

and associated groups of machines for cellular layout. Route 

cards, which show operations and operation times, machines and 

departments visited are prepared for each component together 

with detailed listingsof all plant used in manufacture, Analy- 

sis is then carried out in three stages:- 

(a) Factory Flow Analysis - which finds the division 
of departments and the allocation of plant and 
components to these departments, which will provide 
the best material flow system. The analysis is 
carried out in nine (9) main steps, vizt- 

  

1. Divide into departments. 
2. Allocate plant to departments and find the 

usage frequency. 
3. Determine the Process Route No. (P.R.N.) for 

each part. 
. Analyse the parts by P.R.N's. 
5. Draw a basic flow chart. 
6, Determine which parts are exceptions. 
7. Eliminate the exceptions. 
8. Check machine loads. 
9. Specify the standard inter-department flow 

systems. 

(b) Group Analysis ~ aims to divide the components al- 
' ready allocated to each department into families, 

and divide the plant allocated to each department 
into groups, in such a way, that each family is 
completely processed by one group only. The analy- 
sis is carried out in eight (8) main steps, as 
follows: 
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Renunber operations on route cards. 
Sort identical routes into packs. 
Draw pack/machine chart, FIG. 3-1. 
Find families and groups, FIG, 32, 
Check load and allocate plant. 
Investigate and eliminate exceptions. 
Specify groups and families. 
Draw final flow system network. D

A
N
A
N
E
 
W
N
P
 

FIGS, 3-1 and 3=2 show the initial pack/machine | 
charts before and after grouping respectively. 

(c) Line Analysis - finds the sequence of layout for 
the machines which will give the nearest approxinat-e 
ion to line flow. Each family of components is 
considered separately and this analysis takes place 
in seven (7) main steps:- 

1. Renumber all operations in sequence, 
2. Draw a machine/operation number frequency chart. 

FIG. 3-3 (a). 
3. Adopt a single digit identification symbol for 

all work centres in the group. 
he Determine the Operation Route No. (0.R.N.) for 

every component in the family and analyse. 
FIG. 3=3 (b). 

5. Draw the group flow network diagram and simplify. 
FIG. 3) (a) and (b). 

Production Flow Analysis is a very useful technique for 

preliminary Group Technology investigation because it shows 

the present state of affairs, in which components are usually 

found to follow a multitude of different paths; the whole 

flow system usually being referred to as "spagetti layout", 

It also accomplishes the three types of analysis outlined 

above but its ability to form machining groups manually, FIGS. 

3e1 and 3=2, in a situation which generally exists in industry, 

where a firm has in excess of 10,000 live components and 

machines numbering more than 100 is well nigh impossible. It 

is claimed that the machine grouping technique in cases like 

this can be solved by computerisation, using an analysis known 

as Nuclear Syuthesian”, but this method is somewhat hazy and 

doubts exist as to its success. 

Factory Flow Analysis, the first stage of Production Flow 

a.
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Analysis is well worth while in any initial manufacturing 

analysis, as it is basically the application of good pro=- 

duction engineering principles and provides an excellent 

base on which to build a Group Technology implementation. 

P.F.A. is a technique which can be applied by any individual 

company without outside assistance. In small firms which 

have a component list numbering a few hundred and a small 

list of say 20 to 30 machines, P.F.A. is a technique by which 

the coma may rearrange its layout and achieve the benefits 

of Grovp Technology without incurring the cost of consulting 

fees, The main danger which lies here, is that the temptate 

ion to "cut corners" when forming cells could lead to a 

situation which would offer little, if any, improvement from 

the original layout. These temptations mainly concern the 

sharing of common facilities between cells such as, 

1. Machines. 
2. Operations. 

3. Inspection Facilities and personnel. 
he Tool, jig and fixture stores. 

"Sharing" tends to strip a cell of its singular identity and 

brings about a lessening of the team spirit, which is generated 

where a celi is completely independent for all its required 

functions. In some cases sharing is unavoidable and it is 

in making decisions such as this that the expertise of a 

consultant is invaluable. However, a well read engineer could 

quite easily recognize the dangers mentioned, avoid them and 

achieve desirable results. 

Component. Flow Analysis-* (C.F.A.) 

This technique is similar to Production Flow Analysis in many 

respects; its main difference being in the method used for 

the formation of component families and machine groups. C.F.A. 

12



uses a manual analysis of computer printouts as the means of 

forming machine groups whereas P.F.A. uses a machine tool/ 

component matrix. 

A thorough examination is made of existing manufacturing data 

and the following recommendations for minimum requirements 

before C.F.A. can commence are as follows, 

(a) Each component has a unique identity i.e. drawing 
number. 

(b) A product explosion into assemblies, subassemblies 
and components. 

(c) Detailed process sheets for each component which 
should contain the following information. 

1. A description of the machining operations ree 
quired to be performed. 

2. The machine tool or equipemt on which each 
operation is to be carried out. 

3. The set-up time required for the machine tool. 
. The operation times. 

(d) A complete plant list with each item of plant 
identified by number. 

(e) A reliable forecast of component demand covering 
a reasonable length of production and not one which 
is influenced by short-term fluctuations from one 
production period to another, 

The above basic requirements are in fact those which are 

specified for P.F.A., and in general, for any investigation 

into Group Technology, these details of manufacturing are 

essential. 

Component flow analysis is carried out in three stages outlined 

as follows:~ 

(a) First Stage.. 

The total component mix is analysed and sorted into 
categories according to manufacturing requirements. 

The factory is divided into a number of broad sect- 
dons, each containing the plant necessary to manvu- 
facture a specific sector of the component mix, 

The analysis is computerised and two listings are 
obtained, one showing the conplexity of machine-~} 
tool combinations required and the other pointing 

13
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(b) 

(c) 

out any similarity in the nature of these combin~ 
ations. 

Second Stage. 
aoa Read 

The second stage involves the manual sorting of all 
components into "rough" groups which fit various 
machine tool combinations. Exceptions are noted 
and investigated for modification so as to fit into 
a "rough" group. Those which cannot be accomodated 

are considered in the third stage of analysis. 

Third Stage, 

The third stage determines the final structure of 
the production system. A study of component flow 
patterns and loads is carried out in order to de- 
termine: - 

1. The best layout of machines to minimise reverse 
material flow. 

2. The number of similar machines required to cope 
with the operator load imposed on the cell by 
the family of components allocated to it. 

22 
It is claimed” that C.F.A. has been used successfully to im- 

plement Group Technology, in two multi-product companies with 

7000 and 1):,000 components respectively. Benefits derived 

are comparable with those attained from other applications 

Vizie 

1. 
fe 
3e 

70% reduction in through-put times. 
A 30% reduction of work in progress. 
A 50% reduction in scrap rate. 

C.F.A. is a technique which is available to companies on a 

consultancy basis and not for their own introduction. 

Classification and Coding. 
  

Introduction, 

Classification and coding is probably the most widely used 

and most successful method of implementing Group Technology. 

The coding of components in itself merely establishes a 

very sound data base from which the formation of component 

families and then the setting up of manufacturing cells can 

proceed. A list of code numbers representing every component 

Ly 
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manufactured within the firm provides an immense pool of 

knowledge about them e.g. geometrical shape relating to 

machining operations, dimensions, initial form, material 

type and other pertinent information which can be ascertained 

by combinations of digits and which may have an effect on the 

design,manvfacture or assembly of the components. 

Classification systems are designed to store component data 

according to the information value alotted to a digital 

system, The digits, arranged in the form of a code number, 

present a block of information about the component when the 

code is interpreted. Because of its digital structure, this 

type of system is easy to manipulate manually, as well as be- 

ing ideally suited to computerisation. 

Classification. 

A short, concise definition of classification is given by 

Risk’ 9 who quotes:~= 

"Science is the detection of identity, and classificat- 

ion is the placing together either in thought or in actual 

proximity of space, those objects between which identity has 

been detected." 

2 » statesie 

"A classification can be likened to a methodically 

arranged list of addresses, which designate the places where 

things may be occupied and where they may be found." 

It is the way in which the addresses of a classification 

scheme are expressed and the relative significance to 

adjacent addresses which separates the various schemes avail- 

able to industry. A classification scheme generally consists 

of one of the following structure types:- 

15



(a) Alphabetical. 
(b) Numerical. 
(c)  Alpha-numeric. 
(ad)  Ideographic (use of small pictures). 

The numerical form has been found to be the most suitable 

and is used in the majority of cases today. The relative 

significance of adjacent addresses decides whether the 

scheme is cither, 

(a) of fixed digit significance or, 
(ob) heirarchial in structure. 

In the former, a certain digit value always indicates that 

the same feature is present. In other words, each digit 

stands alone, its meaning is precise and is not affected by 

a change in value of adjacent digits. An example is the 

Opitz system FIG, 2-2 to 2-10. On the other hand, a heir-~ 

archial classification is compounded in such a way that the 

information contained in each digit is dependent on the pro-= 

ceeding digit. An example is the Brisch system, FIG. 2-11. 

There are five basic classification models as stated by 

29 Gombinski'“, viz. 

(a)  Product-orientated - in which components are 
grouped by the products for which they were 

originally designed. 

(b) Function-orientated = in which components are. 
grouped by names, indicative of their function, 
e.ge shafts, cams, brackets, covers etc.. 

(c) Designeorientated - in which components are 
* grouped into families by the similarity of design 

manifest in their overall shape. 

(a4) Production-orientated ~- in which components are 
grouped into families requiring closely similar 
or identical technological processes. 

(e) Design and Production-orientated - which aim at 
satisfying the requirements of designers and 
production engineers by a single system. 

The first four are single purpose systems whilst the last is 

a dual purpose system. The product-orientated system is 

16
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obsolete and of little value for G.T.. A function-orientated 

system has however, had some support by inovators in the past”, 

but present and future trends seem to eliminate this method. 

The two most popular systems in use today are the design- 

orientated (D.0.) and production-orientated (P.0.) systems. 

The later has developed significantly since the advent of 

G.T. whilst the former has been in use for many decades for 

design retrieval and standardisation purposes. A.dual purpose 

(D.0./P.0.) system has been prompsed<” » but loses many attrib-~ 

utes of the individual systems and the general conclusion now 

is that the ideal situation is to have the two single purpose 

systems, one for design and the other for oreaepien 8 

The Brisch Classification System. 
  

The two outstanding classification systems used in Great 

Britain for the purposes of introducing Group Technology are 

the Opitz system FIGS, 22 to 210, which is productione 

orientated and the Brisch system FIG. 2-11, which is designe 

orientated, The latter system has been modified for Group 

Technology’ ’, by the inclusion of a subsystem of secondary 

polycodes which are added to, but do not form part of the 

primary monocodes, FIG. 3-5. These polycodes are necessary 

for the formation of G.T. component families and machine 

groups and are developed individually for a particular firn. 

FIG. 3-5(b) illustrates how the Brisch code is adapted to a 

Numerical Control programme where all the relevant data for 

N.C. is found fully identified in appropriate classes and 

can be easily retrieved for incorporation in the programme. 

The Brisch code is only available to firms through consultants 

2h 
at considerable cost, (£0,000 has been quoted” as an estimate 

in 1968), It is claimed that once established, the primary 

monocodes provide the design-oriented requirements and the 
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secondary polycodes serve the production-orie
ntated 

function. There 4g little doubt that if a firm is prepared 

- to make & substantial 
investment in a Brisch Classificatio

n 

system, 4t would pave the way to 4 satisfactory j
mplement- 

ation of Group Technology Such successful examples as 

Ferranti uta. , serck dco speek well for the Brisch 

system when properly applied. 

The Opitz classification System. (FIGS. 2-2 to Qu10). 

The Opitz classification 
system has two distinct advantages 

over the Brisch system, which are quite often the deciding 

factors in 4 choice of systems for a company wishing to 

implement Grovp Technology» viz. 

(a) It is a production-orien
tated system, uhich has 

been adapted to facilitate the formation of pro- 

duction families able to be produced on a certain 

grouping of machine tools. 

(b) 1b available at no real Bh to the firm, but 

modifications are always required to one or both 

parts of the code to suit the component mix and 

manufacturing 
conditions of the particular firme 

The first advantage is very important 4f a firm is primarily 

interested in the implementation 
of Group Technology to its 

production facilities. 
It does not however s preclude the 

Opitz system from being used for design retrieval and stand- 

ardisation. A full description of its use will pe dealt with 

4n the next chapter. 

Criticism has peen levied at the Opitz system” , claiming 

that it has inherent deficiencies which make it unsuitable 

for the formation of component families. i. 

(a) It separates components which should be together. 

fo). 3% prings together components which should be 

separated. 

In answer to this, an Opitz based system modified to suit a 
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company and built around a set of objectives which are 

backed up by a code manual defining the decision areas, will 

eliminate any possibility of the above occurring. 

It is significant to note, that one large saa with a 

drawing file of 250,000 components had used a Brisch Code 

System in the past and many of their drawings were coded 

using this system. Upon looking at the existing system as 

an aid to the implementation of Group Technology, they 

decided to abandon it in favour of the Opitz System. The 

firm subsequently introduced Group Technology and claim to 

have realised all the associated benefits. 

Other Classification Systems. 
  

1. Uncoded System. - this system developed by the 

h, 3h Russians , is carried out in a series of steps, FIG. 3-6(a). 

Firstly, the components are sorted according to the machines 

required for their manufacture, followed by groupings governed 

by geometrical shape, FIG. 3-6 (b). Further sorting is carr- 

ied out on the basis of design and operations FIG, 3-6 (c), 

and lastly division is made by similarities of equipment, 

tooling and settings used, FIG. 3-6 (d). This method, whilst 

not the ultimate, does give some of the benefits of Group 

Technology and covld quite easily be installed by a firm with- 

out any outside help. 

2, Technical Data Retrieval (T.D.R) - is a system 
  

designed specifically for the coding of any component, assembly, 

or technical document so as to facilitate its retrieval from 

storage. The system is copyright to the American company of 

Allis-Chalmers and is available to other industrial organisat- 

fons through Jay-Bergen consultants, 
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The basis upon which the code is designed is firstly by shape 

or physical characteristics and secondly by functional or des- 

criptive characteristics. If components or assemblies cannot 

be coded by shape or physical characteristics respectively, 

then the functional or descriptive characteristics are used. 

The code number consists of eight digits, the first of which 

is one of five major divisions as indicated by the descript- 

ors in FIG. 3-7 (a). Once the class is determined from this 

table the remaining seven digits are selected from another 

table FIG. 368, which has sixteen variations of each character~ 

istic under consideration, FIG.3-8 shows the table applic- 

able to class 1 components (Concentrics, other than parallel) 

and also illustrates the coding of a typical component. 

The T.D.R. code is not used as a part or drawing number 

because one T.D.R. code may pertain to many parts, as shown 

on the printout, FIG. 3+7 (b). 

The code is of numerical-alphabetical sequence and is compat 

ible with electronic data processing facilities. The sixteen 

characters consist of numbers 0 to 9 and letters A to F, 

Whilst this code has independent digit significance which is 

desirable for Group Technology, its application in this area 

would be limited because the five major descriptors do not 

indicate machining families nor do subsequent digits show any 

such grouping ability. 

3. A Classification System to Improve Cost Estimating 

in the Foundry Hidistees’ 2 « neal wast deleuy « firn, suioh 
  

produced castings to customers orders, for a better method 

of estimating costs and finally quotations based on customers 

20



drawings. 

The present system relies on the experience and a good deal 

of guess-work on the part of the estimator. These are rein- 

forced by a second hand knowledge of past scrap and reject 

yates which are never actually backed up by figures and 

hence the figure aiiyeu at has often been referred to as a 

'epvestimate'. 

Tt was concluded that more accurate estimates of cost could 

be achieved if the following provisions were made, viz:- 

(a) All information necessary for the manufacture of 

the casting is obtained. 

(bo) A bank of historical information by which the 

estimator can compare new jobs with old ones. 

(c) <A system whereby all information is continuously 
being updated so that the estimator has current 

facts about such variables as inflation effects, 
changing scrap rates, material costs, overheads 

and techniques being used in the production 

of castings. 

The overall system has been conceived in three parts vizt- 

(a) Classification - the means of storing data for 
the categories or classes into which the castings 

fall so that when new jobs are classified and 

quoted for, they can be compared with similarly 

classified castings made previously. The purpose 

of the classification scheme is to provide, 

1. an accurate product definition. 
2. an accurate cost estimating system. 

(b) Data Collection and Updating - the firm have their 
own computer, and it is envisaged that all informe 

ation relating to costs would be stored and up~ 

dated on a regular basis. An equation of the 

costing process has been developed and the var= 

jables are updated by the computer to ensure the 

latest possible information is available. The 

computer will serve three functions, vizi- 

1. The output will allow comparisons between 
present and past costs of making a casting. 

2. The present price of an old casting is 

always available for repeat orders. 

Be It will eliminate human errors. 

(c) Running the System - upon receiving a job for 
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quotation the following steps are taken, viz:~ 

1. The job is classified. 
2. A computer printout of similar jobs in numerical 
order of classification digits is obtained, 
3. A store of similar drawings is referred to and 
scrap, reject and cost centre rates are estab 
lished for the new job. 

h. The quotation is calculated, 

An analysis has been carried out to test the validity of the 

system by statistical means and the results look very prom- 

ising. This led to the development of a costing equation, 

by means of regression analysis, whereby the digits of the 

classification number would be used as variables in the 

cost equation. 

This 'classification-cost estimating! coupled system is a 

promising new development which wovld undoubtedly lend 

itself to other cost estimating jobbing industries. 

h. A Classification System to Define a Specific Provtinte?? 
  

This system is recognized as being one of the best of its type; 

devised specifically for the classification of a particular 

product and its associated manufacturing features. The 

company, Ferodo Ltd. manufacture brake linings as well as 

other friction material products to customer's orders. 

Their throughput times and delivery dates were long and 

unreliable respectively and they decided to introduce Group 

Technology to thecylindrical linings section of the factory 

to see if the above deficiencies could be rectified. It 

was decided to classify and code all single products in the 

chosen area. Before this could be accomplished a satisfactory 

classification system had to be developed which would en- 

able the formation of product groupings and hence facilitate 

the design of flowline cells to complete the machining of 

particular group features, The design of the system was 
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governed by three basic constraints, viz:- 

(a) It had to embody the existing Ferodo classification. 

(b) It had to define the product and its characteristics. 

(c) It had to have independent digital significance. 

Researchers engaged on the project placed great importance on 

the successful completion of the code and indeed a thesis’ 

was written on the design of the classification system alone. 

FIG. 3~9 (a) represents an outline of the scheme, The wmique 

product identifier is maintained and this is followed by 

three supplementary codes relating to material and assembly, 

function and features, shape and size respectively. Provision 

is also made for expansion to these codes as shown. The 

actual layout of the code as would appear on a drawing is 

shown in FIG. 3-9 (b). 

It is interesting to note, that the constraint of independent 

digital significance originally placed on the design of the 

code could not be strictly adhered to, Although each of the 

supplementary codes are independent of each other, the first 

digit of each supplementary code establishes a meaning for the 

following digits of the code. However, these following digits 

are independent of each other. 

FIGS. 3-10 (a),(b),(c), show how the first digit of each of 

the supplementary codes is selected and FIG. 3-11 (a),(b),(c), 

show how the remaining digits are chosen, once a particular 

first digit is selected. The remaining first digits lead to 

similarly structured codes for finding their second, third 

and fourth digits also. 

The success of the project, which followed from the design of 
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the classification system, can be gauged by a comparison of 

the before and after photographs of Group Technology. FIG. 

3-12 (a), shows the high value of work in progress which 

existed before Group Technology, and FIG. 3-12 (b) shows a 

flowline in a G.T. cell after Group Technology. In the 

latter, a total absence of the accumulation of work in progress 

is evident, being replaced by a continuous flow of sequenced 

batches along the flowline conveyors connecting the various 

work stations of the cell. 

A recent visit to this factory showed that this section of 

the company was still enjoying the full benefits of the G.T. 

system. However, a very Pitonce situation exists in which 

the firm is manufacturing disc brake linings in a plant 

running paralled to the G.T. cells which is still being run 

along the lines indicated by FIG, 3-12 (a). 

One inmediately wonders how this state of affairs could be 

tolerated when it is realised that the firm has the expertise 

to instal G.T., the proof of its results and the acceptance 

of the labour force. Is it apathy on the part of management? 

Is the cost of conversion so great as to prohibit it? Is the 

economic climate of the country such that changes of this 

nature are discouraged? ‘The reasons are undoubtedly sound 

but one cannot help conjecture, when such a successful imple-~ 

mentation flounders at the halfway marke 

5. P.E.R.A. Classification Systeme? 3? An unusual 
  

classification system was developed by the Production Engin- 

eering Research Association (PERA) as a result of an analysis 

of components taken from a wide cress section of engineering 

companies, The first Sicveys: concerned itself with rotational 
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components whilst the second”, included nonturned components. 

The code developed consists of two parts, the first of which 

is called the General Statement and the second the Detailed 

Statement, FIG. 3=13 illustrates the two statements for a 

turned component. At the top of the figure, the General 

Statement consists of a company number, a component serial 

number, the total number of change points indicating the 

complexity of the external and internal surfaces, the change 

points at the maximum diameter and length, (the datums for 

these two dimensions are the axis of revolution and the extreme 

left-hand end respectively), then a three digit statement which 

records workpiece type, material and initial form, followed 

lastly by the batch size requirements. 

The Detailed Statement describes the geometry and features 

of the component by a series of change points whose co- 

ordinates are given with respect to the datums referred to 

above. A table of surface element digits describe such var- 

jables as form, accuracy, surface finish, hardness etc., relat~ 

ing to the various surfaces indicated by the change points. 

The above data is stored on magnetic tape for quick and easy 

reference. 

This type of code is ideal for a study of workpiece statistics 

but its value as an instrument for Group Technology would be 

limited, because neither statement relates to geometrical 

features formed by specific machining or production forming 

processes, 

6, ZA¥FO Classification System. The ZAFO system was 

38, 39 
  

designed by the West German, Zimmerman » and is interest- 

ing as it illustrates how a code can be expanded in an attempt 
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to identify a component exactly, in terms of shape and 

miscellaneous features. FIG. 3-1); shows the overall struct- 

ure of the code which consists of a total of 26 digits. The 

first three digits are heirachically arranged to describe 

the basic shape. FIG. 3-15, is the code sheet for class 3 - 

long solid form components, The group colunm which best fits 

the components is chosen, thus fixing the second digit and 

then the sub-group category determines the third digit. FIG. 

3-15 describes all components from 300 to 389. The remain~ 

ing digits -10, FIG. 3-1, complete the additional features 

section of this part of the code. The next ten digits, 11 to 

20, are used as additional descriptors of the second and 

third digits of the main geometry code. The remaining six 

digits are mandatory and cover the degree of standardisation 

(one digit), design modifications (one digit), and individual 

identification (four digits). 

This code is long and unwieldly and seems to contain far too 

much information for any specific purpose. As with all codes 

it would require a lot of familiarity to use it accurately 

and a study of FIG. 3-15 will give some idea how the line of 

interpretation is very finely drawn. This, along with the 

extreme length of the code must lead to many coding errors. 

Nevertheless, the code is copyright and when correctly used, 

it undoubtedly fulfills its designed function. 

7.  VPTI Classification systen!®, The Brisch and Opitz 
  

classification systems are effectually open-ended systems, 

because polycodes or secondary codes can be added to them to 

fulfil a specific fumction. In the Brisch case, to facilitate 

the formation of component families for Group Technology and 
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in the Opitz case to add supplementary features as an aid 

in design and work planning, 

The VPTI system has been specifically designed in Russia, as 

an open-ended code for Group Technology and as such is of 

variable length. It consists of a three-digit main code, the 

first of which is selected from one of five classes, FIG, 

3-16 (a), which determines the overall shape and size range. 

The second digit, which depends on the first gives the actual 

size range whilst the third digit specifies heat treatment 

and accuracy required. Following the main code is a series 

of twondigit surface element codes which indicate machining 

features FIG. 3-16 (b). These codes may be added to or 

arranged to suit the component mix as required. 

8. Miscellaneous Classification Systems. The above 
  

classification systems are but a few of the many available 

in industry today in European countries. A list of further 

classification systems from all over the world which have 

been mentioned in publications’~ follows:~ 

(a) The VUOSO Basic System (Czechoslovakia). 

(bo) The VUSTE System (Czechoslovakia). 

(c) The KCI System (Japan). 

(d) The PGM System (Sweden). 

(e) The IAMA System (Yugoslavia). 

(f) The Allis Chalmers System (U.S.A.). 

(g) The Stuttgart System (West Germany). 

(h) The Pittler System (West Germany). 

(i) The Gildemeister System (West Germany). 

(j) The Toyoda System (Japan). 

(k) The Niitmash System (Russia). 
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(1) The Litmo System for Punched Cards. (Russia). 

Undoubtedly there are many more systems in use throughout the 

world as well as variations of the above. The important fact 

to be realized about the widespread use of classification is, 

the importance that industry places on it, as an aid to the 

management of all manufacturing systems. 

Conclusions. 

It is evident from the preceding sections that one of two 

methods can be chosen as the means of assembling and sorting 

manufacturing data necessary for the introduction of Group 

Technology. These are, 

(a) Production Flow Analysis. 

(b) Classification and Coding. 

If the number of firms who have supported one or the other 

of these methods is any criterion, then the latter is by 

far the best. However, the arguments put forward by support- 

ers of P.F.A. are well stated and there is little doubt that 

the first stage of P.F.A., viz, Factory Flow Analysis, could 

be advantageously applied before any change of system is 

considered. Supporters of P.F.A. make the following clains"+, 

(a) Families and groups already exist within a manufact- 
uring system and it is only necessary to find them 
not recreate them. 

(b) P.F.A. is much cheaper than classification and much 
quicker and more efficient because it is based on 

information readily available. 

(c) P.F.A. is a wmiversal technique whereas classificat- 
ion has to be redesigned for each application. 

(a). A standard computer programme can be designed to 
find the best division into families and groups. 
(This claim is unsupported to date, although it is 

still madell2, ) 

(e) P.F.A. finds a total division of the whole factory 
into families and groups and hence makes detailed 
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planning and budgeting possible, before G.T. is 
introduced. 

There is no doubt that component families and machining groups 

can be found by classification and coding in firms manufactur- 

ing any number of components, whereas this ability by P.F.A., 

especially when dealing with many thousands of components 

is not sure. Most aspects of Group Technology have been well 

documented, but one of the most critical of the exercise, 

that of family grouping, has not been given a clear cut solut- 

ion. The reason for this is, that each application requires 

an individuel analysis and past users hesitate to nominate a 

general step by step solution which can be applied in each 

and every case. It is with the aspect of family grouping 

that classification and coding shows its greatest advantage 

over other systems. Family grouping is covered in greater 

detail in section ).6. 

Classification and coding and the subsequent analysis can be 

carried out by the firm's eweaerestit with perhaps some assis-~ 

tance and guidance in the development and use of a suitable 

code, Assistance and guidance is readily available from 

Universities or Polytechnics and indeed as is the case with 

the projects in this thesis, a complete preliminary G.T. 

survey was carried out with little or no cost to the firms. 
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APPLICATION OF THE OPITZ CLASSIFICATION AND CODING SYSTEM. 

Outline of Basic Structure and Coding Principles. 
  

The ovtline structure of the system is shown in FIG, 22, 

which divides it into two codes viz., geometrical and 

supplementary. Both codes consist of ten digits, O-9 and. 

are split into class descriptors defining the parameters of 

the two codes. There are five descriptor classes in the 

geometrical code viz., component ikea overall or main 

shape, rotational surface machining, plane surface machining 

and lastly auxiliary holes, gear teeth, forming. Component. 

class is divided into two sections, rotational and non- 

rotational, in which six digits (0 to 5) are alotted to rot- 

ational and four digits (6 to 9) to non-rotational. The 

supplementary code consists of four descriptor classes Vize, 

dimensions, material, initial form of raw material and 

accuracy. 

The system has been published® and is available in two parts. 

PART 1, gives details of the code structure and PART 2 is a 

manual which broadly defines the digits allocated to the 

various class descriptors of both codes. The sequence of 

digits in the code number representing the classes of the 

geometrical code are arranged to generally correspond with 

the sequence of operations required to produce the component 

represented. For example in the case of a rotational compon-~ 

ent, the first three digits represent the elements produced 

by turning, digit four indicates plane surface machining, and 

auxiliary features, such as holes and gear teeth, which are 

normally produced last, are indicated by the fifth digit. 

All geometrical descriptor classes have fixed digit signif- 

icance except the first, which focuses attention on separate 
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digit parameters for the next four classes. These parameters 

depend on whether the component is rotational, rotational 

with deviation, flat, long or cubic as shown on FIGS. 2-3, 

2-l, 2=6, 2~7, 2-8, respectively. All supplementary code 

descriptor classes have fixed digit significance FIG. 2-10, 

Within each class descriptor the parameters have digit all- 

ocations in increasing order of complexity and should two 

features occur which are classified under the same digit, 

then the feature which records the highest digit is coded. 

For example, a rotational component which has an external 

plane surface machined on it as well as an internal keyway 

would record a 6 for the keyway even though a 1 for the 

external plane surface was also applicable. The above 

consequence may tend to suppress some features, but it is 

assumed that any machine which can produce the complex 

feature can also produce those features represented by the 

lower digit numbers. However, digit suppression is advant- 

ageous when working on the composite or complex component 

principle, FIG. 2-1, for a machine or cell, because it is 

@ Simple matter to select the highest digit values in each 

descriptor class and thus draw up the composite component, 

representative of the family under consideration. 

In the rotational class section there are two coding charts, 

FIGS, 2=3 and 2h, to distinguish between purely rotational 

components (digits 0,1,2) and rotational components with 

deviation (digits 3,)). A study of the two charts will show 

that the first three class descriptors are different, the 

fourth is identical and the fifth is different. A further 

rotational component class (digit 5) FIG, 2-5 is left blank, 

to allow a firm coding space for those parts which are unique 
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to the firm and can be described only with difficulty by 

the first five digits. It has been recommended that a 

functional notation is best for these éatoehenne It is 

also noted that a similar non-rotational class (digit 9) 

is provided for unique components in this category, FIG.2-9. 

In the nonerotational class there are three charts, FIGS.2-6, 

2-7, 2-8, and these distinguish between flat, long and cubic 

components respectively. The first two class descriptors 

are different for each, but the remaining three are identical, 

as shown in the above charts. 

Using the Opitz Code. 
  

Coding is carried out from the component drawing, which must 

be detailed for manufacture and showing material type and 

treatment together with its initial form. The first step 

is to select the component class digit which then directs 

coding to the relevant coding chart. FIG. -l indicates how 

this is done by considering the shape aspect along with the 

size ratios which separate the various digits. Having sel- 

ected the component class digit the selection of the remain- 

ing digits are best illustrated by an example. FIG. +2, 

shows a rotational component and its coding details which 

are obtained by reference to FIGS. 283 and 2-10. A non- 

rotational flat component is shown in FIG. -3 along with 

coding details which are obtained by reference to FIGS, 2-6 

and 2-10. 

# Code Manual. 

The Code Manual is PART 2 of the piblication® and it is 

designed to facilitate the introduction of the classificat~ 

jon system and to ensure uniform and wiiversal application, 
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In addition to including instructions on coding and suggest- 

ions for application in design, planning and production, its 

main function is to define the demarcations and concepts 

which are contained in a code. The definitions are arranged 

in component classes corresponding to the structure of PART 1 

of the code and are clarified by sketches which show the 

features concerned as well as questionable features which are 

coded under other digits. 

It must be understood however, that the definitions in PART 2 

are not conclusive, and for any firm, modifications and 

extra definitions are essential to cope with the requirements 

peculiar to the firm. FIG. hel illustrates a typical sheet 

from the coding manual showing a few modifications. The 

compilation of a comprehensive coding manual is an essential 

part of the classification system to ensure and provide, 

(a) foiaiseute interpretation of digit significance. 

(b) <A standard reference for coding instruction. 

(c) The rules upon which the system is based. 

Modifications to the Opitz Code. 
  

Users of the Opitz code have found it wanting in certain 

areas and have made modifications to suit their own needs, 

and this is one of the great advantages of the Opitz code, 

In one case, whilst maintaining the original structure of 

the code, a firm has completely revalued the digits of both 

the Geometrical and Supplementary sted. FIG. 4-5 illus- 

trates the outline structure of the modified system which 

should be compared with FIG, 2-2. Most applications do not 

require such drastic modifications and those carried out for 

the companies in this text were all that was necessary to 
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satisfactorily code their components. 

Learning to use the Opitz Code. 
  

A great advantage which the Opitz classification system has 

over more complicated systems is the ease with which the 

code can be learnt and applied within the company. The 

people who are likely to be more associated with the coding 

and its interpretation viz., engineers, tradesmen, draughts- 

men, apprentices and designers find it extremely simple to 

learn because of their technological background. Experience 

has shown that a seminar consisting of short lectures coupled 

with practical coding sessions is the best method of teach- 

ing the code. A brief outline of the Opitz code is init- 

jally given, together with some illustrations of how the 

code is modified to suit various companies. Participants 

are then given aset of drawings, which have been specially 

selected to cover a number of examples of each digit of the - 

component classes. The correct answers are also supplied, 

so that it is a case of 'try and see'. A satisfactory 

coding ability is reached after approximately four days, 

when further expertise can only be gained by involvement in 

a practical coding exercise. Code comprehension increases 

with practice and it is not very long before coders are 

able to look critically at the Opitz code and suggest mod- 

ifications for its use in the company with whom they are 

working. 

The speed of coding depends on two factors viz., 

(a) The ability and motivation of the coder. 

(b) The complexity and completeness of the drawings 
being coded. 

One would expect a professional engineer to code more quickly 
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and correctly than an apprentice, or a tradesman, and 

indeed this has been found to be the case’, On the 

other hand apprentices and tradesmen make more competent 

coders than do clerical workers because of the formers' 

ability to read and understand engineering drawings. The 

complexity of an engineering drawing being coded is a 

factor of coding speed. Simple rotational components can 

be coded at a rate of around 50 per hour whilst complicated 

components in the non-rotational (flat, long and cubic) 

category can be as slow as 6 to 10 per hour. It has been 

found that a rate of from 150 to 200 per day has been 

achieved in a practical coding sat gisenn Experience with 

the components from the companies involved in this thesis 

has shown a slower rate of around 100 per day, mainly because 

of the number of complicated fabricated assemblies in the 

Bronx Engineering case, and the number of unique components 

requiring special machining sequences in the Hawker Siddeley 

application. 

Formation of Component Families. 

After modification of the Opitz code to suit a firm's 

individual requirements, and having applied the code to all 

component drawings, it is then possible to analyse the 

component code numbers with the object of forming family 

groups of components which are compatible with machine group- 

ings able to be formed from existing machines on the shop 

floor. 

Such analysis is simplified when one realizes that the first 

digit of the geometrical code immediately sorts components 

into specific categories of rotational and non-rotational, 

with further division into specific types of these two groups 
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according to the component dimension ratios. A computer 

printout of component code numbers in numerical order will 

automatically achieve these divisions, FIG. h-6 illustrates 

a section of computer printout showing how groups of compon- 

ents are divided into families according to the significance 

of the first digit which is described on the right hand side 

of the figure for each family. Further sorting is carried 

out within these classes by subsequent digits which are 

arranged to describe external and internal shape features, 

auxiliary holes etc.. The dimension digits of the Supple- 

mentary code create divisions which suit the size ranges of 

machine tools available, whilst the material, initial form 

and accuracy digits enable further sorting to be carried out. 

A large amount of digital analysis can be done manually (as 

was the case in this report) or by further use of the com- 

puter when many thousands of components have to be considered. 

As an example, programmes have been written and used to 

determine the Pollcuawinse ss 

1. Groups of components according to their total 
number of digits - Opus. 

2. Groups of components according to the total 
number of digits of the Geometrical code - Oput. 

3. <A histogram showing the distribution of batch 
sizes - Opal. 

h. (i) Details of milling operations. 
(ii) Separate sheet metal components from other 

non-rotational components - Gras. 

5. Sort rotational components according to length 
to diameter ratios and deviation characteristics = 
Grassy. 

The above programmes illustrate the versatility of a comput- 

er analysis of the code and it is this feature which makes 

the classification and coding approach to Group Technology 
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so attractive. 

The practical use of the code and the subsequent computer 

printout analysis will be explained in more detail in 

section 7. FIG. -7 (a) and (o) taken from ence ia 

ustrates how groups of similar shaped components can emerge 

from an apparently random mixture of rotational parts. It 

js this kind of sorting and grouping which can be achieved 

by the use of a properly designed classification 
system. 

Other Uses of the Opitz Classification System. 

While the Opitz code has been primarily used for the for- 

mation of component families in the implementation 
of Group 

Technologys 4ts application jin other areas has not been 

overlooked. 

Perhaps its best support role is in the design department 

where it can be used for the following: - 

(a) Retrieval of past design data. 

(b) standardisation 
of design procedures s components 

and component features. 

Design Retrieval. 

The main reasons for poor design retrieval methods in 4 

company is the haphazard naming of similar type components , 

and the fact that drawing nunbers do not convey the inform- 

ation necessary to identify design similarities. 
Component 

names vary according to the whim of the designer and geo- 

metrically similar components are given a variety of names 

e.g. bushes are also called spacers, bearings, rollers, 

washers, sleeves, liners, packers and collars. While these 

names do bear some semblance of similarity to the experienced 

designer, many names do nob, Zs a bush type component called 
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a 'shaft stop' would bear no similarity to the bush type 

family. Hence, reliance on names for design retrieval, is 

generally ineffective. 

The Opitz classification system affords a means of grouping 

components according to the geometric design features re- 

presented by successive digits of the code. If the code 

has been structured along technological lines, it is almost 

certain that some components with similar design features 

may not be grouped in the correct design family because of 

their manufacturing differences. The loss of accuracy 

caused by using the code universally, is reflected in the 

amount of manual sorting found necessary by design personnel. 

In application, the components are listed in code number 

order and this listing can be reproduced in one of two ways 

as proposed by Beabilcanslte » Viz., micro-film aperture punch 

cards or a reuse parts catalogue FIG. h-8 (a) and (b) respect- 

ively. The punch card, besides containing component data 

can also carry a film image of the component enabling a vis- 

ual reference which is quite often much quicker than a data 

reference when checking similar parts for re-use. In the 

case of simple, much used components of which there is always 

high variety, such as flanges, covers and bushes etc., a 

repeat part catalogue can be developed. The type illustrated 

shows a composite sketch of the general component and a com- 

puter listing of all existing parts which fit the sketch in 

part or whole. 

Hence, when designing a new part, the designer must have a 

knowledge of the component's basic shape, size and material 

composition so that he may be able to code it and subsequently 

retrieve similar designs from the punched card file or the 
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reuse catalogue. 

Design Standardisation. 
  

In many engineering firms the design of components is 

solely the responsibility of the designer who may allocate 

features according to his momentary whim or fancy, resulting 

in many similar components differing in such trivial features 

as chamfers, rounds, fillets, radii, undercuts etc.. Also 

many components are designed which are geometrically similar 

to other parts, although this fact may be unknown in cases 

where design retrieval facilities are not available. In 

fact if it were known, many existing designs could be reused, 

instead of creating new ones with only minute differences, 

To enable existing designs to be easily accessed, components 

are grouped according to code nunibers and used to form a 

code number field as shown in FIG. 4-9 (a). The field is 

jn the form of a matrix into which the code numbers of the 

component group are put. All digits are entered so that 

for any component of the group in question, its code number 

can be read off and the digits located in the matrix. Ifa 

component has features which are not required in the field, 

then the component should be omitted from the group under 

consideration, The code field shown in FIG. +9 (a), repre- 

sents the long rotational class (digit 2) of the sample of 

components coded for Bronx Engineering using the modified 

Opitz code. All components considered in the matrix are 

ticked from the list shown in FIG. h-10, whilst those not 

considered have a cross along side. These components com- 

prise nearly all the class 2 components of the sample and 

represent a series of shafts stepped to both ends, with and 

without functional grooves and screw threads, without internal 
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shape elements, with and without keyways and having 

auxiliary holes and gear teeth. The digits shown in the 

Supplementary code field indicate the dimension ranges of 

diameters and lengths, the material and its form used, and 

the type of contracted work considered in this field. The 

Bronx Supplementary code is shown in FIG. 7-7. 

Having entered these components in the code number field 

it is then possible to draw a Scions a or complex component 

which incorporates all the features indicated by the digits 

entered in the field. The component is shown in FIG. h-9 (b). 

It is now true to say that this complex component represents 

all the features of all the components ticked off on the 

computer printout sheet, FIG. )-10. Thus standardisation 

of shafts in this group can be considered simply by referring 

to the composite component, FIG. h-9 (b). The composite can 

be accompanied by lists of standard or preferred keyway sizes, 

gear teeth, auxiliary holes, thread forms etc., as well as 

information on supplementary code data, so that when design= 

ing similar shafts these preferences or standards can be 

adhered to. If changes in design affect the code field and 

hence the complex components, then they should be inmediately 

updated to accomodate such changes. 

If a series of code fields are drawn up to represent groups 

of frequently used components, considerable time can be saved 

in designing as well as substantial reductions in the variety 

of form features. 

Conclusions. 

The use of a classification and coding system is one of a 

number of methods used to introduce Group Technology. Its 
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relative merits compared with other methods, has been, and 

will always be a point of conjecture. However, it has 

been proved successful and found to be one of, if not 

the most economical way in which a firm can approach the 

implementation of Group Technologye 

The component analysis which is carried out in conjunction 

with the design of the classification system and the sub- 

sequent coding of parts, is in itself a 'cleaning out the 

cupboard! exercise and affords as well, 4 reappraisal of 

the component spectrum which in all probability is long 

overdue. 

The time taken to code the drawings enables management to 

consolidate their ideas and formulate the best possible 

means of introducing the new system with the least dis- 

ruption to all concerned. 

The comprehensive data bank which is generated by the coding 

of all drawings gives the design department a new source 

of information on which to base their design procedures as 

well as instal design retrieval and component standard- 

isation facilities. 

A classification system must be designed to suit a part- 

4cular company; there ig no wmiversal system which can be 

applied 'en toto! to the broad cross section of jndustrye 

The Opitz Classification System does; however, offer a 

universal structure which can be applied across the board. 

The ainer and interpretations of structure digits can 

be manipulated and modified until the code is ideally 

suited to the firm concernede 
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The 'classification and coding! approach to Group Technology 

is ideally suited to the present day, wmcertain economic 

conditions for the following reasons: = 

1. It can be installed by the firm's own personnel. 

2. There is no great pressure on the firm to get 
things done, and progress can proceed at the firm's 
own pace or as money becomes available, 

3. There is no committment on the part of the firm; 
the exercise can be aborted or held in obeyance 

at any stage. 
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EFFECTS AND BENEFITS OF GROUP TECHNOLOGY. 

Introduction. 

The effects and benefits of Group Technology have been well 

documented over the years in publications, academic pre~ 

sentations and articles written by engineers from various 

firms in industry. A resume! of the most important 

benefits and effects, and the manufacturing areas in 

which they are concerned is shown in FIG. 5-1. 

These areas are:-= 

(a) Design. 

(b) Production Planning. 

(c) Production Control. 

(4) Manufacture. 

(e) Management. 

The areas of Production Planning and Control which overall 

constitute Production Engineering, are by far the largest 

areas of interest as far as Group Technology is concerned, 

hS An analysis” carried out on 150 companies in 1972, by 

the once functioning Group Technology Centre established 

the major areas where firms sought solutions to problems. 

The areas and their relative importance expressed as a 

percentage of the number of firms seeking solutions in 

these areas are approximately:- 

(a) Production Engineering - 56%. 

(b) Management - 19%. 

(c ) Des ign - Ws. 

(a) Manufacture ore, 

Whilst many firms start out with the purpose of improving 

the function of one area or the other, in most cases the 
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benefits of Group Technology become so apparent in the 

other areas, that an overall approach becomes desirable. 

However, it is worthwhile highlighting the benefits as 

they apply to the singular system areas as defined in 

FIG. 5-1. 

Design. 

(a) Ease of Retrieval of Past Design Data. An 
  

outline of design retrieval methods was covered in 

Section .8.1. 

(b) Standardisation of Conmon Features. This topic 

was dealt with in Section .8.2. 

(c) Standardisation of Components. This topic was 
  

dealt with in Section ).8.2. 

(a) Greater Application of Value Analysis. Ifa 

firm is seeking to improve its design function, then all 

techniques associated with the evaluation of components 

both from a functional as well as a manufacturing aspect 

become more important. The application of Value Analysis 

is not a 'must' as far as Group Technology is concerned, 

it is merely one of the most useful evaluation methods 

which firms turn to, when the 'wave of reappraisal and 

change! due to the implementation of Group Technology, 

strikes them. 

(e) Standardisation of Procedures. The standard- 

isation of procedures is a logical follow on from the 

establishment of (a), (b) and (c) above. Once the means 

of retrieval are in hand and design rules regarding 

common features and components have been formulated,
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standard procedures for creating a new design can be 

implemented, Such a procedure is outlined in FIG. 5-2, 

The use of a design plan eneriae the following desirable 

results: - 

(a) Elimination of a slovenly or short-cut approach 
to component design. 

(b) Provides the best possible component to suit 
the assembly concerned. 

(c) Ensures the cheapest possible component with- 
out sacrificing quality. 

(a) Avoids the proliferation of identical or near- 
identical parts. 

(e) Creates a sense of pride and job satisfaction, 
knowing that all components are designed to a 
minimum, basic, high standard. 

If the methods outlined in this chapter are incorporated in 

@ design department there is little doubt that personnel 

would feel they were part of a highly efficient, well 

organized system in which they are proud to work. 

Production Planning. 

(a) Production Data Retrieval. After the initial 
  

introduction of Group Technology and the function of the 

Production Planning section reverts to its routine role of 

planning, scheduling and routing components through the 

manufacturing cells, it has been found that the retrieval 

of past production data such as operation sheets, route 

sheets etc., for components is desirable because of the 

ronemnvive nature of these items. With a functional lay- 

out, identical components quite often require new operation 

and route sheets because they are machined in different 

cost centres. InaG,.T. situation, components are routed 

to certain cells according to the component family to which 
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they belong, thus creating a repetitive route for each 

manufacturing cycle. Each cell is equipped with all 

machines, tooling, jigs and fixtures peoeears: to complete 

all operations on the family of components for which it is 

designed. As a result, a repetitive sequence of operations 

is obtained for a particular component for each manufact~ 

vring cycle. 

With this situation, it is only necessary for the planner 

to retrieve past production data and reissue it each time 

a component is scheduled through its manufacturing cell. 

(b) Simplified Accomting and Estimating. Ina 
  

functional situation, the accomting and estimating pro= 

cesses often assume nightmare proportions, where in the 

case of accounting, each cost centre (machine tool or 

process) has its own rate for costing purposes. The 

manufacturing cost of a component is determined by adding 

the individual cost of all cost centres which perform 

operations on the component. As well as the manufacturing 

cost, a percentage is added for overheads and profit margin 

to give the total cost to the customer. With the variable 

routes and consequently different cost centres visited, 

manufacturing costs vary for individual components and 

firms tend to allow for the highest when fixing sale prices 

for products. Hence their products are less competitive 

and on jobbing work where estimates and quotations are 

required, firms often lose valuable contracts because of 

exceptionally high prices quoted, which are attributable to 

unreliable estimating procedures. 

In a G.T. situation, both accounting and estimating are 
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greatly simplified. As components are coded, their routes 

through the manufacturing facilities are automatically 

fixed, i.e. they are produced by the cell designed to 

manufacture them. Thus the accounting cost is isolated in 

one cell of machines. In fact the cell can be looked upon 

as a cost centre with an hourly rate, The cell method of 

costing was adopted by Serck-Audco’ and in fact Ranson 

suggests an hourly rate for a whole factory. Estimating 

costs for quotations and jobbing work, is also made easier, 

because once the job is coded and its manufacturing cell 

time is calculated, the manufacturing cost is simply the 

product of the time and the cell rate. Estimates calculated 

in this way are reliable and more competitive, because by 

knowing the exact manufacturing cost the sell price can be 

kept as low as possible without the fear of selling at a loss. 

As. well as the reliability of accounting and estimating 

associated with G.T., a firm can also enjoy more simplified 

procedures because of the combining of individual machine 

cost centres into cell or even factory cost centres, 

(c) Easy Preparation of Operation Schedules. Operation 
  

schedules require much thought and careful planning in a fun- 

ctional workshop. A planner must know the route and machines 

(which often change after the schédules are made) a component 

will take and visit respectively, so that he may visualise 

the operations needed in order to complete the operation sheet 

accurately. Many components can be produced on more than one 

machine or series of machines, resulting in different operat- 

ions and times and it is the planner's job to select the best 

schedule of operations available, at the same paying attention 
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to such variable factors as the availability of machines, 

overloading conditions, available labour and raw materials. 

Once again, G.T. makes the scheduling of operations a 

relatively simple exercise in the majority of straight 

forward repetitive cases. In fact, many companies using 

Group Technology allow the cell operators to schedule 

components throvgh cells themselves, thus eliminating the 

operation sheet in many cases. With a firm manufacturing 

identical components in every cycle, it is understandable 

that cells manufacturing the same components repeatedly, 

could well dispense with operation sheets, or alternatively 

retain them in the cell for use on each occasion. In a 

sobbibe workshop, however, operation sheets are always 

necessary; but how much easier the planner's job is, if all 

he has to do is direct the operation sheet to a particular 

cell in which he knows there are the ideal types of machines 

to give him the best sequence of operations without having 

to worry about the lurking variables mentioned in the last 

paragraph. 

(d) Reducing Cost of Tooling Set-up. The main way 

in which this cost has been reduced in a G.T. workshop is 

in the time and ana of set-up rather than in the 

actual cost of purchasing tools. However, claims by firms 

on this point vary considerably. By paying particular 

attention to the design of components machined at Alfred 

Herbert!’ on a twin spindle Max-E-Mill with a 40 tool 

magazine (20 for each spindle) it was possible to enable 

all operations on this machine to be completed on all 

components with a maximum of 20 tools, so that a new compon- 

ent required only the changing of the tape. The outcome of 
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this exercise was 4 reduction of 65% in the number of 

tools required and a reduction in floor-to~f
loor times of 

10%. ‘The exercise could certainly have been carried out 

without a GT. references but it must be remembered that 

the particular family of components suitable for the 

analysis would never have come together without the family 

grouping associated with Group Technology 

In support of the reduction in set-up time and frequency, 

the firm of G.E.C .-ElLiott Control Valves Ltd. claim’'a 

net saving in setting times of 60% on three machines ViZ-s 

two capstan lathes and a vertical mill, which formed 4 

G.f. cell to machine 4 family of components designated 
as 

‘seat rings'- As with the Herbert case, this saving is 

made possible by the grouping of similar components which 

can be sequenced through the machines in & preferred order 

to minimize tool adjustment 
or changes. 

The output of any machine tool is directly proportional 
to 

the cutting time. In functional situations various percent- 

ages have been quoted for the proportions 
of cutting times 

and down times jn industry. One eather quoted for 2 

general purpose » small batch, machine shop Lists the follow- 

ing. percentages? 
~ 

10% setting up the machine tool. 

30% metal cutting and machine manipulation. 

5% Loading and unloading components. 

55% general waiting time, finding tools, reading 

arawings » maintenance
 » management 

problems. 

A recent survey carried out in the West sanandee and part 

published in the Birmingham Evening Post on 15th July, 1975 

stated, 
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'Labour and equipment is effectively used for up to 
half the time in medium-sized West Midland firms. A 
survey showed that none of the firms checked had 
machines in production use for more than two thirds 
of the time. Figures as low as 17% were recorded. 
During a typical working day, machines in the 
electrical industry sample were idle more than 60% 
of the time, with management responsible for most of 
it. When inefficiencies were pointed out, firms 
involved in the survey were usually very prompt to . 
ensure improvements, The great problem was that most 
inefficient firms were among the last to come forward.' 

The analysis showed that up to 5% of manufacturing time was 

setting-time, so that if this could be reduced by 60%, then 

cutting time could be increased by as much as 27% with a 

corresponding increase in output. This being achieved of 

course, without any increase in total manufacturing time. 

Decreases in setting-times are usually found to be one of 

the 'follow on' benefits of G.T. rather than a 'planned! 

benefit. As cells become more proficient in manipulating 

work loads and working out preferred sequences of operations, 

then reductions in setting-times is a logical result. 

(e) Simplified Data Processing. All data concerned 
  

with Production Planning can generally be assumed to roughly 

correspond to the number of components processed and the 

number of cost centres used in processing. Thus a factory 

manufacturing 2000 components on 20 machines would have 

twice the data processing requirements as a factory manu- 

facturing 1000 components on 10 machines. 

In a G.T. System components are sorted into families and 

machines are grouped into cells. Hence the 2000 components 

mentioned above might form 20 families and the 20 machines 

might form groups. These families and groups have 

corresponding data processing to the individual component 
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and machines. Hence it can be expected that data processing 

requirements would decrease by a factor of from 50 to 75 

per cent. 

Such reductions have been bourne out by the application 

of G.T. in the small company of Thomas Mercer Lta.49, 

Production Control. 

(a) Improved Throughput Times. This factor of 
  

production engineering is perhaps one of the most fruitful 

areas to benefit from the application of Group Technology 

and is always quoted by firms as one of the major reasons 

for G.T. implementation. A look at the basic methods of 

shop floor manufacture relating to functional and G.T. 

layouts will show how very large reductions in throughput 

times can be achieved. A study of FIG. 5-3 shows a 

comparison of how throughput times compare for the manufact- 

vre of a component through a functional and a group layout 

of a lathe followed by a mill. It is assumed that the 

operation times for both turning and milling are 5 minutes 

in each layout. The component is a stepped shaft with 

keyways on both ends as shown and is manufactured from 

bright M.S. bar. One hundred components are required. 

Commencing at the left of the diagram, all turning operations 

are completed in both layouts after 500 minutes. The main 

difference in the two procedures is that after the first 

component is turned in the group layout it proceeds inmed- 

diately to the milling machine located nearby, where the 

keyways are then machined. This gives a total throughput 

time of 505 minutes. In the functional layout where the 

lathe section has no physical or functional connection to 
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the mill section, all components have to be turned first 

before proceeding to the mill section where a further 

500 minutes is required for the milling operations, Thus 

in operation timss alone the group layout shows a 50% 

improvement over the functional layout. However, the big 

reduction in times is usually found to be work-in-progress 

(W.I.P.) times which are greatly reduced with cell manu- 

facture, and can frequently amount to weeks and months in 

a functional system. 

Msny examples of outstanding gains in throughput times 

have been claimed e.g. Serck-Audco ~ 12 to weeks" ', 

6 
Alfred Herbert - 36 to 3 weeks” , Thomas Mercer - 16 to 

hi weal oBAS Perish <9 tnswule -diuve ae 

(bo) Improved Delivery Dates. The ability to quote 
  

short and reliable delivery dates is the most profound 

yearning of all production engineers. With the elimination 

of indeterminate work-in-progress times as explained in (a) 

and a planned sequence of manufacture, component completion 

dates are not only the shortest possible, but also very 

reliable and hence quotations for deliveries of completed 

assemblies are as correspondingly reliable. Reliable and 

short delivery dates are features of Group Technology 

which are much appreciated by the company salesmen who no 

longer have to quote dentvery dates with a 'tongue in 

cheek! philosophy. Valuable contracts can often be won 

by a firm able to quote better delivery dates than its 

competitors. 

*(e) Simplified Work Scheduling and Machine Loading. 

These two features of Production Control create the greatest 
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bottlenecks in production and are the crux of most problems 

associated with the flow of components through a functional 

workshop. Scheduling is carried out mainly by allocating 

materials to machines in the correct operation sequence 

and expecting the partly finished components to form queues 

awaiting their turn on one cost centre after another. 

Priorities are established and put into effect by progress 

chasers whose job it is to move high priority components to 

the front of queues in order to complete them more quickly. 

This of course plays havoc with tooling set-ups on machines 

and entirely disrupts any preferred order of components 

made ‘to lessen tooling and jig and fixture changes. 

Scheduling and loading go hand in hand and if components can 

be scheduled correctly then the machine tool concerned can 

handle a far greater load than if haphazard scheduling is 

carried out. 

In a Group Technology situation, components are scheduled 

for processing in a cell in a preferred sequence taking 

into account their demand for assembly, as well as the 

operation sequence to take advantage of tooling set-ups 

within the cell. Due to the similar geometrical features 

of cell families, much eaten thought can be given to 

loading in order to minimize tool changing and setting. 

If consecutive components can be accomodated on a machine 

simply by adjusting a few stops and making one or two minor 

changes, setting time is reduced and metal cutting time is 

increased significantly. 

(ad) Reduction of Work in Progress, The reduction 

of work in progress which inevitably results from Group 
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Technology methods is a direct benefit of the type of 

component flow necessary for the proper functioning of 

machine cells. The tooling set-up of cell machines is 

geared to receive a continuous flow of components. In 

the ideal situation, when one machine completes its operat- 

ions, the component is immediately fed on to the next | 

operation machine, and so on until all identical components 

are completed. Hence at no stage during manufacture are 

components queued or forming what is commonly known as 

‘work in progress'. 

In firms which are manufacturing to capacity or over 

capacity, the build-up of work in progress often assumes 

gigantic proportions and stacks of unfinished components 

dominate the overall scene, FIG. 3-12 (a). Coupled to the 

extrems inconvenience caused by this accumulation of work, 

is the large outlay in capital costs necessary to have it 

there. With the near elimination of work in progress, this 

capital outlay is freed and able to be put to a more product- 

ive use, and in many cases more than pay for the cost of 

installing Group Technology. 

A flow-on benefit which results from reductions of work in 

progress is a gain in factory floor space. In many instances 

usable factory space has been increased by between 25 and 

30 percent. Such a saving makes way for the improved layout 

and streamlined component flow system synonomous with 

Group Technology. 

A look at the published benefits of the following firms will 

illustrate this most important aspect of Group Technology. 

le G.E.Ce-Elliott Control Valves ita, 24 reduction 
of W.I.P. from 24% of annual turnover in 1968 to 
18% in 1971. 
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2. Ferodo!° ~ reduction of W.I.P. by a factor of 8: 1. 

3. Herbert Machine Tools"> - reduction of W.I.P. 
and manufacturing stock from £)4.5 million to 
£1.8 million, representing a percentage reduction 
of 72% (Ref. 6). 

he Rank Xerox Ltd. 23 - reduction of W.I.P. between 
B24 and 10:2 is 

5. Thomas Mercer Lta.2° ~ reduction of W.I.P. of 35%. 

6. Fluidair Compressors Lta.ot - reduction of W.I.P. 
of 60% in the first year of G.T. operations. 

(e) Improved Material Utilisation. The economic 
  

utilisation of raw materials during manufacture is of great 

concern in modern day industry because of the difficulty and 

uncertainty in obtaining them and also the very high costs 

involved, 

In a functional situation where any machine or process can 

be the first operation station depending on the scheduling 

and loading arrangements, the allocation of raw materials 

is made to many points throughout the factory, requiring 

skilful planning and control. 

Group Technology manufacture differs greatly from the above 

situation. Firstly, because of the singular identity of 

cells and the family of components which is machined in it, 

there is not the necessity to plan and control raw material 

flow like there is with a functional layout, All raw 

materialsfor a particular family of components automatically 

go to the cell associated with them. 

Secondly,the number of raw material drop points is reduced 

considerably from that of single machine cost centres to 

the cellular group cost centres. 

Thirdly, the scrap and reject rate of batches manufactured 
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within cells has been found to be much less than similar 

batches manufactured in a functional workshop. Scrap and 

rejects occur most frequently during the setting and 

checking stage and as the later requirement is significantly 

reduced by Group Technology, then scrap and rejects are 

proportionately less. 

The general improvement in quality of work and reduced 

scrap rates achieved within a cell is attributed to the 

greater degree of control over consecutive operations, 

coupled with a self generated sense of pride, which one 

might call 'team spirit', commonly associated with the 

small group of workers whose interlinked activities so 

greatly affect each other, The cellular control of compon- 

ent manufacture enables rectification of potentially scrap 

components to occur almost immediately faulty manufacture 

takes place, As components proceed through a cell and 

faults are discovered by subsequent operators, rectification 

of the faulty operation is immediately effected thus pre- 

venting further faults occuring as would be the case in a 

functional process where components are bin fed between 

operations. 

The ultimate in raw material issue and handling has been 

proposed” as the provision of storage facilities within 

each cell to hold all raw material necessary to manufacture 

components for each cycle. Materials are moved to the cell 

before the start of each manufacturing cycle so that the 

optimum machine loading sequence of component manufacture can 

be determined and adhered to. 
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5.5 Manufacture. 

(a) More Efficient Use of Machine Tools. It is in 
  

this area that Group Technology makes one of the most worth- 

while contributions to production engineering. The efficient 

use of a machine tool, means the percentage of metal cutting 

or metal forming time compared with the total time. It can 

also mean whether the machine is being used for its designed 

purpose or capacity. The Petict tection of machine tools 

has long been realized by investigators but firms have made 

little effort over the years to improve the situation. It 

must also be understood that the life of a machine tool is 

long, and many machines in use today may have been purchased 

by the firm's predecessors 10, 20 and 30 years oo when 

the need for improved methods was not as great as today. 

The findings of Professor Opitz's statistics have already 

been mentioned in Section 2.1 and even today, reports of 

the inefficient use of machines are still being made. To 

quote from Professor Dudley's ayes of West Midland 

firms, Evening Mail, July 15th, 1975. 

'Machines were often too big and, by implication, too 
expensive for the job they were doing. In one company 

one-third of all components produced on a 25 ton press 

could have been produced on one with a quarter of that 

capacity. Less than a quarter of the machines studied 

were working at the best speeds to ensure a satisfact- 

ory product, produced economically. '! 

The implementation of Group Technology does not mean that 

new machines have to be bought, although in many cases firms 

use the ensuring rearrangement of facilities to take the 

opportunity and throw out old equipment and replace it. In 

so doing they can choose designs which are more aptly suited 

to the cellular application. This aspect will be covered 

in Section 5.5 (c). 
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The reduction of setting times has already been dealt with 

and is one of the main ways in which machine tools can be 

used more efficiently, Another area which can be exploited 

is the development of specialized machine tool jigs and 

fixtures for use on component family manufacture rather 

than for single components. 

An excellent example of this approach is given by .. 

Se Eisccinone’™, a development engineer at the Fiat Co., 

Torino, Italy. FIG. 5- (a),(b), (c) and (d) illustrate 

four different components with the jig required to carry 

out the drilling operations on each. An examination of 

the four components shows that as far as the drilling, 

spot-facing, tapping and chamfering operations are concern- 

ed, they belong to the one technological family. The study 

led to the design of a common jig shown in FIG. 5- (e) with 

automatic, air-hydravlic clamping control and quick-change 

inter-changeable bushes. The big advantage which this 

combined jig and fixture offers is, that batches of all four 

of the components illustrated can be processed without any 

need for fixture change or adjustment as would be the case 

with the individual designs. The net result of this kind 

of production thinking is of course more efficient use of 

the machine tool concerned. 

(b) Improved Factory Layout. Perhaps the most visible 
  

effect of Group Technology is in the rejuvenated layout of 

the factory floor. The two types of leyout shown in FIG.5-5 

(a) and (b) are respectively, Functional Layout and Group 

Layout. The former is the most common in industry today, 

because it has been perpetrated since the days of the 

Industrial Revolution. Group Layout is associated with 
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Group Technology and
 it is with this type that we are 

concerned. There is Little doubt that Group Layout is 

superior to Functional Layout and it is characterised 
by 

the absence of, queues of work in progress and regimented 

arrangements 
of machine tools, Passageways are wide and un- 

cluttered and there is an abundance of shop floor Space e 

Group or Cellular Layout is one of four basic types, Vi2'~ 

(i) A Fully Integrated Group Flowline Systems FIGS. 
  

3-12 (b) and 5.6 (a) - where the use of conveyors for work 

flow between machines is utilized. Machines are arranged 

in a sequence SO that all operations performed are done So 

on proceeding machines, thus eliminating 
Ipack-tracking

 'e 

A component. need not visit every machine on the Line and 

hence operators are required to move from machines not 

being usede The length of conveyors between machines is 

designed to create & puffer for components which may 

accumulate due to inbalance of operation times. 

(ii) A Semicintergr
ated Group Layout, FIG. 5-6 (b) - 

in which conveyors are used for between process storage and 

transportatio
n purposes only. The conveyors do not connect 

consecutive machines and ‘pack-tracking'
 of components is 

possible. 

(aii) Group Layout System, FIG. 7-1), - a cell of 

machine tools without any snterconn
ected transportatio

n 

facilities is grouped in the best possible order to carry 

out all the processes necessary on 4 family of similar parts. 

A general flow of work is assumed and the majority of com- 

ponents will follow this path, howevers some ‘pack-tracking'
 

will occure It is also possible that a component may have 
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to visit a machine more than once in the cycle, so that 

some delays may eventuate. 

A feature of the Group Layout System is the complete 

independence of the group as far as the manufacture of 

components associated with it are concerned. It is re- 

commended that the group has its own tool, jig and fixture 

store, raw material store, inspection, quality control, work 

planning and data facilities. 

The cellular type of layout to date, is the one most 

conmonly used for Group Technology implementation. The 

design of a homogeneous group of machines capable of 

handling a given work load and positioned in the most 

advantageous manner requires careful analysis and planning. 

A recent publicatéen?? featured one method of approach to 

this problem which proved successful in a practical Group 

Technology situation. 

The method is outlined as follows:- 

(a) The machines and their capacity utilisation 
required to set up the cell was determined by 
the use of two part number-machine matrices 
which, 

(1) Listed the operation time for each machine 
and each component. 

(ii) Obtained the annual load by multiplying 
each operation time by the annual component 
requirement, 

The annual load for each machine was divided by 
2000 to give an indication of the machine and 
labour requirements. 

(b) ‘he number of direct operators needed was 33 and 
based on the ideal cell size of 6 to 10 personnel, 
the indication was, that 3 to 5 sub-groups were 
required, and a flow analysis was used to deter- 
mine suitable break-points in the flow pattern 
to coincide with sub-group boundaries. 

(c) A 'To-From' flow chart using the machines in 
question recorded movement of components from one 
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machine to another. The overall frequence of 
movement indicated three levels of flow viz., 
primary, secondary and tertiary. 

(4) A network of primary flow patterns proved very 
complex and was even more so with the secondary 
and tertiary patterns included, hence one primary 
flow pattern was determined and the others atte 
ached as subsidiaries. This was achieved by 
selecting the machine which had the greatest 
difference between 'From! and 'To! totals, indic- 
ating that it was the machine from which the 
majority of components start their operations. 
By starting from this machine and tracing 
through the highest transfer frequencies, the 
primary flow pattern was established. Other 
transfer frequencies were checked to complete 
the overall flow pattern. 

(e) The flowepattern was simply converted to machine 
tools, but proved somewhat difficult when the 
machine type appeared more than once on the chart, 
requiring further calculation. 

(f) Sub-group boundaries emerged and taking into 
account particular manufacturing restrictions, 
lh, sub-groups or cells were decided upon. 

(g) A model shop layout was constructed, based on 
the flow chart, where final cell design details 
were completed. 

The cells designed to this plan have been partially implement- 

ed at the date of publication, 

(iv) A Single Machine Cell. Many components, because 
  

of their simplicity or their wmiqueness. can or have to be 

produced completely on one machine and where the machine 

loading is great enough this machine can be treated as a 

Single cell e.g. small rotational components produced in 

large batches on a capstan lathe, or large cubic shaped 

castings machined completely on a floor borer. The general 

approach to this situation is to analyse the component 

drawings of the family to be machined, and then produce an 

integrated drawing incorporating all the features found to 

exist on the individual drawings. The result is a ‘composite! 

component, FIG. 2-1. The single machine is then tooled up 
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to produce the composite component or any component having 

combinations of features which exist on the composite. 

A single machine cell was very successfully applied by 

Ferranti, in Seotlana”4 to small components. A Hardinge 

turret lathe was found suitable, because the tools could 

be set on a fixture away from the machine, thus reducing 

down-time. FIG. 5-7 (a) illustrates a typical set-up for 

this machine and FIG. 5-7 (b) a a of components which 

can be machined using the set-up in (a). FIG. 5-8 (a) and 

(b) show two further composite components and their tooling 

requirements. Different preset turrets are mounted on the 

lathe and checked within 15 minutes. Individual tools can 

be preset and put in the turret on the machine, in a minute 

each, Set-up time on the machine is kept to an absolute 

minimum and Ferranti quote it as 5% of conventional time. 

Stop setting has been eliminated by the use of digital 

readouts, thus making further reductions in machine setting. 

Using this technique the firm was able to manufacture forte 

nightly quantities at a cheaper rate than they could 

previously for three monthly quantities, thus obtaining 

flexibility and at the same time substantially reducing 

finished stocks and hence holding costs. 

(c) Development of Better Suited Machine Tools. 
  

This is a feature of Group Technology which has not developed 

to any significaht extent, because of the small number of 

firms using Group Layout, resulting in poor demand for the 

type of machine tools in question. Opitz's Stutiwtica’ 

highlighted the underutilization of machine tools as did 

the later domes! by PERA. They indicated the need 
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for the development of a different breed of machine tool 

which was more specific in its application than the 

universal type commonly found in industry today. Typical 

designs of machine tools suitable for simple workpieces 

and use with G.T. were proposed by Mol 58 Because of 

the elimination of wmwanted features on these machines, 

FIG. 5+9 (a), they are cheaper and occupy less floor 

space than conventional machines, FIG. 5-9 (b). It is 

wmlikely that machine tool manufacturers will design and 

produce any wide ranges of specialized machine tools 

unless the demand is there; but this may eventuate as 

Group Technology becomes more widely accepted by industry. 

(d) Machine Operator Flexibility. Because of the 
  

under-utilization of secondary machines in a cell, it is 

necessary for some or all of the personnel of a cell to 

move to and from machines within the group, as the need 

arises, Operator flexibility is not common in a convent- 

ional shop where operators tend to stay on the one machine, 

and there are many instances of men spending 20 and 30 

years on a particular machine. In some cases the resistance 

to flexibility hinders the progress of cellular operations, 

but firms have generally found that after an initial period 

of resistance, workers come to terms with the situation and 

eventually do what is required. 

‘Should the occasion arise when an operator is absent from 

work for a day or even weeks, then his machine need not 

lay idle and this ability to cover up absences by labour 

flexibility also applies to holidays which can be planned 

so that the cell keeps going with a minimum of disruption. 
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43 
In one case”, it was found that operators working in the 

new environment of a cell moved freely from machine to 

machine whereas, before, in the functional shop, there 

had been great reluctance to do so, 

In many cases there is an over emphasis placed on operator 

flexibility and opposition to it on the part of shop floor 

personnel is generally a way in which they are able to 

offer resistance to the implementation of G.T.. Before 

stressing operator flexibility as a requirement for G.T., 

the degree of flexibility required for cells should be 

determined and its requirements imposed on the cell 

personnel with a minimum of publicity once the cell has 

been set up. 

Some practical G.T. installations have experienced opposit- 

ion to flexibility of labour, whilst in others it has not 

been a problem. One compromise approach’? has been to 

allow the key machine operators fixed responsibility and 

to have flexibility among the deburrers, millers and 

drillers, A half-way approach may prove feasible in compan- 

jes where stiff opposition is encountered, and where complete 

acceptance of flexibility is expected to follow at a later 

date, 

(e) Use of Preset Tooling. Preset tooling has 
  

already been treated under section (a) above, where the 

‘composite! component approach to cell design was described. 

The use of preset tooling, however, is not confined to a 

one machine application, and generally develops within a 

G.T. system once it is in full swing and engineers are 

looking at ways and means of improving methods to gain the 
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5.6 

utmost benefit. Tool manufacturers pay much greater 

attention to presetting devices for machine tools in 

present day industry. Quick-change tool holders for 

centre lathes enable a variety of turning tools to be 

preset and brought into action at a momentS notice. 

As with many other techniques, presetting does not need 

Group Technology to introduce it, but in the general 

endeavour to improve, which Group Technology engenders, 

tool presetting along with other techniques is given much 

greater emphasis than it would normally. 

Management. 

(a) Employee Satisfaction and Job Enrichment, One 
  

of the greatest changes which has emerged from industry 

over the past five years is the change in relationship 

between employer and employee. No longer does a firm use 

its employees like so may robots whose job it is to get the 

work done irrespective of their personal feelings. No 

longer will the employee accept the automaton role, where 

his working conditions and environment are factors over 

which he has no control. 

Whilst our manufacturing methods have changed little since 

the Industrial Revolution, human relations in industry have 

made giant strides and it seems that they will continue to 

do so, Many firms in industry today are paying large sums 

of money to study ways and means of wooing their workforce 

and such benefits as long service leave, bonus schemes, 

profit sharing, added value schemes and increased worker 

participation in management, are but a few of the ploys 

which have been used to improve employee satisfaction. 
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Group Technology also plays its part in increasing 

employee satifsaction. Two very good papers on the human 

aspects of Group Technology were delivered by well known 

authorities on the subject, viz. J.S. Wilford, Vice 

President-International, "Production" Journal end F.W. Craven, 

Planning and Development Director, Herbert Machine Tools. 

Ltd., Coventry. The first?° lists the following social 

values, which are attributable to Group Technology in the 

order in which they become evident. 

1. Identification with the product. 
2. A sense of responsibility for quality. 

The ability to commuicate freely. Be 
h. dob Enlargement, 
5. Increasing autonomy. 

The second vipa compares past with present human relations 

in general engineering workshops, the present situation and 

problems encountered in cellular groups and a forecast of 

the future of Group Technology with respect to human relat- 

ions. The term 'job enrichment! naturally goes hand in 

hand with employee satisfaction, because if an employee is 

given more interesting, more absorbing and less monotonous 

work, he will surely be more satisfied. 

Job satisfaction may be defined by the following indicators. 

(i) Earnings - A worker might be satisfied or 
dissatisfied with his weekly earnings. 

(ii) Working Conditions - Heating, lighting, acoustic 
environment etc. are all factors which affect 
job satisfaction. 

(iii) The Job - Jobs done by workers vary from trivial, 
fragmented, short cycle tasks to complex and 
challenging jobs. The nature of these will 
affect job satisfaction. 

(iv) His Colleagues - The relationship which a worker 
has with his colleagues will have a big bearing 
on job satisfaction. 

(v) Management ~ The relationship with managers, 
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superiors etc., in the enterprise is a factor 
of an employee's satisfaction. 

(vi) Prospects - The hope that his job will lead to 
some desirable future will have a large influence 
on an employee's satisfaction with his job. 

There are three ways in which jobs can be enriched, viz., 

(i) Raise and/or lower the degree of skill or mental 
effort required by an employee during the course 
of his daily activities. 

(ii) Broaden or widen the range of tasks to give him 
greater variety, without requiring him to increase 
his skills or mental capacity, 

(iii) A combination of (i) and (ii). 

Case (ii) is also termed 'Jjob enlargement! for obvious reasons. 

Many well known firms have made changes in their production 

methods to incorporate one or more of the three cases mente 

17 such well known firms as Saab and ioned. Burbridge quotes 

Volvo (cars), Phillips (television sets) and I.B.M. (type- 

writers) as having dispensed with the line assembly of their 

products in favour of the autonomous group assembly. Volvo's 

transition is quite unique to the car industry and can be 

held up as an example to others of what can be achieved by 

fostering better management/worker relations. Volvo's aims 

have been stated cnt 

We have tried to create a production system which will 
give people some meaning and satisfaction in their jobs 
and at the same time the chance to work in small friend- 
ly groups. A product made by people who find some mean- 
ing in their work can also attain a very high standard 
of quality." 

The company has had only one day's strike in the last 10 

years, but are convinced that by giving employees a more 

personalised role in planning and production, more benefits 

will accure, such as, 

(i) lower turnover of personnel. 
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(41) reduced absenteeism. 
(iii) higher standards of quality. 

Within the Volvo factory, the atmosphere of the small work- 

shop has been built in, because within each group, they 

instal and become experts in entire functions of the car, 

e.g. electrical system, controls, internal fittings etc.. 

The groups enjoy an ideal physical working environment and 

attention has been paid to such detail as acoustics, so 

that it is possible to converse at normal volume. Groups 

have their own amenities right beside their workplaces and 

these include, 

(i) ‘coffee corners! with pantry, refrigerator, coffee 
machine, and wall to wall carpeting. 

(ii) changing rooms with washing facilities, showers, 
saunas, toilets, drying cabinets, wardrobes and 
cupboards for clothes. 

There is little doubt that Group Technology, besides offer- 

ing a greatly improved and efficient manufacturing system, 

will also open up new avenues of desirable relationships 

between management and workers and thus stem the tide of 

unrest which is evident in industry today. 

(bo) Better Organisation of its Function. How often 
  

is it said by workers on the shop floor that top management 

have very little idea of what really goes on within a 

factory and that many routines and procedures carried out 

are done so in complete ignorance to top management. A 

sad state of affairs, and one which any company director 

would desire to eliminate, but with the present complex 

structures which exist in materials flow, stock control, 

conglomerate plant layout and long production cycles, 

there is little hope that a simple, clear picture of the 
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whole enterprise will ever emerge. 

Group Technology, applied as a 'systems approach! does 

offer a clear, unclouded insight into all aspects of a 

company's operations. The 'systems approach! has been 

59 
investigated” and proposed for a large company. The 

framework of the proposed system is shown in FIG. 5-10. 

The nucleus of the system represents the three production 

process areas of design, process planning, and manufactur- 

ing and assembly. The system areas which directly affect 

these areas viz., Production System Design and Production 

System Control are grouped closely to them. The peripheral 

or indirect system areas of Corporate Planning and Organ 

izational Structure, Procurement, Marketing and Sales, 

Quality Assurance and Accounting which complete the total 

corporation breakup, are shown around the outside perimeter. 

Group Technology lies within the area of Production System 

Design. The systems approach, however, is entirely new 

and corporations of the future may see it as the 'total 

approach! necessary to implement corporate policy with a 

full measure of insight and control. 

The ‘limited approach! to Group Technology as is most 

commonly applied, offers management, to a large extent, the 

control and ability to predict operational output which is 

not possible with a functionally laid out system. The areas 

‘or features affected by Group Technology are first tab- 

ulated and then explained as follows:~ 
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Item Feature FROM CONVENTIONAL | TO GROUP TECHNOLOGY 
PRODUC TION PRODUC TION 

a Plant Layout Functional Group Layout 
Layout 

2 Production Control Stock Control Single Cycle 
. Flow Control 

3 Production Ordering} Long (> 2months) Short (< 2}; 
Cycle weeks ) 

h Component Loading Random Planned 
Sequence 

CORPORATE CHANGES REQUIRED WHEN IMPLEMENTING GROUP TECHNOLOGY. 

(i) Plant Layout:- This feature of Group Technology and 

its advantages over a functional system has been fully 

described in section 5. (b). However to summarise, a 

functional workshop flow pattern has been likened to a 

"bowl of spagetti' where component routes follow random 

paths, criss-crossing and wmordered between all machining 

and processing areas. The group layout is characterised by 

a well ordered system of repetitive flow paths forming a 

well defined pattern which can be properly designed to 

ensure free and unhindered flow. See FIG. 5-11. 

(ii) Production Control:- Production control will be 

fully dealt with in Section 5.5 (d). 

(414) Production Ordering Cycle:- Very few batch prod- 

uction companies of today use an average ordering cycle of 

less than 8-10 weeks because of the fact that with Stock 

Control and Fimctional Layout, it is impossible to control 

production efficiently or economically with a shorter cycle. 

Short cycles are desirable for a number of reasons, Vize, 

1. Smaller batches can be programmed, thus enabling 
shorter throughput times, smaller work in progress 
and finished stocks. 
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2. If the cycle is small enough, only the components 
needed for products which can be sold, have to be 
made. Alternatively, as orders for products are 
received, the components needed can then be man- 
ufactured with a delivery time equal to the cycle 
time. 

36 It enables a quick response to market fluctuations; 
an increase in demand can be met within the period 
‘of a production cycle, thus eliminating stocks held 

for this purpose. 

he There is less chance of stock losses due to obsol- 
esence or product design changes brought about by 
competitor product dominance. 

5S. Due to the short cycle and throughput times, the 
production system is much more flexible and able 
to respond very quickly to rush orders, cancellat- 
ions and other unforseen variations which although 
undesirable are part and partial of every manufact- 
uring system. 

The use of a short cycle imposes certain requirements on the 

system for it to function correctly, these are, 

1. Throughput times for all batches must be less than 
cycle times. 

2. Setting-time losses due to increasing the number 
of set-ups, must not reduce capacity below the load 

requirement. (This of course is offset by family 
grouping and correct sequencing which will be 
explained next.). 

(iv) Component Loading Sequence:=- The stock control 
  

ordering system used with conventional production releases 

orders at random, making it impossible to use a pre-planned 

machine loading sequence and orders must be loaded as receiv- 

ed; in a random sequence. 

The Group Layout of machines and family grouping of components 

offers the opportwmity to plan the sequence in which machines 

are loaded in order to obtain a minimumof set-up time. Ifa 

aipeseeton of components progressing through a cell require 

similar operations on the same machines, then adjustments 

required to set-ups between components is confined to fairly 
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simple proportions e.g. changing tools (which can be 

pre-set), altering stops etc., all of which can be 

effected in a few minutes, With planned sequencing 

together with the use of specialized jigs and fixtures, 

the use of preset tooling according to the composite 

component principle, leads to the optimization of cell 

production. 

  

Analytical Support for G.T. Production. A new Operational 

Research design technique called A.I.D.A. (Analysis of 

Interconnected Decision Areas) has been used to support the 

hypotheses put forward for Group Technology Production: 

A.I.D.A. utilizes a decision network, FIG. 5-12 (a) showing 

all the decision areas involved as circles; all the options 

available in each decision area as spots, with lines known 

as'links' joining any pairs of options which are incompat- 

ible. Strong links (full lines) indicate options which 

cannot go together, while weak links (dashed lines) indicate 

options which can be used together, but where such union is 

undesirable. FIG. 5-12 (a) is a part decision network for 

a mechanical engineering factory showing only the hypothesis 

areas, These are the only areas interconnected by strong 

links and if all posasbie combinations of options are found 

for these areas, they will form the basis for the final 

solution. The links shown in FIG. 5-12 (a) are identified 

for the following reasons:~ 

1. Link ag. Stock control ordering releases orders 
at random, making a pre-planned loading sequence 

impossible. 

2, Link ae. A short cycle cannot be used with stock 

control because with the latter the lead time 

should be no more than 2/3 of the consumption time 
(ref. 61) 
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3. Link ad. ‘Stock control produces a widely 
fluctuating machine-hour load of work on depart- 
ments. Group Layout exaggerates this deficiency 
in the groups. 

h. Link ce. Long throughput times are synonomous 
with a Functional Layout and short production 
cycles cannot be used, 

Sy Link cg. Because of the many different cost 
centres associated with functional layout a 
planned loading sequence is not compatible with 
it. 

6. Link gf. A planned loading sequence cannot be 
used with a long cycle because of the impractic- 
ability of holding plans for long periods. 

There are two options in each decision area of FIG. 5-12 (a), 

making a total of oll or 16 combinations of options shown 

tabulated in FIG. 5-12 (b). Eliminating those precluded by 

links, leaves five possible solutions as shown in FIG.5-12(c). 

The optimum solution is reached by considering the criteria 

for choice, of (i) cost and (ii) investment. An analysisy! 

of these two factors lists the following as the greatest in 

  

  

each case. 

Cost. Investment. 

Plant Layout Functional Functional 

Production 
Control Stock Control Stock Control 
  

Ordering Cycle Long or Short Long 
  

Loading Sequence | Random Random           
The best solution is the Group Technology system comprising 

group layout, flow control, short cycle and planned loading 

sequence. The worst solution is the Conventional system of 

functional layout, stock control, long cycle and random 

loading sequence, 

(c) Using a Classification and Coding System. The use 
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of classification and coding has already been fully 

described in Chapters 3 and h, The way in which it 

benefits management is by simplifying the task of imple- 

menting the G.T. system and subsequently providing the 

means of analysing the component flow and planning the 

loading sequence. 

(a) Better Stock Control Procedures. The 'Stock 

Control! system of maintaining a supply of components in 

stores to meet assembly requirements is outlined in FIG. 

5-13. With this system, each component is controlled 

separately and orders for new batches are issued each time 

the stock of a component drops to its own special 're- 

order level'. The number ordered in each case is based on 

the Economic Batch Quantity (E.B.Q.) concept for economic 

production, rather than on the actual or forecast require- 

ments for assembly and sales, and invariably leads to the 

production of much larger batches than required, necessit~ 

ating the holding and consequently the investment of large 

stocks. The major deficiencies of the Stock Control 

ordering system are outlined in FIG. 5-1). 

The Period Batch Control or Single Cycle Flow Control 

system which is advocated for Group Technology overcomes 

most of the deficiencies associated with Stock Control. 

Its method of operation i outlined in FIG. 5-15. The 

ordering of components for assembly is based on a series 

of short term production programmes drawn up from sales 

orders or forecasts and issued to a regular cycle. As 

previously stated the shorter the cycle the better, with 

between one to four weeks as the ideal, depending on 
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operation times and demand. 

(e) Reduction of Stock Inventories. As already 
  

stated in sections 5.5 (b) and (d) this benefit is a 

direct consequence of the use of Period Batch Control 

ordering coupled with a Single Cycle Flow Control product 

icon cycle. Savings in stock investment can be quite 

considerable as shown by the firns”°, 

Serck Audco - hg stock reduction. 

G.E.C. Elliott Control Valves - O% stock 
reduction. 

Conclusions. 

A vseful resume of economic savings outlined by Professor 

71. Borbricee’” is included ioaid. Sabi 

It is hard for one not to be over enthusiastic about Group 

Technology when one realizes that the benefits and effects 

outlined in this chapter are real and proven and are there 

for the taking by any firm which has the foresight and 

courage to commit itself to a major restructuring of its 

corporate system. 
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6e1 

THE PROJECTS. 

Outline of a Feasibility Study for the Introduction of Group 
  

Technology into Bronx Engineering Co. Ltd., Lye, Stourbridge. 
  

Bronx Engineering have been interested in the application of 

Group Technology for some years and first made approaches to 

the University of Aston in Birmingham, previous to November 

1973, when Professor Thornley visited the company and 

issued a preliminary report pertaining to the suitability 

or otherwise of G.T. for the company. Subsequent to this 

report the company requested a deeper study to be made of 

the components in house and those subcontracted, either in 

total or partially. This study was commenced by the writer 

in February, 1975. 

The approach chosen for this study was decided on in a number 

of stages as follows, 

(a) Code a sample of drawings taken from a current 
production schedule, using the standard Opitz 

Code. 

(b) Modify the Opitz Code to develop a code more 
suitable for the Bronx Engineering range of 
components and manufacturing procedures. 

(c) Reclassify. the sample to ensure the modified 
code's suitability. 

(a) Study the existing plant layout and component 
flow patterns in order to highlight deficiencies 

in the present system. 

(e) Obtain a computer printout of the coded components 
in numerical order and analyse the printout to 
determine the class breakup and divisions accord- 
ing to the parameters of the code. 

(f) Using the firm's existing machines, design typical 
cells envisaged to be suitable for Bronx Ingin- 
eering. 

(g) Make recommendations for the ensuing change to 

Group Technology. 
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6.2 

(h) Make a verbal presentation and issue a detailed 
report of the study. 

Full details of this study are included in Section 7. 

Outline of a Feasibility Study for the Introduction of Group 
  

Technology into Hawker Siddeley Aviation Ltd., Middleton, 
  

Manchester. 

The possibility of applying G.T. to the general machine shop 

of the Hawker Siddeley Aviation Factory at Middleton, Manch- 

ester, has been prominent in the thoughts of the firm's 

Production Engineering Research engineers for several years. 

The firm has several undergraduate students doing production 

engineering sandwich courses at the University of Aston in 

Birmingham and it was arranged for two of these students to 

carry out the investigations necessary for the G.T. analysis 

as part of their requirements for their Undergraduate (Final 

Year) Project. 

An initial survey of aircraft component drawings was under- 

taken by the writer in order to become familiar with aircraft 

component types and the project in general, so as to be able 

to act in an advisory capacity for the student? work. 

The overall approach is basically the same as the Bronx 

Engineering project and is outlined as follows:- 

(a) Code a sample of aircraft component drawings taken 
from past designs, using the standard Opitz code, 
to become familiar with a component mix typical to 
the aircraft industry. 

(b) Analyse the components via the classification 
digits to ascertain proportions of various classes. 

(c) Allocate areas of responsibility and specific 
tasks to the two undergradute students as out- 
lined in the following two Project Statements. 

(ad) Make recommendations for the ensuing change to 
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Group Technology. 

(e) Using the information collected, make a verbal 
presentation to Hawker Siddeley managerment and 
issue a detailed report on the study. 

UNDERGRADUATE PROJECT STATEMENT NO.1. 
  

i. 

26 

3e 

he 

Classify a sample of drawings, say 300 by the standard 

Opitz Code. 

In consultation with engineers, planners, etc., at 
Hawker Siddeley establish a set of coding objectives 
around which modifications to the Opitz code can be made. 

In consultation with Professor R. H. Thornley and A. W. 
Boundy. develop a Hawker Siddeley code around the 

objectives stated in 2. 

Classify a large sample of drawings, say 2000, using 
the modified code and record drawing and code numbers 

on to data sheets. 

Punch cards for all components in the sample. 

Sort cards in ascending numerical order. 

Obtain computer printout of card sort. 

Analyse printout showing breakup of components into digits 
and special categories as indicated by the Supplementary 

Code, : 

UNDERGRADUATE PROJECT STATEMENT NO.2. 
  

1. 

26 

3e 

Verify Machine Shop and Spar Milling Layouts and amend 
existing layout drawings if necessary. 

Check listing of plant in the above sections and amend 
if necessary. 

Check process sheets from present work schedule to 
determine actual routes and departments visited and 

ensure their accuracy. 

Using a number of these process sheets, say 10, draw up 

component routes on layout drawings. 

Select a number of rotational components from samples 
used in Project 1 and design and draw a suitable cell 
in consultation with Professor R.H.Thornley and A.W. 
Boundy. 

Select a cross sectional sample of components from 
both commonplace and wique varieties, obtain their 
process sheets and determine their actual throughput 
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times. Include in this sample the components 
selected for the cell designed in 5, 

7. Assess typical cell throughput times for these 
components and show the overall improvement in 
throughput times envisaged. 

Further details of this study are included in Chapter 8, 
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GROUP TECHNOLOGY SURVEY IN A COMPANY MANUFACTURING MACHINES 

FOR THS STEEL PROCESSING INDUSTRY. 
  

The Company Structure. 
  

The Bronx Engineering Co. Ltd., Lye, Stourbridge, are manu- 

facturers of a wide range of machines used in the steel 

forming and processing industry. Appendix 1 lists the range 

which Bronx Engineering make and gives examples of the wmique 

and unusual types available, which a. illustrated in the 

accompanying booklet. Their market is world wide and they 

have agents in most of the world's developed countries. A 

figure of between 70 and 80 per cent of their total manufact- 

ure is exported to overseas customers. 

The corporate structure consists of three separate identies 

each controlled by its own Board of Directors, viz., Bronx 

Holdings Ltd., which has managerial control of the other 

two, Bronx Process Engineering Ltd., and The Bronx Engineer- 

ing Co. Ltd.. The latter is responsible for the manufacture 

of all products, but management of the ordering, sales etc. 

is divisionally controlled, the product details for each 

division being listed in Appendix 1. All three companies 

above are located at the factory site at Lye, Stourbridge, 

Worcestershire, 

The manufacturing company, Bronx Engineering, functions under 

the control of a number of Works Managers each responsible 

for a department e.g. Quality Control, Manufacture, Design, 

Production Planning and Control etc.. 

The Production Programme, 

Manufacture is based on a schedule consisting of orders for 

machines which have been allocated a delivery date in consul- 
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tation with the customer. Delivery dates vary from one to 

twelve months depending on the machine ordered. 

& monthly Production Prograrme is drawn up taking into con- 

sideration the delivery dates promised for machines in the 

schedule and a fixed budget allocation. Programmes are 

balenced to coincide with the financial budget allocation 

by adjusting delivery dates and/or transferring work between 

programmes.» FIG. 7-1 shows a typical monthly Production 

Programme e 

The production flow chart, FIG. 7-2, illustrates the various 

stages of manufacture within the present Bronx production 

system, Factors which affect the determinationof the Product- 

ton Programme other than those mentioned above are:- 

(a) The manufacturing times of components. 

(bo) The availability and delivery dates of bought-out 
items. 

(c) Raw material supplies. 

(a) The throughput times of sub-contracted components. 

The Sales Department produces works orders which authorize 

the commencement of production of each product and from these 

works orders the Design Department produces drawings and a 

List of al] parts both manufactured within and bought out 

necessary to complete a machine. Certain contracted items 

are pre-ordered at this stage in an endeavour to gain as 

much time as possible to ensure an early delivery. A 

schedule of parts and drawings is issued to the Works Depart- 

ment and the Buying Office so that manufacture of all compon- 

ents can begin. The Works Department assesses the work load 

and sub-contracts out that which it cannot handle along with 

certain processes such as gear cutting, grinding, balancing 
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etce, which are automatically let out because of lack of 

production facilities at Bronx Engineering. 

Each machine manufactured has its own progress chaser whose 

job it is to keep in touch with all components belonging 

to his machine and ensure that their manufacture is completed 

by the date when assembly is due to start. Assembly dates 

are set to meet the product delivery times stated in the 

Production Programme. 

Problems of Manufacture and their Possible Solution. 
  

Because of the uniqueness and the degree of specialization 

in the manufacture of their products, Bronx Engineering 

enjoy a share in a relatively stable world market for their 

products, They are able to compete successfully with over- 

seas firms because their prices, delivery dates and service 

have been equal to or better than their competitors. Their 

delivery dates have been met by a programme of energetic and 

conscientious progress chasing. However, the meeting of - 

delivery dates has become increasingly difficult and the 

firm's engineers are continually being plagued by this 

problem. 

Added to the above problem are the escallation of manufact- 

uring costs due to inflation, which have eroded the firm's 

profit margin, because in order to win overseas contracts, 

Bronx are required to maintain prices which are comparable 

with their overseas competitors. Britain has had one of the 

world's highest inflation rates in the past years and this 

has free enlarged Bronx's manufacturing costs problem in 

relation to that of their competitors. 

As can be seen by the flow chart, FIG. 7-2, Bronx Engineering 
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sub-contract a large proportion of their manufacture to 

outside firms. In fact this figure is freely quoted as 

30% of the total manufacture. During the past two years 

Britain has gone through a period of industrial unrest 

and many firms have experienced cash flow problems as well. 

Hence with this large amount of outside contracted work, 

Bronx Engineering have been greatly inconvenienced by the 

above problems affecting their contractors and this has 

added to their own problems of meeting delivery dates. 

Some staff personnel within the company have been interested 

in the possibility of changing the present manufacturing 

system to one employing Group Technology principles. They 

see Group Technology as achieving a two fold purpose, viz. 

1. By the reduction of throughput times, work-in- 
progress and more efficient use of the work 
force, reduce manufacturing costs and maintain 

a reasonable profit margin. 

2. With the cellular control of manufacture avail- 
able through Group Technology; production of 
components for assenbly can be accurately planned 
and hence product delivery dates more easily met. 

The above thinking has led the company to approach Professor 

Thornley of the University of Aston in Birmingham, for his 

advice as to whether Group Technology would be suitable for 

the company or not. 

Introduction to the Bronx Engineering Survey. 

In consultation with Bronx Engineering it was decided that 

the survey should be carried out by University personnel 

and Bronx engineers would co-operate with the investigators 

in supplying details of works layout, process sheets, manu- 

facturing details and sub-contracted work etc.. The firm 

also agreed to manual assistance if required. 
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705 The Initial Coding Exercise and Development of the Bronx 
  

Modified Code. 

A sample of 813 drawings was obtained from Bronx Engineering 

representing a cross section of components from a current 

production programme. Coding was commenced using the Opitz 

code, but it soon became apparent that the code would be 

unsuitable unless it was modified in both the geometrical 

and supplementary sections. Modifications to the geometrical 

code were carried out as follows:- 

1. Rotational Components - Classes 0,1,2,3 and h. 

The Opitz Code is usually found to be satisfactory by most 

users in its description of rotational components and this 

was the case with Bronx Engineering. 

2.  Non-Rotational Components - Classes, 6,7 and 8. 

Flat, long and cubic class (6,7 and 8 respectively) components 

are often inadequately described by the Opitz code, because 

of the wide variation of possible geometrical configurations 

applicable to these classes. Hence, firms must first analyse 

the non-rotational components within their range and modify 

the Opitz Code digits to describe them in such a way as to 

facilitate the formation of similar technological families 

of these components. 

An analysis was carried out on Bronx Engineering non-rotational 

components and it was decided to modify two of the above classes, 

namely flat and cubic. These modifications are as follows:- 

Flat Components. - Class 6. The Opitz code FIG. 7-3 (a) 

in the overall shape column, allocates five (5) digits (O to h) 

to the description of plane components, two (2) digits (5 and 

6) to flat components, two (2) digits to curved and one (1) 

digit to others. Many components both fabricated and cast 
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which fell into this category were either block-like or 

box-like and the only digit of the above which could be 

used for these is digit 6. It was decided to modify the 

overall shape digit, FIG. 7-3 (b) as follows:- 

(a) Combine digits 1 and 2 thus reducing the plane 
digits to four in number. 

(ob) Reword digit 5 rename it digit ). 

(c) Reword digit 6 and insert digits 5 and 6 to 
describe block-like and box-like components 
respectively. 

Cubic Components ~~ Class 8. These are divided into two 
  

categories, block and block-like or box and box-like. The 

Opitz code FIG. 7-l (a) in the overall shape columm progresses 

tifough digits 0,1 and 2, with a description of rectangular 

prismatic and compounded rectangular prismatic components. 

However, digit 3 jumps to a description of components with 

a momting or locating surface and a principal bore, but 

makes no provision for components which do not have a 

principal bore, of which there are many. Thus the Opitz 

Code would place the latter type of component in digit 5, 

which is higher in the complexity scale to digit 3, when in 

fact these components are comparable to digit 3 components. 

In order to place these components in the same category, 

digit 3 was modified as shown in FIG. 7+ (b). 

3. Supplementary Code. Before any appreciation of 

the modifications required for the supplementary code could 

be made, an outline of the manner in which components are 

manufactured at Bronx Engineering was necessary. The reason 

being that at least 30% of all components produced require 

contracted work to be done on them. A figure of 30% was 

quoted by the planning engineers but a later analysis of the 
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computer printout of the sample showed a figure of 20% for 

subcontracted work. The reason for the discrepancy is that 

the sample did not contain many wholly contracted components, 

these being left out purposely by the company's engineer 

when selecting the sample. Contracted work can be separated 

into two categories, Vizi- 

(a) Partially contracted. 

(b) Wholly contracted. 

(a) Partially contracted work = consists of a number of 
  

specialized processes outlined as follows:- 

1. General Machining, - Includes turning, boring, 
Milling, grinding, and drilling operations which 

cannot be accomodated on the firm's own machines 
because of insufficient capacity or overloading 

conditions. 

2. Flame Cuttine.- A small number of components have 
to be contracted out for this process because of 
overloading in the firm or lack of machine capabil- 
aby. 

3. Heat Treatment. - Includes stress relieving of 
fabricated assemblies, flame hardening and any 
other heat treatmentprocess which is carried out 
subsequent to processing at Bronx Engineering. 
Stress relieving is required on a large number of 
assemblies and represents a sizable portion of 
contracted work. Some assemblies have to go out 
twice for stress relieving during manufacture. 

hk.  Balancing.- Represents a minor segment of contracted 

work. 

5S. Spur and Worm Gear Cutting - This area is,along with 
stress relieving one of the largest contracted pro- 
cesses, Bronx Engineering are essentially machine 
manufacturers and consequently a substantial pro- 
portion of their component mix consists of gears, 
pinions (both spur and helical), worms and worm 
wheels of all shapes and sizes. Gears mainly range 
in size from a few centimetres up to 50 to 60 centi- 
metres in diameter. Materials used are mild steel, 
cast iron, phosphor bronz and medium carbon low 
alloy steels. Large gears, greater than 80 m, 
diameter, are either made from forgings or are fab- 
ricated using a medium carbon, low alloy rim with a 
mild steel superstructure. Fabricated gears are 
contracted out for rim and teeth production as well 
as stress relieving. Many gear teeth are flame 
hardened which is also a fabricated process. 
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However, Bronx Engineering carry out all blank 
preparation and machining prior to gear cutting. 

6. Surface Treatment - All components requiring surface 

treatment such as sulphinuz, chroming, coatings 
(rubber and plastic), galvanizing etc. are contract- 
ed out. 

(b) Wholly contracted components - are designed and drawn 
  

by Bronx Engineering, but their complete manufacture is let 

out to contractors. Some shafts, components made from special 

materials (orkot etc.), guards and covers for machines, cal- 

ibrated scales etc., fall into this category. 

The supplementary code presented a formidable problem as 

there seemed to be far too many combinations of restraints 

requiring identification, for the code to handle. The 

restraints of course, being the contracted processes and the 

manner. in which the products are manufactured. Initially 

an existing modified version of the Opitz code was used, 

FIG. 7-83, which replaced the accuracy digit with an extra 

dimension digit specifying the rotational length 'L' and the 

edge~length 'C' (non-rotational). This digit was located 

between the first dimension digit and the material digit. 

By dispensing with the accuracy digit, it is assumed that 

accuracy is a machining feature which is an inbuilt character- 

istic of the machine or cell on or in which the component is 

produced, The machines already ‘in house' at Bronx Engineer-~ 

ing are presently coping with the accuracy requirements of 

their component design. As Group Technology merely requires 

a rearrangement of these machines then it can be assumed that 

accuracy will still be adequately catered for and hence 

there is nothing to be gained by coding it. In a new factory 

layout being designed along G.T. lines, a comprehensive accur- 

acy digit could be of some use to analyse the accuracy require- 
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ments of the component mix and so ensure that the correct 

machines were purchased to give the accuracy needed. 

In an endeavour to meet the Bronx Engineering situation, the 

material and initial form digits were modified, as shown in 

FIG. 7-6. The material digit, for light alloys (digit 8) 

was incorporated in the ‘other materials’ (digit 9). Such 

a change was justified, as Bronx Engineering use very little 

light alloy and the modification made provision for an extra 

mild steel digit (No. 2) to distinguish between mild steel 

which is flame cut and that which is saw cut, in different 

sections of the works. 

The ‘initial form! digit, FIG. 7-6, was modified to include 

an ‘outside contracted! digit (No. 7), to account for more 

than 30% of all components which were outlined previously. 

To enable the ‘inclusion of this digit, digits 5 and 6 (sheet, 

plate and slab), FIG. 7-5 were combined as digit 5, FIG. 7-6. 

Digits 8 and 9 FIG. 7-5, were also modified to combine forgings 

with pre-machined components as Bronx Engineering contract 

their forgings in the pre-machined condition. Bought~out 

components were also included in this category, digit 9, 

FIG. 7-6, 

Coding of the drawing sample was recommenced using the modif- 

ications outlined above, Although the code showed whether 

or not the components required outside contract work, it did 

not distinguish between the six (6) categories of partially 

contracted work previously outlined. Also, digit 7 (‘outside 

contracted!) was not a truly ‘initial form' digit and this 

feature of these components was lost, as well as suppressing 

the digits which could also be applicable, below it. To 
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overcome this difficulty the number of digits in the 

Supplementary Code was increased to five (5) creating a 

new digit headed 'Contracted Work', as shown in FIG. 77. 

After a few trial and error runs with the code, the new class 

was. divided into three categories vis.,; (4) no contracted 

work - 1 digit, (ii) partially contracted - 6 digits, (iii) 

wholly contracted - 3 digits. <A complexity order was 

determined in consultation with Bronx engineers, on the 

basis of the degree of difficulty to get completed. The 

digits of the 'partially contracted! category correspond 

to the six (6) categories mentioned previously with machin- 

ing and flame cutting conbined as these are seldom carried 

out together and it is hoped that Bronx Engineering will do 

all their own machining in the future thus leaving this 

digit, (No.1), for contracted flame cutting alone. A spare 

digit, (No. 6) is left for future allocation. 

The ‘wholly contracted! components needed to be split into 

two categories as shown (digit 8 and 9), because Bronx 

Engineering is not really concerned with how they are made 

and the broader classification is adequate. A spare digit 

(No. 7) is also available in this category. 

The drawings were recoded using the new code and every 

component fitted the code perfectly and to ensure its 

accuracy, the writer and one of the firm's planners rechecked 

the last three digits of the Supplementary Code. The code 

which has been developed would appear to be ideally suited 

to Bronx Engineering. 

Features of the code are as follows:- 

1. Contracted Work: By allocating a separate supple- 
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2. 

Be 

mentary digit to contracted work, a comprehensive 
description of this feature is possible, without 
affecting other digits of the code. If and when 
contracting requirements change, digits of this 
code can be altered or deleted thus maintaining 
an up to date knowledge of this important feature. 

Family Formation: In the formation of component 
families for Group Technology cells, those compon- 
ents requiring specific contracted work can be 
identified and allowance made for them in the 
production planning stage. 

Analysis of Contracted Processes: A complete 
analysis of all contracted processes required for 
a production programme can be made in advance, 
thus allowing decisions to be made in advance 
instead of hurriedly or on the spot. 

  

Examples of Specific Component Identities: The following 

examples will illustrate how the last three digits of the 

Supplementary Code can select specific components. See FIG.7~-7. 

(a) 

(b) 

(c) 

(a) 

(e) 

(f) 

(g) 

(h) 

(i) 

A stress relieved component, manufactured 

by fabricated M.S. assembly ~- XX362 

A forged, medium carbon gear wheel - XX 7h 

A modified,bought-out standard M.S.component = XX390 

A M.S. component, flame cut from plate = XxX250 

A phosphor-bronze cast worm wheel ~- Xx88) 

XX358 A M.S. machine guard 

A medium carbon roll requiring superfinishing Xxh08 

An orkot (Fibre composition) shaft bearing - XX929 

A casting requiring contracted internal - Xx081 
grinding 

The ability of the Bronx supplementary code to sort out specific 

contracted types will make it possible to take this feature 

into account when family groups are being considered. 

Contracted Gear Cutting and Stress Relieving. 
  

All parts requiring gear cutting are contracted out for this 

process and unreliable and long deliveries cause many delays 
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in product assembly. If Group Technology is implemented by 

Bronx Engineering serious consideration should be given to 

purchasing gear hobbing facilities to cope with as much of 

this work as is practically possible and to incorporate these 

facilities in the design of G.T. cells. 

Gears are a prime component in the assembly of the firm's 

products and their manufacture should be wholly controlled 

within the firm. Justification for the purchase of gear 

hobbing facilities should be straight forward when based on 

a cost saving analysis, which would highlight the following 

points: - 

(a) Savings in transport costs. 

(bo) Savings in the difference between the cost of 
contracting work and processing within the firm. 

(c) A reduction in the value of work in progress 
because of quicker throughput times. (A consider- 
able amount since these are high value components). 

(d) The elimination of delays of these components, 
because of cellular control within the works, thus 
enabling the assembly programme to proceed smoothly. 

(e) Creation of a new area of employment within the 
firm. 

Another process which represents a large proportion of outside 

contract work is stress relieving and the cost of ‘inhouse! 

processing of certain parts should be seriously looked at. A 

cost enalysis carried out in the same way as for gear cut 

components should reveal similar results. Even if small facil- 

ities capable of processing 80% of these components were in- 

stalled, it could be quite beneficial, 

Existing Plant Layout and Work Flow Patterns. The three 

Bronx Companies are located at the factory on Thorn's Rd., Lye, 

Stourbridge. The factory layout, FIG. 7-8, consists mainly of 
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two large buildings named Top and Bottom Works as shown. 

The manufacturing floor area is approximately 80,000 s.ft. 

and there are 550 employees engaged on the site. A closer 

study of FIG. 7-8 will show that the Top Works houses the 

fabrication shop and caters for the machining of large 

fabricated components on a series of large table and floor 

borers, centre lathes, planers, mills and radial drills. The 

Bottom Works is mainly concerned with the production of small 

components and machines in use there are listed in FIG. 7-8. 

An interesting feature of the machine layout in the Bottom 

Works is that a hybrid functional-group layout exists in No.1 

and Noe 2 machine shops. The layout was the result of the 

thinking of two Bronx engineers who had some G.T. knowledge 

- and wished to derive some of its benefits without actually 

planning cellular layout to suit their workload. The situation 

could save the company considerable expense if and when they 

decide to adopt a G.T. system. 

Even with the part group layout, it was thought that component 

routes between operations would be 'spagetti like' and to 

verify the thinking a number of route sheets for actual compon- 

ents were drawn to show the amount and variety of movement 

typical with the system. These route diagrams are numbered 

1 to 9 and are included in Appendix 2. They do indeed show 

that components travel a lot between operations and in addition 

to movement within one Works, there is also a considerable 

component traffic between the Top and Bottom Works. The 

implication of this analysis is that work-in-progress is high 

and this is evidenced by the large quantities of unfinished 

components visible, around the factory. 
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728 Production Planning and Control. 
  

These two sections are responsible for the manufacture of 

all components required for product assembly. Component 

drawings and the schedule of parts from the Design Depart- 

ment are firstly processed by Production Control to sort out 

known sub-contracted work. Production Planning then draw up 

process sheets for all components made ‘in house! and assess 

the work load to see if it is within the factory's capacity. 

Any excess is sub-contracted in accordance with the over 

loading conditions. Planning engineers prepare route sheets 

which show the operation sequence, the machine required and 

the cost centre number for each operation. The week number 

in which the component is required for assembly is shown on 

the top right hand corner together with the latest start date 

of manufacture in order to meet the required assembly week 

number. The provision, thovgh on paper only, is perhaps the 

best effort made to endeavour to get components through to 

assembly by the required date. However, setting milestones in 

production does not ensure that they will be met and this is 

in fact the way of life at Bronx Engineering. 

Production control is carried out by the Production controller 

and his six (6) progress chasers, who are responsible for 

ensuring that the components needed for a particular product 

are manufactured by the product assembly date. Their job is 

difficult and progress chasing often involves rerouting com- 

‘ponents to obtain a quicker throughput. Although components 

are originally routed to certain machines it may well be that 

the machine in question is not available or is overloaded and 

the component is queued up for a long wait wmless it is 

scheduled to a similar machine; perhaps located in another 
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part of the works. The oft-quoted figure of one operation per 

week is freely admitted at Bronx Engineering. Hence, production 

control quite often consists of chasing components to endeavour 

to obtain the quickest possible route through the works by 

shunting them around to the various work centres with the 

lightest loads. 

The result of this is undoubtedly long throughput times, high 

work in progress, and hit or miss delivery dates. One can 

imagine that the hybrid plant layout, as exists at Bronx 

Engineering, run along these lines would be even worse than 

a functional layovt. At least in the latter, if a lathe for 

instance, is overloaded perhaps the one next to it would be 

available or the next, and so on, and a component would not 

have to travel from one shop to another to find a machine 

suitable for a given operation. 

Assessment of the Main G.T. Requirements at Bronx Engineering. 

A study of monthly Production Programmes shows that the compon- 

ent mix varies from one month to the next depending on the 

orders received for machines, Bronx Engineering only produce 

components necessary to meet the schedule of parts and hence 

batch sizes are extremely small ~ 1's,2's and 3's in most 

cases with few batches going above twelve (12). 

The type of production flow at Bronx Engineering is ideally 

suited to Group Technology. It has been widely stated that 

Group Technology requires certain essential features for 

successful implementation and these are:= 

(a) Group layout of machines. 

(b) Single cycle flow control. 

(c) Short ordering or preduction cycle. 
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(ad) Planned loading sequence. 

Bronx Engineering meets most of these requirements already, 

although they do not function as they would in a Group 

Technology situation, vizi- 

(a) They do have a group layout of machines, which may 

or may not be suited to a planned sequence of 
operations. 

(b) They do have the essential framework of a single 
cycle stock flow control. 

(c) The production cycle of one month is as. short as 
practicable for the size and complexity of the 
range of components manufactured. 

(ad) They do not have a planned sequence of manufacture 
and it is in this area that Group Technology would 
achieve its most beneficial results. 

As already pointed out, although Bronx Engineering use a 

period batch control system, the schedule of components from 

one month to the next is not repetitive, because machines on 

order in one period may or may not be on order in the next 

period. They do however, have a standard range of machines 

available to customers and any cells formed would have to take 

into account the component range for all machines listed. 

Whilst this may not affect the type of cells required, it 

could have a bearing on the number of particular machines 

necessary to cope with the varying load schedules. Also the 

latter feature may require some over-lapping of capabilities 

in the design of cells, particularly turning cells, so that 

should on overload situation arise in one cell, it may shed 

some of its load to another. 

Data Processing and Computer Printout Analysis. 
  

Coding of the sample was completed en 29/),/75 and the coding 

data was punched on to Fortran cards. FIG. 7-9 illustrates 

the coding of a component, its subsequent entry on to the 
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component data sheet, its punched card and its relative 

position on the computer printout. The component illustrated 

is a rotational 'O' class component and is one of a family 

of seven (7) similar types shown bracketed in the printout, 

The layout of the Component Data Sheet consists of 80 

columns to correspond with the 80 colurmms available on the 

punched card. Only 28 have been used in this exercise, but 

should the company decide to proceed with G.T., the remaining 

colums will be used to record component information necessary 

when determining production data for cell design. FIG. 7-10 

illustrates two typical data collection sheet layouts. It 

will be hoved that these are different and this will always 

be the case, as each layout is designed to suit the needs 

of a particular company. 

The 813 punched cards, one for each drawing coded, were 

sorted in numerical sequence and a computer printout of the 

sequence was obtained. Parts of this sequence are shown in 

FIGS. he6, -10. <A manual analysis of the printout is 

summarised in the bar chart, FIG. 7-ll. This chart reveals 

the following break down of components:- 

(a) The total for each digit of the Geometrical Code. 

(b) The percentage of each category in the overall 
total. 

(c) The number of components requiring gear or worm 
cutting in each digit of the rotational category. 

(d) The number of components which are flame cut in 
each digit. 

(e) The number of fabricated components in each digit. 

(f) The number of cast components in each digit. 

A further analysis of the printout revealed the following 

information: = 
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Tell 

(a) Gear Teeth Cutting on 9), components represents 
22%, of rotational components or 11.6% of the whole 
sample. 

(b) Contracted Work is required on 159 components 
representing 19.6% of the whole sample, and can be 

divided into two categories, partially contracted 
(16.6%) and wholly contracted (3%). 

(c) Outside Machining or Flame Cutting is required on 
six (6) components. 
  

(ad) Stress Relieving is needed on 32 components, 22 of 
these in the flat, long and cubie categories and 
10 in the rotational category. 

(e), Balancing is required on only one (1) component. 

(f) Surface Treatment is needed on four () components 
in some form or other as described by digit 5 of 
the 'Contracted Work! colum of the Supplementary 

Code. 

(g) Flame Cutting is required on 183 or 22.5% of all 
components, with 13) of these in the flat, long 
and cubic categories, which is understandable as 
most of these components are cut from sheet, 
plate or angle etc., and are required for fabric- 
ated assemblies. The large number of flame cut 
components (lj) in the '0' digit indicates that 
these circular components larger than 6" diameter, 
are cut from plate and required for fabricated 

assemblies, 

(h) Fabricated Assemblies number 96 or 11.8% of all 
components with the largest number of these (33) 
in the cubic digit category. 

  

Formation of Cells. 

It is obvious from FIG. 7-11, that basic turning cells can 

account for 52.6% of all components. Because of the large 

ia of gears cut in each digit of the rotational 

components category, it is desirable to incorporate gear 

cutting machines in the cells if they are to function with 

the full measure of control, which is capable of being 

exercised in a cell, Inspection areas should also be includ- 

ed in the cell area, 

Ready made cell/s exists in the fabrication section of the 

Top Works and correctly scheduled and planned the output 
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of this cell should be able to be dovetailed in with the 

requirements and sequence of other cells. 

Most of the large machines, viz., borers, grinders, lathes etc., 

are situated in the Top Works where machining operations are 

carried out on large fabricated assemblies. A number of these 

machines will undoubtedly operate as single machine cells, as 

some assemblies spend weeks on the one machine. However, some 

machines in this area also serve components which have the 

major number of operations performed in the Bottom Works as 

shown by the route diagrams, Appendix 2, and much thought will 

be needed in the planning of cells to eliminate travel between 

the two works areas. 

It was decided to design two turning cells of the type which 

would be envisaged as typical for Bronx Engineering. Design 

was to be based on the machines already in use at Bronx and 

on a selection of rotational class digits taken from the sample 

of coded drawings. All manufacturing details for the components 

were obtained, including, operation sequence, machines needdd 

per operation, date of issue to works and the actual manufactur- 

ing time from first to last operation. FIG, 7-12 shows the 15 

components selected with the above data printed beneath each 

component drawing. The times (working days) noted on the 

drawing are only from first to last operation which varied 

from | to 37 working days. FIG, 7-13 is a list of these compon- 

ents indicating its machine sequence and the G.T. cell in which 

it would be manufactured. FIG. 7-1) shows the layout of the 

two typical G.T. turning cells suitable for machining the above 

components. 

Features of these cells are as follows:- 
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(a) 

(b) 

(c) 

(a) 

(e) 

(f) 

(g) 

(n) 

(i) 

Sp) 

A total approach to the manufacture of a component 

Uninterrupted production ensuring a minimum through~ 

put time and greatly reduced work in progress. 

Full utilization of key machines with support machines 

being generally under utilized. 

Independent stores for tools, jigs and fixtures. 

A. layout generally suited to a specific work flow 
thus keeping back tracking to a minimun. 

Flexibility of labour particularly among the 

operators of support machines. 

A raw material store capable of holding all materials 

required for a production cycle. 

A work force carefully selected to form a team and . 

man the cell on a regular basis. 

Self supervision, work loading, and planning within 
the scope of each cell production cycle. 

The use of setter operators, so that all setting 
between operation change overs is carried out by cell 

personnel, 

Whilst these two cells are capable of machining the type of 

components illustrated, no analysis has been made of the loading 

requirements and this would be necessary so that the exact 

number of individual type machines for each cell could be deter- 

mined. 

Many firms are in favour of setting up a pilot cell as a pre- 

liminary to a complete plant change over to cellular groups for 

the following reasons. 

(a) 

(b) 

(c) 

(a) 

The firm can see for itself how a cell operates and 

what effect it will have on production. 

Benefits derived from the pilot cell can be assessed 
and if possible, any savings made used to offset 

further costs of implementation, 

To ascertain the reaction of the work force to Group 
Technology and solve any problems which may arise in 

this direction. 

To see which of the above 10 features of the typical 
cells would be applicable to the actual cells. 
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(e) To gain experience in loading, general running etc. 
of one cell before tackling the requirements of a 
number of cells. 

If the decision to instal a pilot cell in isolation within a 

functionally laid out machine shop is made, it has a noticable 

effect on the output of machines is this area, Consider a 

group of milling machines which have their load decreased by 

the installation of a milling machine in a pilot turning cell. 

The effect is that the functional machines have their loads 

lightened because some of it is shed to the cell. The conseq- 

uence of this is, that original throughput times, queues of 

components etc, that existed before the pilot cell, alter 

considerably and a new set of production figures are established. 

It is imperative therefore, that before any changes are made to 

the existing functional layout, a complete record is made of 

throughput times, route sheets and other production planning 

and control data so that a true comparison can be made of the 

"before! and 'after' conditions relating to the implementation 

Of Goes 

The manufacturing system at Bronx Engineering would undergo a 

complete reorganization during the implementation of Group 

Technology. FIG. 7-15 illustrates the new system resulting 

from the change. The positions of the turning cells (1 and 2) 

are indicated on the flow chart. 

Added Value Payment Scheme 4s 65 
  

Bronx Engineering are desirous of introducing an added value 

payment scheme throughout their works. It is important to 

gauge what effect this scheme and the implementation of a 

Group Technology system will have on each other. 

In isolation, the introduction of each of the new inovations 

100



may meet with considerable shop floor opposition, as indeed has 

been the case with the added value scheme. However, when pro- 

posed together, they compliment each other and the package 

seems a more attractive proposition. Before explaining this 

statement, an explanation of the concept of the added value 

proposal is necessary. 

Briefly, added value means the difference between the sales 

value of goods produced and the cost of raw materials and 

bought-out parts. Added value is divided into three sections, 

as illustrated in FIG. 7-16, vize, 

(a) Overheads - includes salaries, rent and rates, 
advertising, depreciation etc. 

(o) Profit - includes taxation, dividends, provision 
for expansion etc. 

(c) Earnings Pool - is the employee's share of the 
added value. 

The Earnings Pool is paid to the employee in two ways, i.¢. 

(a) As a Basic Wage resulting from new hourly rates, 
overtime premiums and long service payments. 

(b) Productivity Bonus ~- that which remains in the 
earnings pool after basic wages have been paid. 
It is shared in a manner which is negotiated by 
employees and management. 

Ways by which the added value can be increased are:- 

(a) Increasing output. 

(bo) Reducing material waste. 

(c) Maintaining a high quality of work and thus 
reducing scrap. 

(a) Transferring to other work if required. 

(e) Reduction of work-in-progress. 

(f) Faster throughput times. 

Upon looking at these six (6) ways of increasing added value. 
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through the eyes of a worker on the shop floor, one immediately 

realizes that the only way by which he can achieve these 

targets is by improving his own performance. This would virt- 

ually mean an admission on his part that at present he was 

working in a wasteful, slow and wco-operative manner, producing 

work of poor quality at a slow rate. Is it any wonder that the 

scheme was not accepted? 

Howevor the interaction of Group Technology with this scheme 

presents a far aireevent picture. Here we have the workers, 

being presented by management, with the means of effecting an 

increase in added value simply by working at their normal rate 

and not having to admit to any failings in their own performance. 

It is felt that problems which may arise within the Added Value 

Scheme and G.T. will be solved more easily by the complimentary 

requirements of the other e.g. flexibility within a G.T. cell 

often presents opposition, but it is also a requirement of the 

Added Value Scheme, and where an employee's earnings are affected 

he is more likely to co-operate. There is also little doubt 

that the change over to G.T. with the monetary rewards on offer 

will certainly improve the performance of the work force, thus 

ensuring an increase in productivity and the success of both 

the Added Value Scheme and Group Technology. 

Conclusions. 

The following conclusions were reached as a result of the sample 

analysis. 

(a) Group Technology can certainly improve throughput 

. times and ensure reliable delivery dates of components 

to assembly, An improvement of between 7:1 and 5:1 
is envisaged in the respect of throughput times. 

(>) By means of cellular control of component manufacture 
the correct sequence of parts required for assembly 

can be assured. 
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(c) 

(d) 

(e) 

(f) 

(g) 

(hn) 

Some under-utilization of support machines in the 
cells may occur, but key machines will be utilized 
more than they are at present which will more than 
compensate the first deficiency. In fact overall 
machine utilization should increase and this will be 
evidenced by the ability of the cells to manufacture 
more components than at present. 

Labour will be utilized to a greater extent than it 
is at the moment resulting in increased productivity 

per employee. ; 

A large number of rotational components require gear 
cutting and in order to schedule these through turn- 
ing cells and gain complete control of their manufact~ 
ure, serious thought must be given to the installation 

of gear cutting machines. 

Component routes will be much shorter in length and 
more ordered than they are at present. This feature 
coupled with faster throughput times will dramatically 
reduce the amomt of work-in-progress. Figures of 
50% and 60% are commonly quoted for reductions in this 
area. 

The present factory layout of machine tools and pro= 
cesses with its numerous segregated machine shops, 
fitting and fabrication areas, stores etc., is ideally 
suited for the re-arrangement of machines to form 
cells in these various areas. 

The implementation of Group Technology will indicate 
to employees that management is prepared to show 
them how productivity can be improved and will thus 
pave the way for the proposed Added Value incentive 

scheme to be introduced. 

Tell Recormendations to Bronx Engineering, 
  

The following stages or steps were recommended to Bronx Engineer- 

ing if they made the decision to implement Group Technology. 

(a) 

(b) 

(c) 

(a) 

Enter into contract with the University of Aston in 
Birmingham to act as consultants and give active 
support and supervision for the various stages of 
implementation. 

The formation of a Group Technology Committee to 
study and discuss all aspects of implementation and 
to make such recommendations to the Executive as will 
affect the best means of making the transition. 

Study and amend if necessary, the classification 
scheme, followed by its endorsement by all affected 
Bronx Engineering Departments viz., Production Eng., 
Design Dept, Drawing Office and Management. 

Coding of all component drawings to commence as soon 
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as possible; - this to be carried out by company staff 
and led and supervised by University personnel. 

(e) A decision to be made on whether to instal gear cutt- 
ing facilities or not. 

(f£) Form one or two pilot turning cells as quickly as 
possible so that some of the benefits of Group Tech- 
nology may be realised and thus offset the initial 

costs of implementation. 

(g) Develop the overall concept of the manufacturing system 
around such parameters as are resolved by the Group 

Technology Committee. 

(h) Proceed with further development and installation of 
such cells as indicated by an analysis of the compon- 
ent classification printout. 

(4) Develop tooling jigs and fixtures which will improve 
the utilization of machines within cells. 

(j) Ensure a continuous feedback of results for analysis 
and in the light of this information modify and 

improve the system. 

Presentation of the Report to Bronx Engineering. 
  

On the completion of the survey a verbal presentation was made 

on 25/6/75 to key people within the company. These encluded 

the two joint Managing Directors, Engineering Director, Chief 

Executive and Deputy Chairman, Quality Control Manager, 

Production Manager, Works Manager and Chief Designer. Professor 

Thornley presented a general talk on Group Technology accompanied 

by slides and the writer presented a talk on the sample analysis 

carried out within the company. The presentation was well re- 

ceived and the receipients were so impressed that they requested 

a written report in order to have a deeper look at the details 

and the proposals made. The report was subsequently prepared 

and presented. 

The Present Situation. 
  

At the time of writing the company had not reached a decision on 

the subject of Group Technology, but the firm's engineering 

personnel, are hopeful that it would be in the affirmative. 
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8.1 

8.2 

A GROUP TECHNOLOGY SURVEY IN THE AIRCRAFT INDUSTRY. 
  

Introduction, 

The subject of Group Technology first arose between Professor 

R.H. Thornley of the University of Aston in Birmingham and 

Hawker Siddeley personnel at Manchester, when discussing possible 

projects for the company's students carrying out the industrial 

training part of the sandwich course which they are undertaking 

in the Production Engineering Department of the University. 

It was agreed that the project work should lead up to a present- 

ation to top management of the feasibility of introducing Group 

Technology to the component production areas. The writer's 

involvement consisted of an initial survey of component drawings 

via classification and coding followed by a role of advisory 

supervision of the students concerned. 

The Company. 

In July, 1962, the aviation interests of A.V. Roe & Co. together 

with those of the other aircraft manufacturers within the Hawker 

Siddeley Group, were merged to form one company - Hawker Siddeley 

Aviation Ltd., which is one of the largest aircraft manufacturing 

companies outside of America. Hawker Siddeley Aviation is part 

of the Hawker Siddeley Group, one of the largest industrial 

organisations in the world with branches in Australia, New Zealand, 

Canada, the U.S.A., South Africa, Argentine, India and Pakistan. 

The Group has over 80,000 employees and a turnover exceeding 

£14 million a day”, In addition to its aviation interests, the 

Hawker Siddeley Group's manufacturing facilities extend to cover 

missiles, aerospace equipment, diesel engines, electric power, 

general engineering and metals. 
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Hawker Siddeley Aviation Ltd. employ some 27,000 people, and 

have a total factory floor area in the U.K. exceeding 8 million 

s.f£t. shared among eleven establishments scattered through-out 

the country. The company can trace its history back to the 

beginning of the 20th century when the two brothers, H.V. and 

A.V. Roe = the founders of the famous Avro Company, figured 

prominently in the first controversial attempts at sustained 

British flight. FIG. 8&1 (a) shows the 20th century development 

of the present company. FIG, 8-1 (b) indicates the deployment 

of Hawker Siddeley Aviation's factories in the U.K.. 

The company's aircraft designs span two world wars and many of 

their names have gone into the pages of history, e.g. Brisfit, 

Pike, Avro Anson, Lancaster, Lincoln and many others. Present 

day designs include such well known names as the Vulcan, Hawker 

Harrier and Nimrod. Hawker Siddeley factories manufacture 

aircraft for both civil and defence purposes and the factory at 

Manchester is involved in the production of assemblies for both 

types. 

Hawker Siddeley Aviation Management Structure. 
  

Hawker Siddeley Aviation is controlled by a Local Aviation Board, 

which consists of the Director and General Manager together with 

five (5) Executive Directors as shown in FIG. 8-2. The Director 

and General Manager represent the Local Board on the National 

Board, which formulates policy for all Hawker Siddeley factories 

in the U.K.. These policies are implemented into Hawker Siddeley 

establishments by the Local Board through the Executive Directors 

who are responsible for certain functional areas within each 

factory. Each director has a number of managers under his 

juristriction who control the various departments and sections 
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as shown in FIG, 8-2, which represents the Manchester establish- 

ment. 

Any decision to implement Group Meeclony would thus rest with 

the Executive Director, Production, with final approval probably 

being required by the Local Board because of the interaction 

which G.T. would have with other areas controlled by other 

Directors, e.g. the Executive Director and Chief Engineer in 

charge of Design. 

Problems of Production. 
  

The Hawker Siddeley factory at Manchester has a general machine 

shop similar to that found in any general engineering works in 

the U.K.. It is characterised by a functional layout of machine 

tools and with such has the usual production problems associated 

with the batch producing industries, in that it has a large 

variety of low volume parts. 

A great deal of movement occurs between operations and there is 

no deliberate grouping of machines to shorten such movement or 

speed up throughput times. As a result there is an excessive 

amount of work in progress, and throughput times are long and 

wmreliable. This state of affairs strains customer relationships 

and the Production Engineering Department look towards Group 

Technology as a possible means of solution to the above problems. 

Products and Manufacturing Facilities. 
  

Hawker Siddeley make components which go towards the production 

of sub-assemblies for various types of aircraft. They also 

manufacture spares for past aircraft designs which are currently 

in service. Batch sizes range mainly from 1's and 2's up to 

20's and 30's. 
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A study of component drawings showed that two types of component 

existed viz.,; 

(a) Commonplace variety. 

(b) Unique to the industry. 

The first type are similar to those found in any general machin- 

ing industry of today and are manufactured on the usual range 

of general purpose machines cormon to all industries. The 

second type, however, are quite distinguishable and their dimens- 

ions, methods and machines used in their manufacture, material 

type, and stringent design requirements make them truly unique 

components. 

Machines used to produce the two types of components also fall 

into two categories, thus forming the machine groupings presently 

found in the factory, viz., 

(a) The Machine Shop. 

(ob) ‘The Spar Milling Section. 

The Spar Milling Section has a number of mique machines for 

machining aluminium alloy components from extrusions, slabs 

and bars. Many of these components fall into the long and flat 

categories and the machines used in their production are very 

large and able to machine to close tolerances. FIG. 8-3 

illustrates a Marwin 60ft. x 12ft. numerically controlled milling 

machine for milling the wing skins for the A 300 Airbus. 

The factory has numerous similar machines as well as special 

routers, bending,stretching and drilling machines to carry out 

further operations on the wnique components. An example of a 

typical unique component is shown in FIG. 8~); which details a 

Stringer, a component used in wing assemblies for tieing together 

ribs. A study of this drawing will show the demanding machining 

operations necessary to produce the component from the initial 
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extruded form. This type of machining is commonplace at 

Hawker Siddeley and in fact many smaller components like this 

have some or all of their machining operations carried out 

within the Machine Shop on medium N.C. milling machines. Such 

a component is shown in FIG, 8-5 which shows a Skin Stabiliser 

between Ribs. Once again a study of the drawing will show that 

the complicated cross-section is machined entirely from an 

extruded aluminium alloy bar. FIG, 8-6 illustrates a small 

component, titled Ind Fitting (Front Strake) which is manufact- 

ured in the Machine Shop from high tensile steel. The process 

sheet (2 pages) for this component is shown in Appendix 3 and 

the same component also appears in Table 1.2 which summarises, 

the departments visited in sequence, the operation sequence, the 

total number of operations and the machine changes required to 

produce the component. Tables 1.1, 1.2, 1.3 and 1.) are in fact, 

a sunmary of the process sheets for the components listed. 

Tables 2.1,2.2, and 2.3, list the department and machine codes 

which are applicable to the previous tables and the process 

sheet. 

Machines in the Spar Milling section are huge, with extremely 

large capacity work tables, FIG. 8-3, They are mounted on 

massive foundations and the possibility of relocating them for 

any G.T. cell design is very remote. The only possibility 

of incorporating them into a G.T. system would be to group 

auxiliary machines around them so that components could be 

completed within the same area, 

Procedure for Component Manufacture. FIG. 8-7 is a flow chart 
  

representing documentation and departments involved in the 

present manufacture of components, from the initial issue of 
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of a works order, to the stage where a component is completed 

and in the stores. 

Due to the variety of destinations for components it is 

difficult to define precisely the departments which are involved. 

For example production can be authorised for spares orders, 

wmallocated customer aircraft, customer modification, prototypes, 

or commercial projects. Generally the departments involved are 

those shown on FIG. 8=7. 

The Contracts Department issue a works order to Design, who in 

turn issue a master drawing and a Design Office Memorandum 

(D.O.M.) to the Production Engineering Dept.. The Programme 

Planning Dept. are responsible for the long term planning of 

aircraft manufacture, using past records of man-hour expenditure 

etc. to estimate an overall programme. 

The Production Engineering Dept. is responsible for process 

planning and tooling. Change Control monitor the issue of 

drawings, D.0.M's and Change Release Orders (C.R.0.) to the 

Process Planning and Schedules sections, Assembly Process issue 

assembly process layouts and complete parts lists, which show 

all the sub-assemblies required to make an assembly. Detail 

Process Layouts (Appendix 3) or component operation sheets are 

prepared by the Detail Process Section. If special tooling 

is required, the Process Section issue a tool order card to the 

tooling sections who then design the jigs and tools and prepare 

tool process layouts. 

Depending on the type of work, the Industrial Engineering Dept. 

then allocate a time for each operation on the process layout 

sheet, assuming a quantity of one off. Alternatively this may 
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be carried out at a later stage when the job card has been 

issued to the production departments. In the case of Machine 

Shop items, the latter is more usual. 

Process Layouts and schedules are issued to the Production 

Control Dept.. The Job Cards section print a job-card, route 

card (both similar format to process layout, App. 3), requisit- 

ions for drawings, material and tooling and time clocking 

dockets for the operators. The job is given a week number by 

the Load Control Section, who use information from Progranme 

Planning and Production Engineering to determine the short 

term production programme, The Material Control section 

either allocates existing stocks of bought out items or raw 

material to the works order, or raises an assessment which in- 

structs the Supplies Dept. to issue a purchase order, If there 

is insufficient capacity to manufacture some components, then 

this is dealt with by the Inter-Factory Transfer and Sub-Contract 

section. Tools are checked for availability by Tool Control and 

a drawing requisition is issued to Drawing Control. The relevant 

information is recorded on the computer W.I.P. file and a Job 

Traveller Card (J.1.C.) is issued, which is then used to update 

the W.I.P. file during subsequent manufacture, 

Job Cards section despatch the job card pack (which includes 

route card, J.T.C., drawing, time dockets and requisitions) to 

the Loading Section (Machine Shop Items). The current week 

number is endorsed on the job-card by the Loading section and 

time estimates are then given for each operation (adjusted for 

batch size) by the Industrial Engineering Dept.. The job-card 

J.T.C. and requisitions are sent to the Steel Stores and the 

route card is filed on the loading section in the Steel Stores 

File, Time dockets are sent to the relevant sections and the 
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drawing goes to the first section. 

Material and documents are then returned from the Steel Stores 

to the Machine Shop and pnts /rescnaad on the computer W.1I.P 

file and the route card is transferred to a Machine Shop W.I.P 

file on the Loading section, The week number on the job card 

is then updated and manufacture commences. 

In each Machine Shop section the job is first marshalled, so that 

the operator is supplied with all the equipment needed to carry 

out the operation. On completion, the relevant time docket is 

clocked and the job sent to the next section. The times are 

recorded by Time Balance and the conpleted dockets are filed 

witn the route card. This assists in job location during 

manufacture. 

When all machining operations are completed, the route card is 

sent with the job-card, J.T.C., drawing, materials and remaining 

time dockets to the next department. Completed dockets (except 

the last one) are returned to Time Balance for filing under 

week number and clock number order, The last completed time 

docket is retained by the Loading Section and is filed in part 

nunber order asarecord that the job has left the Machine Shop. 

Although the Inspection and Treatment departments do not operate 

& piecework system, time dockets are issued for these operations. 

These dockets are signed with the date of completion of the 

operation and are filed to provide a record. 

When the job is finally completed and sent to the Kit Marshall 

(K.M.) Store, the drawing is returned to the Drawings Store, the 

job-card placed in a history file and the upper portion of the 

route card is detached and used as a label on the component. 
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Bet 

Whilst the above information does not relate directly to 

Group Technology it puts on record the 'before' conditions of 

manufacture, so that when improvements are effected, comparisons 

can be made of the 'before' and ‘'after' conditions relating to 

Cale 

Guide Lines and Proposals for Group Technology. 
  

After a visit to Hawker Siddeley, Professor Thornley proposed 

broad guide lines for the implementation of Group Technology. 

These guide lines are as follows:- 

(a) 

(b) 

(c) 

(4) 

Determine full manufacturing details concerning the 
production of components. 

Devise a classification and coding system suitable 
to cover the shape and production characteristics of 

components, 

Ascertain production families which could be acco- 
modated in one of the three types of Group Technology 
cells, vizt- : 

(i) Single machine cell using the complex 
component technique. 

(ii) A cell, consisting of a variety of machine 
tools required to produce a family of parts. 

(iii) A flowline cell for continuous production. 

Develop a production control system and scheduling 
procedure to deal with the new system and layout of 
machine tools. 

However, before any changes can be put into affect, the company 

must be provided with sufficient information to enable it to 

decide whether Group Technology shovld be applied or not. The 

following questions would need to be answered: - 

(a) 

(b) 

(c) 

(a) 

(e) 

Which method of application should be used and what 

form should it take. 

To what extent can Group Technology be applied and 
which departments will come under its influence? 

What are the main effects on those departments likely . 
to be? 

What are the main problems which are likely to arise? 

What benefits are likely to result and is there any 
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area which is likely to be adversely affected? 

(£) How much would Group Technology cost to apply in 
terms of both capital expenditure and man-hours 
required for reorganisation? 

(g) What financial returns can be expected? 

(h) How long will it take to implement Group Technology 
and how long will it be before its effects are felt? 

A criticism which has been made of Group Technology within the 

aircraft industry is, that cells formed to produce families of 

components for the present will not necessarily be suitable to 

produce families for assemblies in the future. 

What the critics are saying is that in general, families of 

components change in basic shape and geometrical configuration: 

and will not be accomodated on machines in the future. They 

are of course at fault, because of their inability to think of 

items as individual components entirely disassociated from the 

product, which they will later combine to form. It is under- 

standable that this is the thinking at Hawker Siddeley, when 

one realizes the large number of types and models of aircraft 

being produced. 

However, it must be acknowledged that when the production of 

components is analysed and broken down into individual operations, 

the machines required to perform these operations are still 

basically the same lathes, mills, drills etc., which performed 

similar operations on components twenty years ago. If cells 

are formed with due thought and care in the first instance 

there is little doubt that these same cells will continue to 

produce components irrespective of model or aircraft changes 

over the years. 

The Initial Sample Analysis. 
  

It was decided to code a sample of component drawings using the 
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Opitz Code to see if einai cioatidn and coding could be applied 

to a typical mix of aircraft component drawings. A sample size 

of 370 drawings taken from a wide cross section of the company's 

products was coded using the standard Opitz Geometrical Code, 

FIGS, 2=3 to 2=8, and a modified version of the Supplementary 

Code, FIG. 7-5. The sample coded satisfactorily with a few 

reservations regarding the suitability of the non-rotational 

classes, 6, 7 and 8, These were later modified to suit the 

component types found at Hawker Siddeley, as was the Supplement-. 

ary Code. See Section 8,12. 

An analysis of the sample code showed the following class 

  

groupings: = 

Component Class Digits No. of Components % of Total. 

Rotational Die 2 148 0 

Rotational with 
Deviation 34h 59 16 

Flat 6 52 ah 

Tong 7 37 10 

Cubic 8 7h 20 

370 100% 

Rotational Components. 
  

These accounted for 56% of the total and were mainly small com- 

ponents less than 23" diameter and 6" long. They classified 

very well using the standard Opitz Code and there is little 

doubt of its suitability for these components. 

Flat, Long and Cubic Components. 
  

These accomted for ))\% of the sample. In the flat class (6) 

most components were straight forward applications with the 

odd exception provaking some thought e.g. the component labelled, 
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End Fitting (Front Strake), FIG. 8-6, which has raw material 

supplied as high tensile steel forging and is then machined in 

the Machine Shop (See Process Sheet Appendix 3). A total of 

28 operations are listed on the Process Sheet, eight on milling, 

four grinding, one boring, one drilling and fourteen on miscell- 

aneous auxiliary operations such as marking out, stress relieving, 

vacua blast, cadmium plate, crack detect, painting and inspection. 

On first sight one is tempted to classify this component as rot- 

ational with deviation (class ), but on closer study of the 

machining operations, one can see that they are all carried out 

on non-rotational machines, with surface milling predominant. 

Hence the classification - non-rotational, flat, class 6, is 

best suited for this component. It is coded as 6617) = 1173. 

A point which should be stressed here, is that when a coder 

is using a code to aid in the formation of technological 

families of parts, he should refer to the process sheets in 

doubtful cases, to make sure that the machines used are com- 

patible with the code class he alots to the component. With- 

out such a check, it is possible for components to fall into 

families and hence cells which are entirely wmsuitable for 

their manufacture, as could be the case for the component, 

FIG. 8-6, just described. 

Several other components in the non-rotational category 

necessitate quite complicated milling operations to produce 

them. In many cases the majority of these operations are 

carried out on the one machine and this fact need not be 

signified by the code. It is sufficient that the code indicates 

the geometry which will be produced by the key machine in the 

cell. Some of these components include the following - 
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Bracket (Quter) Outboard Pylon Pickup, Half Rib - Inner Pylon 

Pickup, Jacking Pad, Riblet, Fitting - Machined and Joint 

Plate (Rib 27). 

In the long class of component - class 7, a number of components 

which are relatively small classified under this digit. However, 

a series of components which came under this category caused 

some concern, because of, f 

(a) Their extreme length 

(bo) The manner in which the component is produced from 
the raw material stage, i.e. being completely 

machined from plate or extruded bar. 

(c) The numerous tolerances and high degree of surface 

finish generally required. 

(a4) The multiplicity and complexity of machining 
operations, including N.C. 

(e) The amount of testing, inspection, and miscellaneous 
finishing operations required, all carried out in 
separate departments or areas within the factory. 

Features (a), (b), (c) and (d) can be adequately catered for 

by the geometrical code, simply by ensuring that these com- 

ponents are directed into the correct family group and hence 

the cell of machines capable of machining them. However, 

feature (e) would have to be described in the supplementary 

code in such a way as to indicate whether the auxiliary pro- 

cess occurred during, before or after machining. If the pro- 

cess was not available in the cell and occurreddring mach- 

ining operations, then the component would have to leave the 

cellular control and return to complete machining at a later 

date. This is generally unsatisfactory, as one of the main 

aitintades of the cell, that of predictable completion dates, 

is lost when components leave the cell for part processing. 

By the use of a properly structured supplementary code, the 
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number of components in this category can be determined and if 

there are sufficient to warrant it, special facilities can be 

installed in the cell to maintain full control. Otherwise, it 

may be desirable to exclude such components from the cell load, 

Many of the long components are of the unique variety, and as 

such are machined on the special purpose machines designed to 

produce them. These components include stringers, booms, spars, 

ribs, etc. Details of a Stringer are show in FIG. 8-l) which 

although it classifies easily by the Opitz Code viz., 7507) - 

928), is mainly manufactured on specialized milling and routing 

machines whose location is fixed. Other machining operations 

are carried out on normal milling machines etc. It may be 

possible to group auxiliary machines e.g. mills and drills, 

around these specialized machines to carry out all operations 

in the one area and hence achieve the benefits of cellular 

control, i.e. reduction in throughput time and work in progress. 

As stringers list approximately 19 operations on the process 

sheets, ( see tables, App. 3), these components are expected 

to be on the shop floor for 19 weeks. An examination of FIG. 

8.); will show that due to the complexity, accuracy and number 

of operations required, the value of the component increases 

rapidly from the first operation stage and any reduction in the 

throughput time would represent a sizable decrease in the value 

of work in progress. 

Another long component (class 7) which illustrates the difference 

in machines required at Hawker Siddeley is shown in FIG. 85, 

Skin Stabiliser Between Ribs. It is machined from aluminiun 

alloy in the extruded initial form (similerly to the stringer), 

but because of its much shorter length (27) ins. compared with 
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29ins.) can be accomodated on conventional N.C, milling machines 

situated in the Machine Shop. This is a complex component re~ 

quiring 23 operations for manufacture, half of which are close 

toleranced milling operations necessitating the use of fixtures 

because of the oblique shape and changing cross secticn 

characteristics. 

The above two components are classified identically by the Opitz 

Geometrical Code vize, 7507, and the only difference in the 

Supplementary Code is in the length digit, which sets them 

apart. The use of the dimension digits in the above respect 

illustrates their value when forming families for specific 

machining groups. 

Recommendations for Code Modification. 
  

As a result of the initial coding exercise by the writer, several 

recommendations for future modifications of the standard Opitz 

Code were made, viz., 

(a) Classes 6, 7 and 8 (flat, long and cubic) would in- 
evitably need modification and to a lesser extent 
classes 3 and (rotational with deviation). In the 
flat cless (6), the overall shape colum includes too 
many plane digits, leaving very few places for the 
description of composite components, Also the third 
digit (principal bore, etc.) of the flat, long and 
cubic classes allocates too many (6) categories to 

principal bores. This gives many components a '0!' for 
this digit if they do not have a principal bore, when 
in fact the component could have rotational surface 
machining features e.g. boss, locating surface, 
annuler groove or ridge, which would go uncoded. 
Other small modifications of these digits would also 
have to be made before a satisfactory code was 
developed. 

(bo) Inclusion of an extra digit in the Supplementary Code 
for treatments e.g. vacuablast, stress relieving, 
anodising, cadmium plate, painting and heat processes, 

(c) Modifications to the initial form and material digits 
to adequately describe Hawker Siddeley components. 

(ad) <A check to be made on the dimension digits of the 
Supplementary Code to see if the existing ranges were 
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the best suited for the ranges of machines and 

components. 

(e) It is essential to develop a coding manual simul- 
taneously with the classification system, so that 
coding rules, interpretations etc., can be formulated 
and standardised at the time when decisions are made. 
This manual should form the basis of the classificat- 

ion system. 

Conclusions Reached from the Initial Sample. 
  

On the basis of the sample it was concluded that the Optiz Code 

could be adapted and used to alasatey components produced in 

the aircraft industry, whether they be of the commonplace or 

unique variety or not, but to do so satisfactorily, a list of 

objectives must first be established to define the purpose of 

the code, These may include. some or all of the following:- 

(a) To retrieve past design data. 

(bo) To formulate design standards and reduce component 
variety. 

(c) To facilitate the formation of component families 
and subsequently groups of machine tools to manu- 
facture these families. 

A well designed classification system undoubtedly forms the best 

stating point for the implementation of Group Technology for the 

following reasons viz:- 

(a) It lends itself to data processing techniques. 

(b) It provides manufacturing data in the most compact, 
easily stored and retrieved manner available to 

industry today. 

(c) It creates a familiarisation between all personnel 

who understand the code and the component mix, which 
is invaluable when the formation of families and load~ 

ing of cells is being carried out. 

The development of a suitable code and the subsequent classificat- 

ion of component drawings in a firm as large as Hawker Siddeley 

would be a long and tedious exercise, but the long term effect 

would be greatly appreciated as G.T. is implemented and expanded 

in the company. 
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8.11 The Undergraduate Projects. 

8.12 

At the time of writing, the two undergraduate projects outlined 

on page 78 have each reached stage ); and are due for completion 

in December 1975. It is now intented to outline the work done 

up to this stage. 

Both undergraduates attended an initial four day course conducted 

by the writer, on the use of the Opitz Code with particular 

emphasis being given to code modification. The students then 

went to the Manchester factory and coded a sample of 300 drawings 

from current production schedules using the standard Opitz Geon- 

etrical Code and the modified Supplementary Code, FIG. 7-5, with 

the object of making proposals for a new modified code. Both 

students were involved in the coding exercise, although it is 

only the responsibility of one to write up the report on this 

exercise. 

The Hawker Siddeley Modified Classification System. 

The proposed classification system which has been developed for 

Hawker Siddeley components is shown in FIGS. 8=8 to 8-12, It 

consists of a five (5) digit Geometrical Code plus a five (5) 

digit Supplementary Code. It is the result of various analyses 

and observations noted after the sample analysis of 370 components 

coded by the writer and the sample of 300 components coded by the 

students. The evolution of the code follows, and comparisons can 

be made with the standard Opitz Code, FIGS. 2-3 to 2-10. 

Rotational Components, FIG. 8-8, 
  

Two major alterations and several minor ones were made to the 

standard Opitz Code for these components. 

Firstly, the use of gear teeth on aircraft components does not 

occur frequently and hole production is a machining operation 
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which is not only common, but imposes some production difficult~ 

ies because of the complicated patterns and angles involved. As 

these two features are both coded under the one digit (5) it was 

decided to remove gear teeth and expand the hole description to 

nine (9) classes instead of six (6). The three basic divisions 

of holes are, axial, radial and other directions - two digits 

each,and combinations of these~ two digits (7 and 8). The 

terms 'related' and 'not related' refer to either dimensional or 

angular relationships between holes. 

Gear teeth were put into one class and because the machining 

operation required to produce them is basically plane surface 

generation, they were coded under the th digit as class 9, 

thus suppressing all other plane surface machining features, 

which was thought desirable as all components with gear teeth 

could then be accomted for in the final analysis. 

Secondly, the description of plane surface machining (yth digit) 

classes was altered to coincide with the production thinking of 

Hawker Siddeley engineers i.e. it is thought that curved surface 

production (class 3) is more difficult to achieve than an ext- 

ernal groove or slot (class 2). Also an external spline or 

polygon (class 5) is more difficult to produce than external 

plene surfaces with angular relationship. 

A slight alteration was made to the 3rd digit, internal shape 

elements, which now includes a blind bore in conjunction with 

classes 1 to 6, Also it was felt that the term 'machined thread' 

was a better description of what was meant than ‘operating thread! 

in class 8 of digits 2 and 3. The former definition implying any 

thread that is produced by a single point tool, thus requiring 

a machine with screw cutting facilities. 
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Non-rotational Components - Flat, long and cubic, FIGS. 8-10, 
Ball, 5-12. 

It will be noticed that the 2nd digit (overall shape) of these 

three types of components is different for each type in the 

standard Opitz Code and the remaining digits (3, and 5) are 

identical. In the proposed code, the class format of the second 

digit is the same for these three types of components, with 

variations in the wording made to suit each type. It is thought 

that this will be a good feature as the same geometrical des- 

cription applies to each class for each type of component, thus 

making coding simpler and the code easier to remember, The 

remaining three digits, (3, and 5), of the Hawker Siddeley 

Code are identical for each component class, but digit 5 is 

also identical to digit 5 of the Opitz Code. 

In order to substantiate the alterations to the 2nd digit 

(overall shape), a bar chart analysis of the three types of 

components (flat, long and cubic) was made in the ten classes 

of the 2nd digit to see if a better distribution was achieved 

by the modified code. This analysis is shown in FIG. 8=1 (a) 

and (b). 

Consider the 70 cubic components falling into class 5 of the 

standard Opitz Code, which describes them as'block and block= 

like components other than 0 to ', The description is not 

very clear and it seems as though this class is used as a 

'dump' for components which will not fit into the other classes, 

Hence, class 5 would not be very helpful when forming families 

of similar components, The same reasoning applies to the 70 

flat components which fall into class 6 of the standard Opitz 

Code, which describes them as 'flat components, round or of 

any other shape other than position 5', By comparison the 
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same sample of 300 classified by the modified code gives a more 

even distribution of the three types of component and makes use 

of all class descriptors. Each class is given a specific mean- 

ing and not just a general ‘other than' classification as is the 

case with the Opitz Code. Also, each class digit in the modified 

code has a definite technological implication which leads towards 

family grouping. It is important that the 2nd digit (overall 

shape) is indicative of technological operations, as these are 

generally those performed by key machines in the cell. 

Further modifications were made to the 3rd and lth digits of the 

flat, long and cubic classes. Digit 3 was modified to include a 

class for ‘rotational machining', class 3, which although the 

Opitz Code uses this term in the colum heading, does not classify 

it. It was also thought that the class for annular surfaces and 

grooves (class 7) of the Opitz Code should be moved down to class 

lh as it is principally a rotational surface machining digit, 

mainly applicable to production from one direction, Class 5, 

‘several principal bores! and class 8,'7 + principal bores! of 

the Opitz Code were considered to be unnecessary, because no 

components were found in these categories. Multiple bores are 

coded under classes 7 and 8 of the modified code. 

The th digit, plane surface machining, was modified to give a 

much greater bias to the description of curved machined surfaces, 

This feature of aircraft components in the non-rotational classes, 

predominates, and a large proportion of these components are 

machined completely from the solid bar or slab initial state. 

The modified code alots four classes (1 to 4) to plane surfaces 

and five classes (5 to 9) to curved surfaces and combinations. 

It is felt that this code will not only satisfactorily classify 

plane surfaces, but will allow for a better division of comp- 

onent families into groups requiring special machines for the 

12h



production of curved surfaces. 

The 5th digit, (auxiliary holes etc.) of the modified code is 

the same as the Opitz Code. One point which may prove trouble-~ 

some with the modified code during analysis is that gear teeth 

for rotational components are coded under digit (plane 

surface machining), whilst for non-rotational components they 

are coded under digit 5 (auxiliary holes etc.). 

The Supplementary Code, FIG. 8-13. The Supplementary Code 
  

caused quite a deal of discussion and went through several stages 

of development before reaching its final form. 

It was initially thought that the accuracy digit should be used 

because of the many components which were toleranced and the 

high degree of surface finish usually specified. However, this 

initial thinking was reversed when it was realized that cells 

would be formed from existing machines which were already coping 

with the accuracy requirements and would continue to do so when 

placed into cellular groups. 

The extra dimension digit (length) was thought to be a necessary 

inclusion, to aid in component family groupings. The use of 

two dimension digits in the Supplementary Code was proposed by 

Professor Thornely, FIG. 7-5, and an interesting feature of the 

Hawker Siddeley Code is the rearrangement of dimensions included 

in these digits. It will be noticed that the two length dimens- 

tions for both rotational and non-rotational components are 

combined under the lst digit and the remaining two, diameter 

'D' and edge length 'C' are combined under the 2nd digit. This 

modification is felt to be an improvement, as it clarifies the 

length dimension by putting it under the same digit for all 

components, whereas FIG. 7-5 uses two length digits, one for 
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rotational (lst. digit) and one for non-rotational (2nd digit). 

This feature will be advantageous when analysing component 

lengths to determine their suitability for certain machines. 

A bar chart analysis, FIG. 8-15 (a) and (b), was used to 

determine if the ranges specified in the Optiz Code were suit- 

able for Hawker Siddeley components. FIG. 8-15 (a) shows the 

dispersion of the range digits and the use made of them by the 

various difrensions. It was concluded that the small range sizes 

were overloaded (326 components out of 00 coming under digits 

0,1 and 2), and the larger range sizes were not used (23 out of 

00 coming under digits 5,6,7,8 and 9). It was decided to increase 

the small range sizes (below 100mm or ) ins) from three in the 

modified code, FIG. 7+5, to five in the Hawker Siddeley modified 

code, FIG. 8-13. The top three ranges, 7,8 and 9 of the code, 

FIG. 7-5 were eliminated to allow this. Fig. 8-15 (b) shows the 

dispersion of the range digits after these modifications using 

the same sample. It will be noticed that a more even spread is 

obtained, thus indicating a much better classification which will 

enable a more accurate analysis when determining component 

families. 

The 3rd Digit (Material) was developed in consultation with 

Hawker Siddeley engineering personnel on the basis of a material 

machinability scale. 

The th Digit (Initial Form) is similar to the Opitz Code. 

The 5th Digit (Treatments) is an additional digit, thought to 

be necessary because of the wide range of treatments carried out 

on aircraft components. Many of these treatments are performed 

between machining operations and this digit aims to isolate 

these components so that decisions can be made on the desirability 
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of including some treatments in cells should the number of 

components warrant it. It is of no concern if treatments are 

carried out before and/or after machining operations, because 

such treatments would not affect cellular operations. 

At the time of writing, stage ) of the Undergraduate Project 

Statement No. 1 is in progress with approximately 650 components 

coded out of an estimated, 2,500, using the Hawker Siddeley 

Modified Codes. 

It is proposed, that on completion of the coding and its sub- 

sequent analysis and the two undergraduate projects, a full 

report and presentation on the feasibility of Group Technology 

within the factory will be made to top management, to enable 

them to make a decision on its implementation or otherwise. 

Conclusions. 

The classification and coding approach to a G.T. feasibility 

study of aircraft components is proving very successful. There 

is little doubt that the final analysis and report to top 

management will leave a clear picture in their minds of the 

implications involved and above all the benefits that can be 

expected to accrue as a result of implementing a Group Technol- 

ogy System. Management should then be in a position to make 

a firm decision whether to proceed with Group Technology or not. 
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FUTURES WORK. 

Future of Group Technology at Bronx Engineering. 

The present situation at Bronx Engineering is one of decision 

making. Having been presented with all the facts, management 

must make up its mind if the time is opportune to preceed with 

a change to Group Technology. There is little doubt, that all 

who attended the verbal presentation of the feasibility study 

and later received a written report were convinced that G.T. 

could provide the solutions to the problems at present facing 

the company. 

Whether these solutions are attractive enough to offset other 

industrial problems, costs of changing the system and various 

economic pressures is debatable, The longer the decision is 

left, the further into the background will fade the favourable 

impressions which the survey first made and greatly lessen the 

chances of G.T. acceptance. 

The future of G.T. in Bronx Ingineering, would certainly be 

bright. The company is small to medium sized and as such 

represents the ideal type for a complete G.T. system to be 

introduced in a relatively short time, Benefits could be de- 

rived in a matter of weeks if the company decided to instal 

a pilot turning cell. 

Bronx Engineering are desirous of fostering better anployer/ 

employee relations and this is evidenced by their recent 

attempt to instal an Added Value Incentive Scheme. Their 

efforts were unsuccessful because employees would not accept 

the scheme. However, the interaction of such a scheme and a 

Group Technology System would be a far more attractive proposit- 

ion and one which would not only add more to the employees pay 
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packet, but would also bolster the flagging profit margins of 

the company. 

The Future of Group Technology at Hawker Siddeley Aviation. 

The thought of Hawker Siddeley Aviation introducing Group 

Technology is exciting, when one considers the possibile 

implication of extending the system to include all Hawker 

Siddeley establishments in the U.K.. A break through such as 

this is all that Group Technology needs to establish it as a 

major manufacturing system. 

Although many large firms have implemented G.T., introductions 

are taking place at such a slow rate that progress on G.T. 

installations must be ncneitaiia as neglegible. Hawker Siddeley 

would certainly be one of the largest concerns contemplating the 

G.T. system and if it is approved then advances in G.T. tech- 

niques such as cell design, cell loading, sequencing, machine 

utilization to name a few, would certainly be improved on in 

the ensuing research programme, 

Large projects sometimes have small beginnings and it is to be 

hoped that the part feasibility study outlined in this thesis 

is the small beginning to a much larger Group Technology 

exercise. 
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10.1 

10.2 

DISCUSSIONS. 

Introduction, 

It is possible at this stage to look back and reflect on the 

classification and coding approach to Group Technology imple- 

mentation and evaluate whether it achieves the desired objectives 

or not and if the work put into the coding exercise is worth 

while. 

There is little doubt that the crux of a successful Group 

Technology installation is the formation of similar technolog- 

ical families of components and the subsequent grouping of 

machine tools and processes to produce these families. A 

measure of the success of the above groupings is the value of 

benefits derived. It is possible for a person, familiar with 

a firm's product mix, to 'walk around the shop! and divide the 

components into what he considers as similar families and then 

arrange the machines into groups by eye, to machine these 

families. Such an approach would be very fast and most inexpens-~ 

ive, but because of its casual nature would be doomed to partial 

if not total failure. Any success would simply be a reflection 

on the proposers good judgement. Firms require a more definite 

approach than this, An approach which will not only form the 

families and groups mentioned, but will do so in such a way as 

to ensure an optimumization of the expected benefits. 

The Role of Classification. 
  

It has been pointed out in this thesis that there are methods 

other than classification for forming similar families of 

components, but on taking a closer look at these methods, one 

sees that the principles involved are complicated or are not 

for general use. This aspect of component family formation by 
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classification has always been unchallenged and in fact is 

taken for granted once the codingof drawings is completed and 

the data put on computer. 

The geometrical features of similar families are automatically 

grouped according to the class digits allocated to them. Of 

course there are many classification systems for this purpose 

and one should ask - what are the criteria for selection of a 

suitable classification system? Anyone who has had experience 

with classification should be able to answer this question. A 

number of factors readily come to mind, viz:- 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

Simple - the code should be simply structured and 
easy to understend so that its use and meaning is 
available to all within the firm using it. 

Precise - its format should be such as to give a 
clear interpretation of the objectives around which 
the code was designed. 

Short - the number of digits in the code should be 
as small as possible, bearing in mind the purpose 
for which the code was designed. 

Easily Modified - there is no wniversal code which 
can be used for all companies. Each situation is 
different and code structures must be open to mod- 
ification. 

Flexible - its use must not be narrow or singular 
e.g. just for family formation. It should be 
structured so that its existence can be justified 
for other uses, e.g. design retrieval, standardis- 
ation etc.. 

Easily Analysed - an important aspect, which one 
inmediately associates with the ease by which 
coded data can be processed both by manual and 
computer analysis. 

Uniform - All definitions and interpretations of 
the code should be uniform in meaning and such 

uniformity put down in writing e.g. a code manual. 

Easy Avplication - the actual coding of a component 
should be a series of short, logical decisions each 
followed by a simple notation on the drawing. 

Repeatebility - a component should code identically 
irrespective of the number of times it is coded and 
by whom. 
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(j) Universal - a code must be designed to accomodate 

all components manufactured within the firm and not 

just a large percentage. 

The above ten factors are considered to be the main criteria 

for selecting a classification system and one could list many 

minor desirable features to be considered in the design of a 

system. 

As the Opitz System was used on the projects in this thesis 

one nust gauge how it measured up to the criteria listed above. 

The structure of the Opitz Code, FIG. 2=2, is certainly simple 

and easy to follow setae one compares it with the Brisch Code, 

FIG, 2-11, and other miscellaneous codes illustrated in this 

thesis. All classes within the Opitz Code have short, precise 

descriptions of the particular aspect referred to in each 

column heading. The code has nine (9) digits and is one of 

the shortest length codes available. It can be easily modified 

both in length and individual digit meaning, because it is an 

open ended code with each digit having independent significance, 

The use of the Opitz Code for design retrieval and standard- 

isation has been described in this thesis, thus illustrating its 

flexibility of use. 

Because of its totally numeric structure the Opitz Code is 

ideally suited to data processing facilities, thus making the 

task of ccde analysis a much easier one. The standard use of 

a code manual ensures that the definitions and interpretations 

of the Opitz Code are uniform, whilst coding is exactly that 

which is specified for easy application. The repeatability 

of application of the Opitz Code has been proven by many users, 

but this feature is largely a reflection on the manner in which 

class digits are stated i.e. singular or double meanings, or a 
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feature being interpreted under more than one digit in the 

same colwm. 

The last criteria, that of universal application must be 

adhered to when considering the components to be manufactured 

by a specific cellular system. There have been instances 

where more than one code has been used in the same factory. 

In a particular eee three codes were designed, one each for 

electrical contacts, levers and sheetmetal components, Three 

codes were necessary because of the incompatability of components 

in each of these classes to satisfactorily form manufacturing 

families under the one code. However, within each category, the 

code concerned was universal in its application and completely 

coded all components, 

Conclusions. 

Because S2.the benefits to be derived and the advantages to 

be gained, as outlined and discussed in this thesis, there is 

Little doubt that classification and coding is the best way 

in which to approach a Group Technology exercise. Also the 

Opitz Classification structure is that which can be best modif- 

ied to suit each and every firm desirous of adopting the class- 

ification and coding approach to Group Technology, 
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CONCLUSIONS. 

1. Group Technology is a tried and proven system, one 

which will eventually make a major contribution to the small 

batch manufacturing industry. 

2. The introduction of Group Technology into a firm 

must be a totally committed exercise on the part of both manage- 

ment and workforce if success is to be assured. 

3. Group Technology can only be achieved by eliminating 

the functional layout of facilities and replacing it with group 

layout. 

lh. Group Technology cannot be implemented in isolation 

to the shop floor, it must be integrated into the whole corpor- 

ate system. 

5. Before Group Technology is introduced to the shop 

floor, a complete record of production data should be made so 

that the 'before! and ‘'after' conditions can be carefully 

assessed and compared. 

6. The benefits of Group Technology have been documented 

many times and a company should take careful note of the "before! 

values of these benefits so that estimates, of improvements dir- 

ectly attributable to Group Technology can be made. 

7. Group Technology is a new manufacturing concept and 

many are ignorant of its implications. A firm should embark on 

a comprehensive educational programme to ensure that the prince 

iples and objectives are clearly stated and understood by all. 

8. A workshop principle of Group Technology is that 

machine utilization is not of paramount importance, but labour 
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utilization is. Hence some degree of flexibility of labour is 

essential to ensure full utilization. Overall machine utiliz- 

ation usually improves, because key machines are more efficiently 

used than they were under the functional layout. 

9. By giving cells a large measure of autonomy, employee 

job satisfaction is greatly improved, with a follow on improve- 

ment in product quality and productivity. 

10. Some difficulties can occur with the labour flexibil- 

ity requirements, but this aspect should not be 'overplayed' 

until the exact measure of flexibility is known, when it may be 

automatically accepted by employees as a necessity of the new 

system. 

11. The implementation of a G.T. system is a good time 

to consider other changes which in themselves may not have 

warranted attention e.g. replacement of old machines, introduct- 

ion of new processes, reorganization of personnel structure, 

study of products and elimination of non-profitable ones, the 

introduction of an incentive scheme etc.. 

12. The roles of Production Planning and Production Control 

change significantly with the introduction of G.T. and it is 

important to forecast and plan such changes so that all concerned 

are amicably satisfied. 

13. A classification and coding approach to Group Technol- 

ogy requires the analysis of a representative sample of the 

component range in order to design a suitable code for complete 

adoption. A sample size of 10% of the live components is gen- 

erally accepted as sufficient. 

14. The installation of a pilot cell is desirable, to 
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illustrate the effects of G.T. as well as gain some benefit to 

offset the added costs. 

15. A pilot cell should always be designed to integrate 

with subsequent cells. 

16, <A verbal presentation, coupled with a written report 

of a survey of component drawings is the best way to present 

top management with the necessary facts and figures to make a 

decision on Group Technology. 

17. An expense which may prove to be large, is that 

incurred in purchasing auxiliary machines, so that cells may 

be independent for all their operations. 

18. Labour requirements may decrease slightly as a result 

of Group Technology, because some positions such as progress 

chasers are not required and other personnel in quality control, 

inspectors etc., are required to a lesser degree. 

19. Coding of drawings should be carried out by a firm's 

own personnel as this exercise develops expertise in the use of 

the code and gives a greater wunderstandingof the requirements 

of cell types when cells are being designed. 

20. Group Technology does not end with the formation and 

loading of machine grovps. Techniques involving the complex 

component principle, specialization of jigs and fixtures, tool 

design, value analysis etc. can be employed to maximize the 

efficiency of cells and machines. 

21. The establishment of cells to machine specific 

families of components, opens the way for the installation of 

special purpose machines designed especially to carry out those 
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operations required by the family of components concerned. 

22, It is essential when analysing a large number of 

components, for a company to have a computer or alternatively 

access to computer facilities. 

23. One of the most worthwhile aspects of Group Technology 

as far as sales personnel are concerned is the ability to quote 

short, reliable delivery dates for products as well as give 

accurate estimates and completion dates for jobbing work. 

2. The chief factor in overcoming employee resistance 

to G.T. changes, is to gain the support and participation of 

union representatives on any committee established to promote 

the implementation of Group Technology. 

25. When a classification system is based on technological 

as well as geometrical features of components, a coder quite 

often has to refer to process sheets, to ensure that the code 

alots the component to the correct family for machining. 

26. The use of bar and flow chart analyses in reports are 

extremely valuable when illustrating results and sequenced steps 

respectively, after carrying out a G.T. survey. 

(27. <A company's sub-contract work can be satisfactorily 

analysed and assessed by a properly designed classification 

system. 

28, Component route diagrams of existing manufacture 

provide a realistic demonstration to management of the long and 

haphazard journeys which components undertake during the course 

of production, 

29. The accuracy digit of the Opitz Supplementary Code 
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has been found to be unnecessary when using the code for the 

implementation of Group Technology, because existing machines 

are currently coping with accuracy requirements, and there is 

little to be gained in coding accuracy when the same machines 

are still going to be used. 

30. The dimension digits of the Supplementary Code should 

be carefully analysed to ensure that the scales provided are 

suitable for the company's range of components and machines. 
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2 eye 7 2 Component 7. aa of. Curved Surface auxiliary holes) 

Lee 

te Formed Component pa : 3 Gear teeth, with lie : ae : ‘ ite ¢ : S Slz with deviations in gS 7 + principal bore(s) 8 Guide Surfaces auxiliary hole(s) 
2 the main axis : ‘ 
a see oe er 

Q]a others 5 Others 5 Others S Others 
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OPITZ . CODE 

 



GEOMETRICAL CODE 

  

  

  

    

  

  

      

1st Digit 2nd Digit 3rd Digit 4th Digit 5th Digit 

. a 

Principal bore, = Component Overall ed ince Plane Surface Auxiliary hole(s) 
Class Shape mioctahing Machining Forming, Gear Teeth 

No rotational No auxiliary holes, Rectangular No Surface 
0 f ” 0 machining or 0 Machini 0 gear teeth 

Prism bore(s) eoyning and forming 
Penman’ O/) T 

4 E eee 4 One principal bore, 7] Functional Chamfers , Holes drilled in one c eviations (Rig : : D ; ; : 
&} Angle or Triangular) smooth {e.g. welding prep.) : directiononly —; 

armed —E 
S % 

a _ 

S Compounded of Cne principal bore ©] Holes drilledin more CO One plane surface 2 ; : 
2 gs Rectangular Prisms 2 meppes ae ar hoth 2 . ‘ = than one direction 

Pa Components with a O Sas 1 a8 Holes drilled : e principal bore Stepped plane DoS : 
3 8 mounting or locating 3 sis P . 3 oe 3i2 >= in one 

S surface and principal bore with shape elements surfaces & a S direction only 

| 5 |Components with a moun- pres Stepped plane surfaces oe > Holes drilled cs A . 
o 

a ¥ oe ae 4a eee ee ree 4 at right angles, inclined 4. z = = in more than 

ies = anand surface parallel and/or opposite A 3 one direction 

ale : Formed 
- everal I ° eee 5 Components other 5 a erincis 5 Groove and/or Slot 5) cs no auxiliary thanO0to4 bores, parallel Se holes 

Z Poe , ag s : aS. 
E 2 Approximate or Several principal bores, ° Groove and/or Slot aAlEs Formed. z 6151 compounded of § ee a: 6 : O15 6 with auxiliary 
& =| ‘a | rectangular prisms ee Peraye and holes : aa e 
S E s Components a Machined annular 5 Gear teeth, no 

E 2 Oo other than 6 / sae rs aes 7 Curved Surface auxiliary hole(s) 
= ea ® . ia 

=| Cubic Components = A irate : ° ; pproximate or ] oO Gear teeth, with 
1 ASS A Se BIS compounded of 8 7 + principal bore(s) 8 Guide Surfaces o oe 

3 ml we 2 : auxiliary hole({s) 2 B Cc =| = [rectangular prisms 
a OL TO — ise 

a} Components | : 
g a other than 5 Others 9 Others 9} Others 

a 8 3 :     
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FIG. 2-8 
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Component Class 

  

  

    N
o
n
-
r
o
t
a
t
i
o
n
a
l
 
C
o
m
p
o
n
e
n
t
s
 

  

  

    Specific 

Non-rotational 

Components   

- 

Reserved for firm’s own 

classification 

                

SPARE NON-ROTATIONAL CLASS DIGIT OF THE OPITZ CODE 

MiG.2=5 

 



ist Digit 
- OPITZ SUPPLEMENTARY CODE 

2nd Digit 3rd Digit 4th Digit 
    

_ DIAMETER ‘D’ 
es AO Se 

-EDGE LENGTH A> 
2°" MATERIAL - “4NITIALFORM | 77 , . ACCURACY IN CODING 

DIGIT 

      
  

      

  

  

  

  

  
  

  
  

    
  

  
  

  
  

  
    

MM’'s Inches ; : . Siete tees tet . = 
O < 20 <08 O Casey . | : 3 O ‘Round Bar, (eae | O No sie Specified 

Modular graphitic cast. Round Bar, bright 
1 = 20 < ee > 08 = 2:0 1 iron and malleable cast iron 1 “ drawn 2 1 oe 

: : : ; ‘ 
: Steel < 26.5 tonf/in? > Bar-triangular, square, 2 3 : 

2| >50< — == =") 2 - Not heat treated “hexagonal, others 

: Steel >26.5 tonf/in? : as se nee 
3 > 100 <160 >40<65 3 Heat treatable low carbon and case 3 / Tubing 3 74 

hardening steel, not heat treated wre gee eens : a 

he - Steels 2 and3 Angle, U-, T-, and a 
4 |> 160 <250 | >65<100 4 Heattreated _ 4 ._ “similar sections 4 . 

oe Alloy Steel : a ees - oe B | > 250 <400 |>100<160 5 asa cee 5 _ Sheet : 5 Bonds. 2 

G |>400 <600 | > 16-0 <25-0 5 Oe G | <+ ‘plat andSiabs |: E “ Qand4 “ Beas asi ae Heat treated ce Bee Foti Ret ee ee ee 

aes “Cast or for: <- ; EY > 600 <1000 | > 25-0 < 40-0 - Non-ferrous Metal * 7 oe J 2and5 

> 1000 ee : ie pe Tey nas eae cee a Sine. te 2 ‘ > 40:0 < 80:0 ht Alloy — pee. _. Welded Assembly 3and4 8 < 2000 8 sate ae 8 = ea. 8 

5 >.2000 5 80-0 9 Other Materials © : 9 Pre-machined Components 9 {2+3+4+5) -                     
    

  
  

FIG, 22-10 
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COMPONENT/MACHINE CHART - INITIAL RECORD (after Burbidge) 
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COMPONENT/MACHINE CHART - AFTER FAMILY GROUPING (after Burbidge) 
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WORK CENTRES 
OFA OP. fon OP So ORE. | Op. & 

No. LV pe 

1 Be G5 1 

LATHE 

Hie, 
2 LATHE ie 

MARK OUT 
3 BENCH 1 2. 1 

DS 
o DRILL | i? 1 

. MV 
S| VERT-MILL = 

MH 
© |Hortz—-MILL 4. Ce | 

DM 
rs DRILL ss cc 

DE-BURR B | BENCH 1 Bal 2,                   
FIG. 3-3 (a)- MACHINE/OPERATION N° FREQUENCY CHART. 

4o 

1| f a 

3\4 4 

3|7 1 

ips 
4\6 1 

ey 2 

1]5'!8|3/7 fe J . 

1/6 3 ‘ { * 

1|}6)'7 { 
* 

ORNs later eliminated 

during Simplitveation.   
O.R.N. FREQUENCY CHART (after Burbidge) 

FIG.3-3 (b)
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Group flow simplified by:- 

1 

2 

GROUP FLOW NETWORK DIAGRAM 
FIG. 3-4 (a) 

Transfer 34&4 ORNs 
BOMGEQUD 6. 

Change ORNs 134 to 
S02 Ss) £Or Leo tea 37 
to 1578, “by w1qgq1ng 
instead of Mark out. 

Change ORNs 2 to-1; 
2As-GO, 42468 6o 

1468; 248 to 148 - 
Reroute from H5 to 

H5 4... 

Ally parts; routed to 
bench (8) for quanti- 
ty check and visual 
inspection.   

SIMPLIFIED GROUP FLOW NETWORK 

FIG. 3-4 (b) (after Burbidge)
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WEIGHT RANGE] ~~ THREAD a5 SCREWING 

  

  

oles \NCILLARY a1 8 aj a] te oe] Y 
BR | ANGEERARY [E13] exrernal | $] 3] rnrernan | 2] 3 | operations | S| 5} s/c TooLs 
Re aided Ca or te 3 Oe 
4 COMPONENT (hb. 1 CONF IGURA- i) CONF IGURA- i HOLDING/ 1 TURNING 

11 | on monocope) ie TION B14 tron a GRIPPING mu 

1) BATCH SIZE/ |_| ETE 
2|2*1 ror THE 1a] | RPAME TERS: “Dade | CENTRE HOwE | S2 72| >| priLLiNe 

SO SPERTOD sos 9 : 9 9 

3 % MAKE OR BUY 1370) CHAMPERS [33 Ls AXIAL HOLES|53 TURNING 7324) BORING 

1A PRODUCTION L L HOLES: 4 7 JES 154 : 4 ale GROUP (G.T.) 1a owt. ee oe lense nee haba Bt MACHINING 

1 HANDLING 1 } THREADING 
alor] ae oad t y 

9 9 9 

Lg 9 
  

  

                          
a 

aL 

| 
THREAD 55 ys 

a 
is: 

9 

1: 

2 | 

a: 

A         

6 MADE FROM | 14 36 56 MILLING 74 

Bales MAX. Q/D TO |) 1) crErH, FORM 5 GRINDING Mog |PIRST DECIMAL ad et 5? : 4 
oy LENGTH TO 1 inh cer ee oan cee 4 BETH CUTTING TEETH CUTTING 

. “od HIGHER INCH 1s Tee. Net ee =e AND FINISHING 77 AND FINISHING 

14 MATERIAL i TEETH, PITCH/ Z HEAT 
214 | croup 19-",| MODULE a? ne TREATMENT =| 74 

g g % 5 34 3 54 3 72 
Ss § $ 

1 | ONE 1 | DRILLING - 1 | VERTICAL, SINGLE 

; TWO OR MORE : 5 Brisch 2 Pen ciey bore eed 2 | BORING 2 | VERTICAL, MULTI. 

RADIALLY eure Polycodes. 3. BG0yEPACED 3. | REAMLNG 3 

4 | AXIALLYSPACED 4 | BROACHING 4 | RADIAL 

FIG. 3-5 (a) 
5|/2+ 4 5 {14+ 3 5 

6/3 +4 6 |2 +3 6 | HORIZONTAL 

    

    

    

    

    

  

    
  

  

                    
  

  

MONOCODE POLYCODE PROCESSOR TAPE] AUX. DATA 

FEATURE [ op. Fons . 
MACHINE TOOL CODE pa en | oe os 

  

  

    
TOOL CODE 
  

—— 
—~—._ 

EXTERNAL[. 
  

    

    

  

    

  

    

OPERATIONS 

| a enpay | TAP ehal-1O@OO®@ 
          sees alae) 

    

      

PRODUCT MATERIAL CODE 
  

    

  

  P MATERIAL |___ COMPONSNT_N. 
2s ASOT _134567-123     

——__ MONOCODES .——_—   DUMASWHAKD      
  

Rt 

SPEED AND 
FEED DATA 
  

| OF ROTATION   

POLYCODES 
ae renee ones mene 

DIRECTION 

    a 

461) 
© 

ot topes a8 
    DESIGN PROD. PLANNING     PRODUCTION CONTROL (N/C)     

Brisch N.C. Programme  FIG.3-5 (b) (after Gombinski)



AN UNGUVED ULASSIFILATIUN STSTEM 
Components in the entire : Bush-type 

plant (shop) parts 

    

        
  

  

Classification by sy of Sauer ED 

  
        

      

    

  
            

  

  

  

  

  

  

  

  

[ Autos } [ eas | = lathes] ring aes , | | | : 
machines machines i A i Rings Mounts Stepped Gears Tubes 

oe by Vs shape bushes 
2 

Shefts, Bush- Body 
pins, type coemean eas 
axles parts . 

So by ection ond oe ions ee as i---- 

|_| Mounts = bushes Gears Tubes Saas 

i 
Grouping by similarity ; equipment one etc. 

gaa es Ss : a 

General Scheme of Component Classification. (after lyvanovy : 

(a ) Component Classification on the basis of design and operations. (after paae) 

(c) 
  

| Lathe class | 

        

      

  

  

  

      

  

  

  

Stepped 
bushes 

| me No.1 ay No.2 Group No.3 Group No.4 
Shafts, pins,axles Body components Se Sot ear eee 

Bush-type 
: parts 

= Fe0- 

Hap 

Ss b& 

Component Classification on the basis of geometric shape. (after Ivanov) Component Classification on the basis of similarities in the equipment, 
tooling and settings used. (after Ivanov) 

(b) qe eee (d) (after [vanov)
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CODE NO. 

11100031 PIN 
11100031 PIN — 
11100031 PLUG 
11100031 PIN 
11100031 PLUG 
11100031 PLUG 

11100032 PIN 
1LTO008 2: PIN 

11109032 °° PIN 
11100032 PIN 
11100032 PIN 
11100032 PIN 
11100032 PIN 

11100033 PIN 
11100033 PIN 
211100033 PIN 
11100033 PIN 
11100033 PIN 

, 3 

DESCRIPTION 

FECHNICAL DATA RETREIVAL SYSTEM 

1112 
LTHR 
FIBER 
1112 

R5108 
FECT 

NP Lti2 
CRS 

: COME 
R2313 
R2313 
CRS 
R2311 

NP 

1112 
CRS 
COML 
R2313 
R2313 

VISIONS OF EIGHT DIGIT CODE 

MATL FINISH 

PS TA 
NT PL 

DIM. 1 DIM, 2 

02155 02000 
0156 02000 
02156 02000 
00186 02000 
00188 02000 
02138 02000 

00155 0.000 
0.156 0-000 
00156 02000 
00156 02000 
Q2187 0-000 

0.188 0.000 

02189 02000 

00155 02000 
0o156 02000 
00156 0-000 
Qe157 0-000 

CGel57 02000 

(b) 
  

{ DIM. 3 DIM. 4 PART NO. LEV 

0-000 02250 421272 
0-000 0.063 4867000 

0-000 0-063 171058 A 
0-000 00250 421205 A 

02000 06250 2565009 A 
0.000 02156 176002 

0.000 06316 21205 iG 
0.000 0.375 21202 
0.000 06437 5612017 
0-000 00450 Bi1255 A 
0-000 02563 191263 A 
0.000 0.500 11210 

0-000 0.375 311236 B 

0.000 00875 271214 8 
0.000 00687 21208 

02000 Oe687 561200) 
0.000 02594 8012008 
0.000 0.875 3512014 

a ‘ 

TECHNICAL DATA RETRIEVAL cam 
  

DESCRIPTORS 
  

TYPICAL ILLUSTRATIONS OR DESCRIPTIONS TERMS AND DEFINITIONS 
    

CONCENTRICS, 

other than profiled 

CONCENTRICS, PROFILED 

ae S TS SEZ COO Oe 
ports that are round or polygonal having the main shape concentri¢ 

about a common oxis - including parts with internal gear teeth or 

splines 
  

FO BS te parts with geartecth, splines, grooves, serrations, alpha-numeric 

wheels & polygonal parts with spur gear on minor diameter 

  

BENT ROD OR TUBE uniform cross section - solid or hollow 

  

BENT OR SEEM INGLY § BENT, 
oie thon rod or tube 

583 q Ce. DDO PP 
? Oreo €< rf A fa. al A 

   
- 

SK 
prebending material hes rectangular cross section other than square 

  

FLAT, uniform or 
non-uniform thickness Co? HAVSS CPCS thickness surfaces porallel to each other 

  

          

(a) 
FIG: 2-7 
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FECHMICAL DITA REVAL es 

       

  
  

SS oS ae aS eee ieee 
ous i { : fone eee : zs 
e: tt pasattit ah etsaess aie \. co SCO DRE tdewith N tbe el d t e st ie 

oz tS a Sng OE MAX. 0.D cy Se = HOLES. GKOOAES. 3 tener Ahi \ LENG Gz 
3 MISOQLANEOUS MAX OverAitienGiH | $2 
al O26 of secxon \ Oe oN ae center hole) THREADS au OO} x 2s : or section across flats ~ Le 

(0) ott} THAN OTHER THAN OTHER THAN OMAMQNE | OTHER THAN OR NONE | OTHER DXAN ORONE NONE NONE (9 A 

c= s MS max (aS OFF oe 

1 | | CYLINDER NONE peat Let SRB Groove (s)'" 15 1) CONCENTRIC ears <.10 es 
L)\ 29 , y Sa” i 

1 single bolt circle eB BRS. “Z external VARIATIONS bs Soins N { ] 

: ere: ~y 
~ MAK > (2 ie ‘ 

yt crunoer sinctet 0." O -Z RADIAL ) <e croove(s) 0) “55) sccipesata $2963 50 1774 
44 multi- concave thru going MS round -” Oe internal &/ pares moynar ces bond 

on ie fe: 

ey cruNDER sincte Lo.” & 1s 122 122 S500 S108 4 534 

@ 3S! ruli-conves GD) blind 
Ko 

4 £ ’ 
r ry (6) es a f SLOT (5 +f Se : Ais ee SINGLE |. D. F RADIAL <GOr GROOVES ®) (S) : Sy 4 x60 a 
Fit : thru going A other than ( \ C2 on face (s) wy) N & Ly : = 'j 
ES 4 multi-conical threaded N54 ei y ~~ Sg N L i 

ES, co (4) 
', mo 

[>| CYLINDER SINE LS S 184 124 124 5206. < 30 DINGO" <22-30- jis 
C4 multi-variable threaded t | 
op ee se Sens oO. iA 
4{ CONE MULTI D. ry 244 224 >.30  < -40 =2-30--<3.10 Vo: 

+0 single thru going & 43} 

‘ é 
- ———.¢ - 

tay ECCENTRI (4) : oF Niece MULTE D. 4244 W284 L284 5.40 <..60 >3.10 £5.10 ; 
TA acdensvon tevedi blind ' 

O of triode 
{ 

oon MULTI. D. BOLT CIRCLE FLAT (5) 7? . is 
© {| douste. thru going 4 min, two a ay bent iabe >.60 <¢.80 >5.10 $7.10 bo- 

(@°] convex threaded OE | holes or stots ee ieee Cs 

ia MULTEL D. {4 = 
(0 }} SPHERICAL , blind Kin, 148 1a8 148 = 60. <1. 10 >7.10 ¥ 10.10 k g 
‘y /| PORTION \z theesdad YB ee 

cee 
CYLINDER - ECCENTRIC (4 if 

a\ ss oe fe cwic teen @ 248 248 288 S210 22.10 > 10.10 <¢ 14.10 ¥ ay 
rs \ savas  edegdlon et ° bolt hole =a > ee 

- CYLINDER 3 ij 
48 U1 oiax accion fe tapered”) = 1248 1248 L248 >2.10 £3.60 > 14.10 $ 24.10 ii = 
i hexagon oF tnlobe tein 

: Es f_- - 5 } 
CC RESERVED SPHERICAL 428 448 448 > 3.60 > 24.10 Hite 
\S LD he 

r ‘ 

: ~~] POLYGONAL apace age f 
| Dey2occeom thru going ( L428 L448 488 ;: £) 
i] tntobe o hes or blind 

= 
[a 2 180° 

1° E CYUNDER e 24488 2428 2488 | 
« segment = 

. oe 

i. | CYUNDER 0 a @F hie 
aeearine 12,488 42,448 12448 : 

1) Grooves sholl be ignored for coding uniess 360° on face of pant. . rod, XXX x 30” of 45° sholl be considered as 0 concentric variation. {7} A section of the part parallel to the longitudinal axis, other than lA, 18. VO of IXK4 

(2) Clossify in division $, at length os < diameter or dimension across flats Chomlers ond tapers > 1/16" shail be considered as having a mubi-center hole (8) Dimension across cross section. Not applicable for IXXXX2 
(3) 

round of spherical ends, R 
Internal center hole end chomlers, tapers < 1/16" other than specified os o (4) 

shall be considere: 

External end chamfers, tapers > 1/16 oF other than 30° or 45°, including 

d @ CONCENTRIC VARIATION 
(5) Classify as PROTRUSION only if projection from main shape is not thru from 

face to face Refer to note (10) 
{6) Blind of thru going. but shall not break out one or both ends of pat 

FIG. 3-8 
  

(10) “Face to face’ w: 

Refer to note (5) 

  

(9) Grooves that exceed 125° in width shalt be considered os having a me!) O O or section 
exist regardless of any relief to the eccentric portion between faces      
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Long with Complex Cross 
Sections (12=b2h) 
Complex and Fabricated Parts 
not in Classes 1-5, 

STRUCTURE OF ZAFO CODE 

FIG.3-14
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MATERIAL :- MILD STEEL. | 

OPITZ “CODE NO. G1312 74270 

     
  

    
  

-Rotational Component, L/D <0-5. 

External Shape - Stepped to one end, no shape 
elements. 

—Internal Shape - Stepped to one end, with 
functional groove. 

Plane Surface Machining - External plane surface. 

Auxiliary Holes and Gear Teeth - Axial holes 
related by a drilling pattern, no gear teeth.     

01 3.4.2-- Ge OMe TRICAL. CODE 

4 2 ga) -— SURPLEEMENTARY CODE 

Accuracy - None specified. 

Initial Form - Forging. 

Material - Mild steel.   Maximum Diameter ->160 = 250. 

CODING OF ROTATIONAL COMPONENT. 

FIG. 4-2
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MATERIAL:- CAST IRON SECTION A-A 

  

OPIT.Z .GQODE...NO: :- 65448:/ 6072 
    
  

Non-rotational, flat component. 
AIBS3, A/C>4. 

Overall Shape - Flat, rectangular with small deviations 
due to casting, welding or forming. 

Two principal bores, parallel. 

Plane stepped surfaces, at right angles, inclined 
and/or opposite. 

Holes related by a drilling pattern, drilled in one 
direction, no gear teeth, no forming. 

B.5:4.4-3--—~GeOmMeLRICAL, CODE 

6. 0.7 2 SUF PLEMEN TARY CODE 

  

ee ee H7 specified. 

Initial Form- Cast component. 

Material- Cast iron. 

Edge Length ‘A’- > 400 <600. 

CODING OF NON-ROTATIONAL COMPONENT. 
FIG. 4-3



  

No Yes Pos. Designation 

    

  

  

  

  

        
      

Stepped to one end or smooth, with functional 

Coding 

digit 

  

groove 

Only grooves fulfilling a definite function and 

imposing rather high demands on production; e.g. 
grooves for V-belts, labyrinth glands, circlips, etc. 

In contrast, undercuts for threads, chamfers, etc., do 

not come in this position. 
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ups 
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are’ internal. 

  

  

  

  

  
  

  

Stepped to both ends (multiple increases), no shape 

elements 

Rotational components with several diameters dis- 
tributed along the length and alternately increasing 

and decreasing. 

      

  
  

Pe ee ees fh emt 

                    Stepped to both ends (multiple increases), with screw 

threads 

All threads except those mentioned under operating 
threads.       

ePllZ:GODE MANUAL 
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SECTION OF A REUSE PARTS CATALOGUE 

FIG. 4-8 (b) (after Brankamp)
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COMPARISON OF THROUGHPUT TIMES BETWEEN FUNCTIONAL AND GROUP LAYOUT 

FUNCTIONAL LAYOUT 
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COMPONENT ‘B’ JIG FOR MACHINING COMPONENT ‘B’ 

FIG. 5-4 (b) 

  

  
  

        

  

  
  

COMPONENT '‘C’ JIG FOR MACHINING COMPONENT ‘C’ 

FIG. 5-4 (c) (after Crescimone)



  
  

  

    

  

  
    

  

COMPONENT ‘D’ JIG FOR MACHINING COMPONENT ‘D’ 

FIG. 5-4 (d) 

    
  

MULTIPLE JIG FOR MACHINING ALL FOUR COMPONENTS 

FIG. 5-4 (e) (after Crescimone)
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FULLY INTEGRATED FLOWLINE SYSTEM 

FIG.5-6 (a) (after Thornley) 
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Turret 
Dinad +4 os Tool description 

  

a Face and Rgt. Turn 

(use as stop) 
Centre 

‘2 Dri 1 
* Boring 

Finish Turn 
Free 
Free 

Part..Orf D
B
r
N
I
N
U
A
W
H
 

      
  

* Change to suit requirements.   
Notes: 

Additional tools should be 
placed in a free position 
where possible thus pre- 
serving the basic settings. 

  
    

TYPICAL TURRET SET-UP FOR COMPOSITE COMPONENT 

FIG. 5-7 (a) 
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FAMILY OF COMPONENTS MACHINED BY COMPOSITE COMPONENT SET-UP ABOVE 

FIG. 5-7 (b) (after Durie) 
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Hardinge Turret set-up for G.T. Line l 

TURRES: NO. 1 

  

  

  

ee es Tool description 
COMPOSITE COMPONENT 

a Stop, 

2 Face and rough turn. 
3 Finish turn. 

4 45° Chamfer tool. 

thie) Radius or form tool as 

‘required. 

a. G Undercut tool. 

7 Back turn: 

8 Part, Off tool. 
Ferrous material 

3 or more diameters.         

* This tool may be changed to suit 
requirements. 

COMPOSITE COMPONENT WITH 3 OR MORE DIAMETERS 

FIG. 5-8 (a) 

Hardinge Turret set-up for G.T. Line l 
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COMPOSITE COMPONENT POrrec 
aateion Tool description 

  

  

Stop. 

Face and rough turn. 

Binvsh -curnes 
Centre. 

Dpanbllaks 
Bore. 

Undercut. 

Part OLt., 

  

pee eee ae ee 

  

          

+ 
* 

+ 

O
N
N
D
U
B
R
W
N
E
 

wn
 

      
Ferrous material     2 or more O/Dias. - l     

In/Dia. * This tool may be changed to suit 
requirements. 

COMPOSITE COMPONENT WITH*2 OR MORE ©.Ds. AND 1° 1.D, 

PIG, 5-8 (6) * tatter, Durie}
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mrad 

Max. component dimensions: 

250mm dia x 200mm length 
x 200mm depth of boring. 

Squore turret 

for 4 cutting 
tools. 

  

    
  

    

  

DESIGN OF A SIMPLE SHORT BED LATHE 

FIG. 5-9 (a) 

  

Centre lathe 

Max. turning dia.: 

Length between centres: 1000mm 
Space required: 7.4m? 

  

Front operated automatic 

250mm 
Max. turning !ength: 400mm 
Max. turning dia. 

Space required: 

COMPARISON OF FLOOR AREAS FOR VARIOUS TYPES OF LATHES 

FIG. 5-9 (b) 

4.4m? 

  

  ; x | 7” 

Short lathe 

Max. turning dia.. 250mm 
Max. turning length: 400mm 
Space required: 4.7m? 

Space required 

     2 for operation 
ese for maintenance 

im 

  

(after Moll)
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FIG. 5-10 (after Arn) 

 



A. COMPLICATED MATERIAL FLOW SYSTEM (Functional layout) 

  

      

  

    

  

      

B. SIMPLE MATERIAL FLOW SYSTEM (Group layout) 

  

  

                  
  

  

    

LAYOUT AND MATERIAL FLOW 

E16, 5-13 (after Burbidge)



1. Production 
Control 

ens 

J 

   

. Loading 
Sequence 

2. Plant 

  

  

  

Layout 

a - Stock Control 

b - Flow Control 

c - Functional Layout 

d - Group Layout 

e - Short Cycle 

f - Long Cycle 

g - Planned Loading 
Sequence 

h - Random Loading 
Sequence 

AIDA DECISION NETWORK 

  

  

  

                                      
  

  

  

  

  

            

FIG. 5-12 (a) 

Exclud4 Po : 

Lng ag ag| |ag}ad jad cg 
Links ae |ae aejae |fg fdi|ce|ce |fg fg 

Y(yes)) W(no)} 1 | 2] 31415 ]6 |] 7 9110) 24112 }.23)04115:116 

a (b) Bo YY | Vit See N]| NIN] N] NI] NIN IN 

c (d) VY) VIN Pw Y tye Pe ry Ne Nt EN 

e (f) YAY. Nt NG | You Ye N Y EON | ONG Yolen]: Nol Ni 

g (h) BY? [asia |e Yo | eeNG eV er aN ny Me NPY aN Y | Nay aiEN 

COMBINATIONS OF POSSIBLE OPTIONS 

FIG.5-12(b) 

A acfh SC iGhunGue Long cy. {Random TRADITION 

es bcfh PBC ee runic. Long cy. |Random 

ra bdeg PBC 1 GiL Short cy. |Planned eds 

14 bdeh RBC a Get Short cy. Random 

16 bdfh PRC 3G. t Long cy. {Random       
  

COMBINATIONS OF POSSIBLE SOLUTIONS 

FIG.5-12(c) (after Burbidge)



  

"ORDER POIN'I! 

      

  

REORDER LEVEL"! 
  

  

    

                                    
  

  

  

1s ALL FINISHED ITEMS IN A CONTROLLED STORE. 

De ALL: RECELP TS COVERED BY. "STORES RECEIPT NOTES". 

3. ALL ISSUES COVERED BY "STORES ISSUE NOTES". 

4. THESE BASIC DOCUMENTS USED TO MAINTAIN A 

IbBALANCE, OF STOCK GRECORD"! 

  

  

    
    
  

          
  

PART Part No: 
Bracket 7 Dt 

0Q 25 O.P = 10 

Date In Out Balance 

Oy, 25 3 22, 

22. - 1 2 

12D _ 2 19 

15s 2 ~ 4 1S 
LO; 2 - 1 14 

£802 - 5 9 Ff 

Se WHEN’ STOCK DROPS: BELOW "ORDERY ROINT". 

Ore ISSUE ORDER FOR NEW BATCH 

‘STOCK CONTROL ORDERING SYSTEM 

FIG. 5-13 (after Burbidge)



  Requires a large stock 
investment, as consumption (2) ee cis ae 

and unpredictable stock 
level. 

time must be bigger than 
lead time . 

  

stock pee ae aD | Reorder level 

    Buffer stock 
      

  

    
  

teed ie 
[Consumption ‘ . ee “ 

bine | Week No: 

Seige mrt never a | (a) Sanden Sedans tage 
P gives highly variable 

balanced product sets. If : 
i ; ; and unpredictable load design is changed many : 

on machine. 
parts must be scrapped. 

Part 

M/C 
HRS     

  

ime order a 

  

65 70) 2.065, 0 5 90 95 

Complete sets Week No: 

Costly with seasonal pro- Random order release does 
duction stocks are at a not permit family proces- 
maximum during the dead Sing. Parts in same fami- 
season when they are not lies are never all on 
needed. order together. 

g parts on order together 
@£ 100 

75 

  

  
eo 

2, : 

  | | 25 

         Wo 05 0 Shae D5 90 95 
_Weék Not   

DEFICIENCIES IN STOCK CONTROL ORDERING 

  
  

FIG.5-14 (after Burbidge)



  

NOV 1969 
  

  

  

          

  

  

    

      

  

  

  

  

  

  

  

          

  

     
  

  

  

          

  

    

  

  

PRODUCT Ory. 

L3 SHORT TERM PRODUCTION 
PROGRAMME EACH CYCLE A 10 

B 40 

C 5 

PRODUCT C | 

PRODUCT B | 
PRODUCT A 

Part No|Set | Qty. 
a "EXPLODE" TO FIND 

REQUIREMENT SCHEDULE 1 1 10 
FOR PARTS 2 1 10 

3 4 10 

4 1 10 

PART 

Prod: 10 

Spares 1 

x ADD SPARES ORDERS ate j 
AND SCRAP ALLOWANCES = 

TOTAL 12 

.. ORDER TO STANDARD SCHEDULE, REPEATED EACH CYCLE 

SALES JULY AUG SEPT ocr NOV DEC 

OCT > ORDER MAKE ASSY SALES 

NOV @ ORDER MAKE ASSY SALES <o 

DEC ORDER MAKE ASSY SALES 
                    

Programme meeting 

for Nov. sales 

Issue shop Moe te parts 
a Sales orders for Nov 

PERIOD BATCH. OR SINGLE CYCLE 3FLOW: CONTROL 

ORDERING SYSTEM 

- Fi0..0-15 (after Burbidge)



  

SAVING REASON 
  

  
10 

11 

12 

13 

14   

Reduced throughput times 

Reduced stock investment 

Reduced handling cost 

Reduced setting cost 

Increased capacity 

Reduced indirect labour 

Obsolescence eliminated 

Reduced material costs 

Reliable delivery by 
due-date 

Better quality 

Reduced tooling invest- 
ment 

Reduced machine investment 

Reduced building investment 

Reduced direct labour   

Machines close together, All 

under one foreman 

Short ordering cycle and 
short throughput times 

Machines close together 

Planned loading sequence 
and family processing 

Reduced setting time 

Simpler material flow 
system 

Parts ordered in balanced 
product sets to a short 
cycle 

Planned loading sequence for 
minimum cutting losses 

One foreman controls all 

processes 

One foreman controls all 

processes 

Planned loading encourages 
tool design for families 

Increased m/c capacity re- 
duces m/c investment per 
UnLG Of OuvpUut 

Less work in progress. 
Eliminates inter-process 
stores 

Tooling families permit use 
high quantity methods for 
small outputs 

  

ECONOMIC SAVINGS WITH GROUP TECHNOLOGY 

FIG. S=15 (after Burbidge) 

 



A 
A7892 

A7963 
A7961 

7963 
B7700 
C7889 
C7823 
C7893 

D7712 

(new design) 

D771) 
D7717 
D7719 
D7716 
D7853 

D7856 
D7858 
D7E64 

E7653 

E7656 

E7665 

E7669 
E7657 
E6590 (part) 

MADE OUT 

E7728 

E7729 
E7732 
E7733 
E773h 
E7735 
E7737 
E7738 

E7739 
E7741 
E772 
E7743 
E77hy 
E775 
E776 
E7747 
E7748 
E7750 
E7751 
E7752 
E7753 

  

MARCH PRODUCTION PROGRAMME. 

Stock 
Blaw Knox Ltd. 
Stock 
Stock 
Stock 
Stock 
British Leyland 
Acrow-Iran 
T.T.S. Norway 
(for Taiwan) 
British Leyland 

(Press. feed line)H. 
" 

't 

" 

" 

Kent Steels, 
Canada 

" " 

" uw 

Ges W 

E. 

Granges Aluminium 
Sweden E. 

W W 

w " 

" hy 

" " 

Morgan, U.S.A. 
(Enfield) H. 

Nordisk, Norway 

(Coating line) E. 
" 

8 upstrokers 
300/335-10-H 
Series 910 
250~10-H 
90Ton x 10ft. Mech. 
6. CRels 
Leveller 
Bending rolls 

5 roll plate leveller 

Twin mandrel uncoiler 

h roll flettener 
11 roll leveller 
Feed rolls 
Wash and brush unit 
Single mandrel uncoiler 

Slitter 
Recoiler 
One replacement slitter 
head 

Uncoiler 
Edge trimmer and feed 
pinch rolls 
Recoiler with automatic 
edge control. 
Belt wrapper 
Scrap baller 

Spare gears 

Coil car No. 1 
Coil car No. 2 
Carryover table 
Thread table 
Entry pinch roll 
Entry shear 
Bridle No. 1 
Entry accumulator 
No. 1 steering unit 
Passline roll 

. Rinse tank 

Support rolls - 3 off 
No. 2 steering unit 
Bridle No. 2 
Bypass roll 
Passline roll 
Steering uit 
No. 1 coater drive stand 
No. 1 coater platform 
Capacitance bracket 
No. 1 squeegee roll
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BRONX MANUFACTURING SYSTEM 
  

MONTHLY 
PRODUCTION 
PROGRAMME       

    
SALES 

DERE 

| 
Produces 

      

orks 
Orders 
  

  

  
    

DESIGN 
DEPT. 
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WORKS 
DEPT. 

Prod” ¥ 
Control Sub-contract_| BUYING 

Machining OFFICE 
epics vs 

Hires Prodn 
Planning    

     contractors 

Orders 

      out component 
      

  
Internal components 
  

External 
  

components         

  
ASSEMBLY ASSEMBLY ASSEMBLY 
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OPITZ 
    

  
  

  

  

  

      
  

  

  

  

      
  

  

  
  

  

  

  

  

    

CODE MODIFIED CODE 

COMPONENT OVERALL COMPONENT OVERALL 

' CLASS SHAPE GLASS SHAPE 

O RECTANGULAR O RECTANGULAR 

| [RECTANGULAR WITH | |W RECTANGULAR WITH 
i ONE DEVIATION.( RT. 4 || DEVIATIONS - RT. ANG., 

ANG. OR. TRIANGULAR). TRIANG. OR ANGULAR. 
Fey he 

RECTANGULAR WITH RECTANGULAR WITH 
Z| ancul ae ene 2 || DEVIATIONS -CIRCULAR 

< o.| OR PART CIRCULAR. 

3h. RECTANGULAR WITH 3 ANY PLANE SHAPE 

QO.) CIRCULAR DEVIATION. OTHER THAN 0 TO 2. 

ca PLANE COMPONENTS SUCH 
x ANY FLAT SHAPE 2 AS 0 TO 3 WITH SMALL 

OTHER THAN 0 TO 3. DEVS. DUE TO CASTING, 
WELDING OR FORMING. 

FLAT COMPONENTS, RECT., FLAT, BLOCK-LIKE COMPS. 
5 OR RT. ANGULAR WITH 5 COMPOUNDED OF PRISMS 

SMALL DEVS. DUE TO BY CASTING, WELDING, 
CASTING, WELDING, ETC. OR FORGING. 

LAL. G NENT : N FLAT, BOX-LIKE COMPS. F OMPONENTS FLAT COMPS. ROUND OR FLAT COMPONENTS UES Ae aie 

< 3,0 fae | fF ANY SHARE oe = eee. 4 Glay CASTING AND 
: CG ERAN. POSITION: 5; faa WELDING. 

FLAT COMPONENTS FLAT COMPONENTS 
7| REGULARLY ARCHED 7| REGULARLY — ARCHED 

OR DISHED. OR DISHED. 

FLAT COMPONENTS FLAT COMPONENTS 
8] IRREGULARLY ARCHED 8 IRREGULARLY ARCHED 

OR _— DISHED. OR _— DISHED. 

9 OTHERS 9 OTHERS                     
  

(a) (b) 
FIG. 7-3 :



  

  

  

  

  

Ps IN FAN IN Sb ee ONY I 

OP Z Se MODIFIED CODE 

COMPONENT OVERALL COMPONENT OVERALL 

CLASS SHAPE CLASS SHAPE 

RECTANGULAR 0 RECTANGULAR 

PRISM PRISM 
  

RECTANGULAR WITH 
DEVIATIONS, RHT. ANG. 
OR TRIANGULAR, 
  

COMPOUNDED OF 

RECTANGULAR PRISM, 
  
COMPONENTS WITH 
A MOUNTING OR 
LOCATING SURFACE 
& PRINCIPAL BORE.   
COMPTS. WITH MOUNT- 
ING OR LOCAT. SURF, 
PRINC. BORE WITH 
DIVIDING SURFACE. 
  

COMPONENTS OTHER 

THAN 0 TO 4 
  

  

  

CUBIC COMPONENTS 
Be. A 
Big 2! Come 
    (O
O 
v
O
e
n
|
 

S
a
 
e
h
.
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S
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n
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|
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e
 

ee
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B
O
X
-
L
I
K
E
 

C
O
M
P
O
N
E
N
T
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;
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K
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K
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E
 

C
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P
O
N
E
N
T
S
 

      
APPROXIMATE OR 
COMPOUNDED OF 
RECT’'ULAR PRISMS. SP

LI
T 

  

COMPONENTS 

OTHER THAN 6. NO
T 

  

APPROXIMATE OR 
COMPOUNDED OF 
RECT’ULAR PRISMS 
  

S
i
m
e
 

COMPONENTS 

OTHER THAN 8       
  

(a) 
FIG. 7-4 

  

  

CUBIC COMPONENTS 
RS A = =3,->= =< 
B C 4 

B
L
O
C
K
 

& 
B
L
O
C
K
-
L
I
K
E
 

C
O
M
P
O
N
E
N
T
S
 

  

RECTANGULAR WITH 
DEVIATIONS, RHT. ANG. 
OR TRIANGULAR. 
  

COMPOUNDED OG 

RECTANGULAR PRISMS. 
  
COMPONENTS WITH 
A__MOUNTING OR 
LOCATING SURFACE 
&/OR PRINC. BOREZS., 
  

COMPTS. WITH MOUNT- 
ING OR LOCAT. SURF. 
& PRINC. BORE/S WITH 
DIVIDING SURFACE.   

COMPONENTS OTHER 
THAN O70 4 
  

        BO
X 

& 
B
O
X
-
L
I
K
E
 

C
O
M
P
O
N
E
N
T
S
 APPROXIMATE OR 

COMPOUNDED OF 
RECT’ULAR PRISMS. 
  

COMPONENTS 

OTHER THAN 6. NO
MS
 
R
E
T
 

    APPROXIMATE OR 
COMPOUNDED OF 
RECT'ULAR PRISMS. 
  

S
e
a
t
 

COMPONENTS 

OTHER THAN 8   
    

(b) 
 



MODIFIED OPITZ SUPPLEMENTARY CODE. 

  

  

  

  

  

  

  

  

  

  

  

                            
  

1st DIGIT 2nd_DIGIT 3rd DIGIT 4th DIGIT 

DIAMETER ‘D’ LENGTH ‘L’ (ROTATIONAL) 
or or MATERIAL INITIAL FORM 

EDGE LENGTH ‘A’ EDGE LENGTH ‘C’ (NON-ROT.) 

mm’s ins. mm’s ins. 

0 <20 <0.8 <20 <0-8 - Cast iron Round Bar, black. 

1 >20 S50 > 0-8 $2.0. >20 S50 > 0-8 S2-0 S.G. Iron, Meehanite 1 Round Bar, bright drawn 

5 : : Bar - rectangular, square, Z| =50<100 | >2-0<40 | (2) =s0=100 — sao —g ae Mild Steel 2 Me ennl and cine. 

Medium/ High Carbon i >100 <160 | >4-0<S6-5 >100<160 | >40<6- Tub 
a ea “ 3 : ; An ee 3 and Low Alloy Steels e Sh 

2 and 3 Angle, U,T and 
< +5 S10: > 160 < 5 S10: cat 

4 = ees 7  e 4 me one ie oy 4 Heat treated 4 similar sections 

5) >250<s00 | >100<16-0| |5) >250<400| >100<16-0 | 5 ee ees 5 Sheet 
(Not heat treated) ; 

G| >400<600 | >160<25-0| |G} >400 <600 | >16-0 <250] 16 High’ Alloy” steels G Plate and Slabs 
0 (Heat treated) 

7| > 600 <1000| >25-0 < 40-0! |'7| >600 <1000) >25-0 <400 | |'7 Non-ferrous metal ‘7| Cast or Forged components 

8} > 1000 <2000} > 40-0 < 800] |@) > 1000 < 2000] > 400 <80-0| 18 Light Alloy 8 Welded Assembly 

Q}|  >2000 > 80-0 Q| +2000 > 80-0 9 Other Materials Q| = Pre-machined components 

FIG. 7-5 (after Thornley) 

 



tN DINYINA III Ie OMT LOIMOCINIAVING CUUUO 
  

  
T 

  

  

  

SIAMETE R'D' (ROT LENGTH 'L' (ROT. DIAM a (ROT) aoe C ) MATERIAL INITIAL FORM. 

EDGE LENGTH 'A'(NIN-R)|] EDGE LENGTH *C’(NON-R) a3 | = ’ 
MM's INS. M.M'S INS. { 

oa =e ROUND BAR, BLACK 
< 20 <oe |{Olieeee og JO} | CAST IRON O ‘ t ‘3D GD ia 

a 

  

ROUND 242, BRIGHT 

  

  

  

    

  

  

>20£ 50 |>0-8S2.0 || | | oe0S 50 (aCe o aaron eerie fit) bop. 

BA MILD STEEESELAME BAR “SECA NEIL AR | 
750 ¢1CQ | >Z084:0 || 2/350 100 | sae aa Me | coerce ex, ere. 

< 6 2 04160 | 34:0668 1131 MILD STEEL 2 TUBING. >10O0S 160 1 >4.086-5 | 15 | >lO0S leo | > 2 y 

2 i = MED/ HIGH CARBON CAST ANGLE, CHANNEL 1,7, 
60<25¢ S$ <10 O<250 |I>e : i a 

s 2 x “4 Hear se SMEET. RLATE 
>250£4C6|>10.0¢ 16-0] | 5 | >2508400 |>IC-G<'6-0 Le ha S OR SLAB 

gS. eae - : —_— 

eg = HEGH ALLOY “STEELS COMPONENTS FOR 
AO CCAS \ CGN aime tn GOO >I 6-0 25-6 . 2 

PAGISECG>1G-O£25 0} 1 | >4CC S$ 600] 16.0 25.0 (NCT HEAT TEEATEL) FacercaTeD assy 
  

  
  

HIGH ALLOY. STEELS. 
te 1 ed AL) er y, <f v 

>o0o S/0CO 25 ES CC CHEAT TREATED) OUTSIDE Co wTRACTED 
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>ICEO CO 
+r 

oe 50, PPAO-OS 20.0 8 Ae Ped b= Bee NON-FEEROUS METAL. BASTING 
Dey ORG LS, ee S2006 

een ae MOTERIALS FORGED Of Pol.cescnd/on} 
9. S2OCO >x*o.9 9 2560 > SC-O0 S PRE-MAC ei er) D 

(LIGHT ALLOYS PLASTIC ere} Bou EMT Gh IT “DMPONEA. 71S 

TVENOL, £51. KO PRuaT                           
  

FIG. 7-6 

 



BRONX ENGINEERING SUPPLEMENTARY CODE 
  

  

  

  

    

  

  

      
    
  

  

  

DIAMETER ‘D’ (ROT) LENGTH ‘L’ (ROT.) CO NTRACTED = OR. OR. MATERIAL INITIAL FORM WORK 
=-DGE LENGTH A (NON-R) EDGE LENGTH C (NON-R} 

on —_ mos ins ROUND BAR, BLACK. 
0 <=20 <0-8 0 <20 <0.8 0 CAST IRON O (UP TO 12” DIAM) 0 NIL 

S'G. = 4RON, ROUND BAR, MACHINING, | | =20 <50 |>0.8 <2-0 |} | | >20 <50 |>08 <20 |] 4 1 1 
MEEHANITE. BRIGHT DRAWN. Q|} FLAME CUTTING. 

= bE 
MILD STEEL, BAR- RECT., SQUARE, oO HEAT 

2 | >50 <100/>20 $40 ]| 2) >50 <100 |>2-.0 <40 2 2 | HEX., ETC. INCLUDING 2 pe 
FLAME CUT. BRIGHT DRAWN. = TREATMENT. 

O 
3) >100 <160)>4-0 <6-5 || 3 | >100 $160 | =4-:0 <6°5 3 MILD STEEL 3 TUBING 3 BALANCING 

MED/HIGH CARBON, ANGLE, CHANNEL, I,T, SPUR AND 
4 | >160 <250| >6-5 <10.0 || 4.) >160 <250)>65 <10-0]] 4} cast AND LOW iL EXTRUDED OR i Waeacoins 

ALLOY STEELS. SIMILAR SECTIONS, > 
on 

5 | +250 <400| >100<16.0 || 5 | =250<400| =100<160 3 AND 4 HEAT f SHEET, PLATE 5 =< SURFACE 
*< r, oe a TREATED. OR SLAB. fe TREATMENT 

‘< 
| COMPONENTS FOR >400< 600 | >16-:0 <25-0 >400 < 600| >16-:0<25:0 T 6 < = 6 0116) HIGH ALLOY STEELS 6 Be, assy 6 

a | FORGED, ROLLED | HIGH ALLOY STEELS , Ww >600<1000 >25-0<40-0 >600 <1000 |>25-0< 40-0 - pe 7 | 7 7| wear treareo, || 7]  ANDOR PRE- 11715 
~~ et Ssh ns SSS 

= | _F 5] METALLIC COMPTS.  |>1000 <2000|>40.0<80-0  |>1000=2000 |>40-0<80-0 8 Se 8 CASTING 8 S| DESIGNED BY 
METAL THE FIRM 

> 

BOUGHT- OUT “| NON-METALLIC Q} +2000 >80-0 Q| >2000 >80-0 Q)} OTHER MATERIALS 9 STANDARD Q |S) comPts. DESIGNED 
COMPONENT >| BY THE FIRM.                                   

EG 3/27 
 



    
     

PRODUCTION MACHINE TOOLS. 

BOTTOM WORKS. ~~ TOP__WORKS. 

  

      
    
   
   

  

   

  

   

  

      

  

   

     

  

   
   

  

1.5EF.WEBSTER AND BENNET VERT. BORER. 24.5G.NEWALL JIG BORER, 1.30B. PLANERS LARGE 

Z.\40AC; BUTLER SLOTFTER. 25.15AB. D.S.&G, CENTRE LATHE, PLANER. 

3.35A ARCHDALE VERTICAL MILLER. 26. 15A. D.S.&G. ROLL POL. LATHE. 2.S5A. CONTI FLOOR BORER. 

4.40AB,. ASQUITH RADIAL DRILL. 27, 250, BRONX ROLL GRINDER. 3.58. K.&8W, FLOOR BORER. 

5. SEF.WEBSTER & BENNET VERT, BORER, 28. 30D, BRONX ROLL GRINDER, PBR.4. 40A.K.& W. RADIAL DRILL. 

6.40C.SM7. PITCH CIRCLE DRILLER. 29. 35A. INDUMA VERTICAL MILL. 5. 40B.K.&W. RADIAL DRILL. 

LUSCG: DIS&G. CENTRE LATHE: 30, 35A. SOVIET VERTICAL MILL. 6, 5C.GIDDINGS & LEWIS 

8.15CG. D.S.&G6. CENTRE LATHE. 31, 30C, PLANERS PLANING MA. TABLE BORER, 

9,25C, NORTON SURFACE GRINDER, 32,30D.PLANERS PLANING M/C. 7. SC. G.& L.TABLE BORER. 

16.10C, FROMAG SLOTTER. 33, 30H. BUTLER SHAPER, 8.5C. SCHARMANN TABLE BORER, 

11. 20A. HERBERT NO.7 TURRET LATHE. 34.5C. UNION TABLE BORER, 9, SC. RUSSIAN TABLE BORER 

IZAISE. STANLEY CENTRE EATHE: 35.5C.UNION TABLE BORER, 10,40B.K&W. RADIAL DRILL. - 

13.25E. HEALD INTERNAL GRINDER. 36.15G. D.S.& G. CENTRE LATHE. 11.5A. COLLET AND ENGEL- 

14.20A. HERBERT NO.S TURRET LATHE. 37.15'D. TOS CENTRE LATHE. HARDT BORER. 

1S45CG. NILES CENTRE LATHE. S815 10S CENTRE FALE: 12. 4OA. ARCHDALE RADIAL DRILL. 

16.15CG. NILES CENTRE LATHE. 39.15G. D.S.& G. CENTRE LATHE. 13. 30A. PLANERS FUTURMILL 

17,15CG. NILES CENTRE LATHE. ZOASC: 10S. CENTRE GATHE, PLANER 

18. T, CLARKSON TOOL AND CUTTER. 41,5C. UNION TABLE -BORER. 14.35E.RUSSIAN VERT. MILL. 

12. T. HERBERT DRILL GRINDER, 42.20B.WARD NO.3A CAPSTAN. 15. 1SA. CRAVEN CENTRE LATHE 

20. T. ABWCOD GRINDER AND LAPPER. 43,20B. HERBERT NO.4 CAPSTAN. 16, 15A. RUSSIAN CENTRE LATHE. 

21.5B. KITCHEN & WADE BORER. 44.15F, TOS CENTRE LATHE. 17, 25B. NORTON CYL. GRIND. 

22. 40A8. TOS PILLAR DRILL. 45:15F. COLCHESTER LATHE: 18.25A. CHURCHILL CYL. GRIND. 

— 3 Croat 23. 30E,PLANERS PLANING MIC. 19.35D.KENDALL & GENT MILL. 
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Co DATA PROCESSING PROCEDURE 

BRONX ENGINEERING | ' COMPONENT DATA SHEET| 3 > |i 
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Dornonon ooo OCAoooCOLs OLE OLICS peURTIANLITeCULaLeOoNONtoToNen unos oouooc0008" a 
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CODE NO. | 04166764474 : MW caitinesnuentssnicisuitd i iiauhatsisareneudeasusansauzancrenins pliitataiiad 
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q 4 : 

09,38.05¢ 04162 84360 IVI SST S A O42 Sr. a DOUBLE HELICAL GEAR TEETH, 09 .38.05+/04166 53476 : 83/5736 F 024 
: 09 ,38,05¢104166 53404 : : BS 76756 € 024 

PPLEMENTARY CODE - 64474 : - 09,38,05¢]04166 43474 B3/5792 6 012 
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EXAMPLES OF DATA SHEET AND PUNCHED CARD LAYOUT 

  

  
  
  

  

  

  

  
  
          

  

Code 
number 
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0-0.8"] 0 

Opitz code Company code number 0.8-2"\ 4 
number of the assemblies a, 2 

pee eee used on [6-95°14] 
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Shape code Supplementary denoted by 1 16-24" 6 
/ code 24-40"| 7 

40 -80"| 8 
>80" 19 
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4 TWO COLUMNS FOR OPERATION NUMBER ON ROUTE SHEET 
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CON TOURED           
FIG. 7-10 (after Gallagher 

& Knight )



N
U
M
B
E
R
 

OF
 

C
O
M
P
O
N
E
N
T
S
 

P
E
R
 _ 

DI
GI

T 

180 

170 

150 

140 

130 

120 

110 

100 
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D 1 2 

| 
ROTATIONAL 

%.OF TOTAL——52-6 

COMPONENTS REQUIRING 
GEAR TEETH. 

FLAME CUT COMPONENTS 

‘| FABRICATED COMPONENTS 

CASTINGS 

ak eee ee ee 
| | | | 

ROTA W UGE DEY. PLAT. LONG CUBIC 

575 14-8 i 12:3 

BREAK DOWN OF SAMPLE INTO DIGITS AND CATEGORIES. 

FIG. 7-11



COMPONENTS SELECTED FOR TYPICAL TURNING CELLS = oe 
a5 5 8 

     

   

      
           

  

a eh ji | 

Zp 
: IZ 
ee 3 J 1113 s| ts 8 |- 
2 = & S Lo . ° | 3 . 

Li | 

1. DRIVE PLATE END CAP 2. END CAP 3. RETAINING PLATE. 4. END: CAP 5. END CAP 6. LABYRINTH. RING. | 
1 OFF, M.S., M/C -33 DAYS. 1 OFF,MS.,19 DAYS. 3 OFF,MS.,30 DAYS. . 1 OFF,MS.,19 DAYS. — 2 OFF,C.1., 24 DAYS. * 1 OFF,MS.,48 DAYS. 
CODE - 01002/ 20300. CODE - 01002741250. CODE -00102/30300. CODE - 01102741250, CODE - 04402/41080. CODE - 01802/51250. 

ate eer 
ae 

: o1— ae [eis 

3S} 
CENTRE DOWEL. 8. DOWEL PIN. SG. ouTPUT SHAFT 1G. BEAM ADJ: SHAFT. z 
2 OFF = DAY 8 OFF,MS.,1 DAY. 2 OFF, ENQ, 28 DAYS. 1 OFF. BDMS., 9 DAYS. 
CODE - 11000/12300. CODE - 15060712300 CODE - 24 230737400. CODE - 20030/15310. 

    
    

  

  

13; ANG. ADL SHAFT 
6 OFF, ENS, 13 DAYS. 
CODE - 25030/16400. 

  

11. PISTON HEAD NUT 

2 GFE MS. 16 DAYS. 

CODE - 11230731300. 
12. COLUMN BUSH 

4 OR, Clot0 DAYS, 

CODE - 176C05/56080. 

  

L 983 15 
/ INPUt SHAE T - 

1 OFF, MS., 22 DAYS. 
CODE —- 75037727300. 

“16. OUTPUT SHAE. 
6 OFF, EN8, 53 DAYS. 
ODE - 24030736400. 

  

FIG. 7-12  
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COMPONENTS SELECTED FOR TYPICAL TURNING CELLS’ 

Component Mc operations reqd. Cell 

DRIVE END PLATE TURRET LATHE, MARKOUT, DRILL ] 

END CAP MED .CENTRE LATHE, PITCH CIRCLE DRILL 2 

RETAINING PLATE TURRET LATHE, MARKOUT, DRILL ] 

END CAP MED. CENTRE LATHE, PITCH CIRCLE DRILL 2 

END CAP MED. CENTRE LATHE, PITCH CIRCLE DRILL 2 

LABYRINTH RING MED. CENTRE LATHE, PITCH CIRCLE DRILL 2 

CENTRE DOWEL CAPSTAN ] 

DOWEL PIN CAPSTAN ] 

OUTPUT SHAFT = =~ MED. CENTRE LATHE, GRIND, V.MILL ? 

BEAM ADJ .SHAFT CAPSTAN, V.MILL ] 

PISTON HEAD NUT = MED. CENTRE LATHE, MARKOUT, V.MILL 2 

COLUMN BUSH MED. CENTRE LATHE, MARKOUT; DRILL 2. 

ANG.ADJ.SHAFT = MED. CENTRE LATHE, V.MILL 2 

OUTPUT SHAFT MED, CENTRE LATHE, GRIND, V.MILL 2 

INPUT SHAFT MED. CENTRE LATHE, GRIND, V.MILL 2 

PEG: 7:-13
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BRONX MANUFACTURING FLOW CHART 
er LER GROUP FECHNOLOGY—— 
  

  
MONTHLY PRODUCTION PROGRAMME 

Leveller - Uncoiler - Plate Leveller - Recoiler- Scrap Baller- Etc. 
  

  

  

  

' 
PRODUCT EXPLOSION 

Components required for the above machines. 
  

  

  
CLASSIFICATION BY GEOMETRIC AND SUPPLEMENTARY CODE 
  

Rotational 
components       

Rotational 

deviation comp’‘nts. 

with 

    
Flat, long and 
cubic components.     
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ON 

Y Y 
POOR NON NeG 
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COMPONENT GROUPING BY MANUFACTURING OPERATIONS. 
  

          

Smcil: and 

        

  

        

ate Medium turned medium, surf-| Large surface 

ampanekicl|sicesmeeadatise | eeemeuainedi |. el hes components. components. components. components. 

Bor Wa US toe Og Con. 1 oR Oe 

  

CELL NO! CELL NO® CELL. NO.3 CELL* NO. 4 

Capstan lathes} |3 Med. centre lathe 

Turret lathe. 1 Cyl. grinder 

Miller, 

Pillar drill 

Markout table   —-
 

os
 

BD 

    
1 Vert. miller 

1 Pitch circle drill 

    1 Markout table       

  

  
COMPLETED COMPONENTS SCHEDULED THROUGH CELLS 

TO: STORES FUR: ASSEMBLY 7AS REQUIRED.     

Pra 7813 

  

  

  

  

 



  

    
  

  

  

    
  

  
  

      

  

    
  

  
  

  
of Earnings Pool after 

basic wage is deducted. 

Calculated monthly and 

shared by negotiated 

agreement.   
  

FIG. 7-16 

  

    
  

  
  

      

MATERIALS = ADDED VALUE - SALES 

Consists of 

OVERHEADS EARNINGS POOL PROFIT 

Consists of Consists of Consists of 

1. Salaries. 1. BASIC WAGES. 1. Taxation 

2. Rent. Determined by:- 2. Dividends. 

3. Rates. (a) New hourly rates. 3. Plant 

4. Depreciation. (b) Overtime premiums. Investment. 
5. Advertising. (c) Long service payments. etc. 

2 aes 2. PRODUCTIVITY BONUS. 
ooo Consists of remainder
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Hawker Siddeley Aviation 

1970 

HISTORICAL DEVELOPMENT OF HAWKER SIDDELEY AVIATION LTD. 
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MANCHESTER. HAWKER SIDDELEY AVIATION MANAGEMENT STRUCTURE AT MIDDLETON,   
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OUTEINE OF 

  

     

STRINGER 

NOTES :- 

1. DIMS. IN MM. 

2. SURFACE FINISH - SF au OVER 

AND BLAST. 

3 19 OPERATIONS REQD. 

4. 

SOLUTION TREATED. 

  

  
    

MATL, :- ALUMINIUM ALLOY EXTRUSION, 

_OPITZ CODE 

PSU 7h | 928-4 | 
  

  

Sa
t 

  

  

  

r
e
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de
ll
 

A
.
 

  

    

  

  
      
  

    

  
<lF 

DETAIL A 

DE: TAILS. .0F 

          pe 
  

  

  
    

mE VLEET ID DME EIA yy 
SLE eer x, 

12 7°83 

64 t-025 

SECTION 

BLE as 

STRINGER 

  
LAYOUT OF STRINGER WITHIN 

ALUMINIUM EXTRUSION. 

ee 
i ee... GRAIN 
i) REFERENCE 
4 

MACHINE STRINGER FROM MATL. 

INSIDE THIS PROFILE. NO COARSE 
225 2.025 alec| as GRAIN ALLOWED IN MACHINED 

STRINGER.   
        
 



O‘ALL LENGTH 28-125" ON 

    
OPITZ. CODE 

75074-7284 

  

  
  

    
PART SECTIONAL ELEVATION uke Eruues SECTION AA 

BAR SIZE - 4:25'x &. 

MATERIAL :- ALUMINIUM ALLOY. 
4.30 

SCALE :- FULLSIZE. 

    

  

  

  

    
: LAYOUT OF STIFFENER WITHIN 

PART PLAN INITIAL EXTRUDED SECTION, 

SKIN STABILISER BETWEEN RIBS. FIG. 8-5 
FIG.



OPITZ. CODE 

66174 - 4137 
  

    
  

Pr | 
ke 

END ELEVATION SECTION AA ELEVATION 

  

  

      

  

\ NOTES :- 1. A HIGH DEGREE OF FINISH 
\ REQUIRED ALL OVER. 

  

        

   
  

  

  

              

\ 2. MAGNETIC CRACK TEST : 
REQUIRED. es BB 

3. MACHINE FROM BAR OR 
FORGING. 

_ REMOVE ALL SHARP EDGES 
AND BURRS. 

7 GRAIN FLOW DIRECT 
ee Sa ot i T T T 

sl ee ee 
a. OB. e 4 

~ By es 
q : yy T 

oe ee ee ae 
\ Se 

VIEW ON ARROW B MATERIAL:- HIGH TENSILE STEEL. 

PLAN 

END FITTING (FRONT STRAKE) 
FIG.8-6



HAWKER SIDDELEY AVIATION 
COMPONENT MANUFACTURING PROCEDURES 

AND DEPARTMENTS INVOLVED 

  

SALES/ CONTRACTS / 
ESTIMATING       

PROGRAMME 
PLANNING     

    

  

   

    

DESIGN | 

      

    

  

PRODUCTION ENGINEERING   

JIG8 TOOL DESIGN CHANGE CONTROL 

    

  

              

  

  

  

  

          

  

  

  
  

  

  

  

  

  

    

  

  

  
  

        

  

  

    

  
  

        

  

      

  
                

  

  

  

      

  

        

TOOL PROCESS "DETAIL PROCESS PLANNING 

TOOL COST CONTROL ASSEMBLY PROCESS PLANNING 
; SCHEDULES 

INDUSTRIAL 
ENGINEERING ° 

TOOL Lo PRODUCTION. CONTROL SPARES 
MANUFACTURE J CONTROL 

TOOL CONTROL JOB CARDS MATERIAL CONTROL 

aa TOOL PROGRESS LOAD CONTROL TRO E 
"LF T& SUB-CON. CONTROL - 

INSPECTION Cia 

“OO : SUPPLIES 
STORES DRAWING STEEL - 

6. 1 STORES STORES 

GENERAL STD. 
INDUSTRIAL PARTS STORES 

Ve | ENGINEERING 

TIME COMPONENT . 
~ | BALANCE MAN UFAC TURE PROGRESS 

INSPECTION 

TREATMENT 

K. M. STORE     
FIG.G-7 

 



HAWKER SIDDELEY GEOMETRICAL CODE 
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Class Elements Elements Machining 

0 £| Leos 0 . Smooih,no shape 0 Nierie ae 0! oe 
aco elernents 

oe 

5 L no shape i z Net oT 05—— =< U shap 5 no shape Bedccs ailicre © : 
1 = D 1 S elements 1} 6 e elements External plane surface 1 a hei related 

. Ema) i Se 4 sla : | As : aes £ | noel Site al ols with 9|£2 with externa groove 2 a relcted Zz 5 D 2 C screwthread i screwthread and/or dot 5 
— POE . rs ° : p— 5 : & Yn with Q Cy with a a od = ‘ct : 3/ele functional 3, Es functional oe 3) 2 ‘Sates wre groove We groove surface = | Radial ae 

Focal 
Seat AD 
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LIST OF PRODUCTS MANUFACTURED BY THE BRONX ENGINEERING 
COMPANY LIMITED. 

PRESS DIVISION 

Hydraulic and Mechanical Press Brakes . Hydraulic and 
Mechanical Presses, Section Punching Presses . Portal 

Presses . Tensile Testing Machines. 

BAR AND TUBE DIVISION 
  

Tube Straightening Machines - Bar Straightening and 
Polishing Machines, Wire Straightening and Polishing 
Machines . Bar and Tube Cut-to-length Lines . Bar and 
Tube Handling Equipment . Section Straightening Machines. 

COIL PROCESSING DIVISICN 
  

Cut~to-length Lines of Flying Die, Rocking Shear or 
stationery Up-Cut Shear Design Slitting Lines . Precision 
Levelling Machines of ) and 6 high design. 

ROLLS AND LEVELLER DIVISION 
  

Plate Bending Rolls . Plate and Strip Levellers . Process 
Levellers . Edge Bending Presses . Guillotines . Hydraulic 
Stretching Machines for Sheets or Profiles . Spade and 
Hoe Mills . Forging Rolls. 

BRONX PROCESS ENGINEERING LIMITED 

Continuous Coil Coating Lines for paints, lacquers, 
laminates, etc. . Hot Dip Metal Coating Lines . Cont- 
inuovs Heat Treatment Lines for normalising, annealing, 
hardening, etc. . Continuous Surface Grinding and 
Surface Polishing Plant . Continuous Process Tension 
Levelling of steel, stainless steel, aluminium and 
other non-ferrous materials . Pickling . Washing . 
Degreasing, etc. 

PRESS BRAKE EQUIPMENT (FELBRIDGE) LIMITED 
  

Press Guards . Guillotine Shears . Machine Tools. 

ILLUSTRATIONS OF PRODUCTS MANUFACTURED BY THE BRONX 

ENGINEERING COMPANY LIMITED. 
(refer to enclosed booklet) 

FIG. 1 - SLITTING LINE for 15 ton coils, capacity 
1500 mm x 3mm. 

FIG. 2 — FLYING SHEAR LINE, capacity 1800mm x 3mm with 
up cut flying shear. 

FIG. 3 - HUMP TYPE CUT UP LINE, with hand stacking 
position, capacity 1500mm x 3mm.



FIG. 

FIG. 

FIG. 

FIG. 

FIG. 

FIG. 

FIG. 

FIG. 

FIG. 

FIG. 

FIG. 

FIG. 

FIG. 

FIG. 

FIG. 

10 - 

ll - 

12 - 

13 - 

15 - 

16 - 

17 - 

18 = 

SLITTING LINE for 15 ton coils up to 1500mm x 3mm, 
has double-mandrel uncoiler and four-rol]l flattener. 

FLYING SHEAR CUT UP LINE with up cut shear, capacity 
1800mm x 3mm. 

GRIP FEED CUT UP LINE, including edge trimming, 
capacity 1060mm x 1.6mm. 

HUMP TYPE CUT UP LINE with 15 ton capacity, floor- 
mounted coil car for coils up to 1500mm x 3m, 
Seventeen roll precision leveller has powered 
adjustments. 

SLITTING LINE for 15ton coils up to 1830mm x 3m, 
has double-mandrel uncoiler and accentric-arbor 
interchangeable head slitter. 

HUMP TYPE CUT UP LINE with edge trimming, capacity 
1500mm xX Ze 75mm, 

SLITTING LINE for 15 ton coils up to 1200mm x 3m. 
Slit coils are transferred by coil to twin-arm capstan 
which feeds semi-automatic coil strapping station. 

SEMI-AUTOMATIC COIL STROPPING STATION, receives slit 
coils from twin-arm capstan with hydraulic push-off. 
Strapped coils are discharged to selected storage 
points at the rate of one per minute. 

HUMP TYPE CUT UP LINE, capacity 1&00mm x 3mm with 
hod-type semi-automatic stacker. 

HEAVY DUTY STEELWORKS SLITTING LINE, for stainless 
steel coils up to 120mm x 5mm with 27 tonne 
capacity, double-mandrel wncoiler and 15 tonne 
capacity recoiler. 

FLYING SHEAR LINE, capacity 1800mm x 3mm, and 
SLITTING LINE, capacity 1800mm x 3mm, installed in 
works of British steel stockholder. 

FLYING SHEAR LINE, capacity 1800mm x 3mm with up 
cut flying shear, 

HEAVY DUTY STOP={START CUT UP LINE has capacity for 
20 ton coils, 2000mm x 13m. Eleven-roll precision 
leveller has fully motorised adjustments. "Bomb- 
door" stacker provides automatic stacking of plates 
up to 5m leng, Plates up to 8m long can be 

individually processed, 

HUMP TYPE CUT UP LINE for stainless steel with 
23-roll, 6 high leveller, capacity 1500mm x 2mm, 

FLYING SHEAR LINE for stainless steel incorporating 
automatic paper interleaving and stacking and auto- 
matic sheet classification into grade 1, grade 2 
and scrap. Capacity for strip up to 3mm thick,



FIG. 19 = FLYING SHEAR AND LEVELIER from line shown in FIG. 18, 
Leveller is of 17-roll 6 high type and has powered 
adjustments, 

FIG. 20 - SLITTING LINE for aluminium with twin recoilers. 
Capacity 1066mm x 1m, 

FIG. 21 - CUT UP LINE, capacity 2000mm x 12.75m. 

FIG. 22 - FLYING SHEAR CUT UP LINE for 20 ton coils up to 
1500mm x 3.66mm, has 17-roll precision leveller with 
all adjustments powered, flying die up-cut shear 
and scrap ejector. 

FIG. 23 - AIR FLOTATION-TYPE STACKER in flying shear cut up 
& 2; line, ensures scratch-free stacking of lengths up 

to 3.6m. Slat conveyor system provides storage for 
stock before weighing and strapping.
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COMPONENT ROUTE DIAGRAMS BEFORE GROUP TECHNOLOGY AT THE 

BRONX ENGINEERING CO., LTD.
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COMPONENT PROCESS SHEET. 

TABLES SUMMARISING COMPONENT PROCESS SHEETS FOR 

SELECTED COMPONENTS. 

DEPARTMENTAL AND MACHINE CODES.



801/1/FS/608 PROCESS LAYOUT 
  

      

          

        
  

              

  

                

  

  
  

DESCRIPTION PART ISSUE NO 
"END FITTING No: : 

(FRONT STRAKE) 6-))B-FS-3111 

DRG. ISSUE Nd STAGE 
NO. 6-))B-FS-3111 NO. FS 1 

MATL. SPEC. -MATL, CODE 1o0FF] b [| tHIckNess |-DiAs size WIDTH LENGTH 
SIZE 

S97 

DESCRIPTION MATL, TEST MAKES | WIDTH LENGTH 
Hees. GEASS a ALLCE. M 

FORGING 6-l-FS-8027 

USED EST. QTY.| COMPLETE / INCOMPLETE | TYPE |BATCH |PRODIcYCLE] PRIOR ON PER A/C TO DWG.loF part] CAT. | CAT. |TIME 

SPARES/ PRODUCTION ONLY 
ISS NO. OF TIME ALLOWED 

op | pePT| M/C OPERATION OPS. TOOLS/GAUGES SET RUN 
ACT LJHRS MIN| HRS MIN |pER 

D1 {535 |000| Issue forgings 
6-h-FS-8027. B 

05 |O10 | 752] Mark out for length and 
  

  

  

  

  

  

rectangular faces. A 

LO jO10 | 261} Mill to length +.050" A 

Mill rectangular faces to * 
15 (O10 | 261 | 1,8" x 1,7" dims leave 

plus .010" for grinding. 

PO {O10 |261 | Mill four chamfers 4 

PS 1010 1117 | Grind two faces to 1.70" A 
dim 

BO |O10 |261 | Mill each side of eye end h1/T1-2 on 
to 1.12)" dim, and at 11° _|6-heFS: 802728 |4A 
h1' to the sides (Leave 
plus 010" for grinding 
Mill each side of lug to 1/1-2 and 

  

  

  

  

  

  

  

  

5 020 |261 | limits 99/T3-h on |* 
6-ly~FS~8027-8 

Face bore to depth, c/bore {h3/T5 on 
ho 010 |378 and chamfer . bun) pan FPS e802 Foe A 

TL.14109. 

Grind two faces to 1.796" |h6/T6 on 
WS (010 [127 | /1.798)" dim. 6-)-FS-8027~8 |4A 

Grind each side of eye end (|TST-2 on 
$0 010 |117 | to pre-plating limits. 6nl-FS-8027-8 | 4 
  

Bore limit dia. hole in eye |h/T7 on 
$5 010 {201 | end -.010" for finish bore |6l!-FS-8027-8 |A 

ISS | DATE _|INTLS}AUTHORITY |FACTORY 227 SHT.NO. 1 oF 2 SHTS. 
                  

  

  
6. | 1h. 3e69.GM.| Re-typel. ALTERATION AND APPLICABILITY DEPTS. AFFECTED 01" plc 
  

  

  

  

  

            
           



  

    
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

                    

  

  
  

: PART 
PROCESS LAYOUT CONTINUATION SHEET NO. 6-)B-FS-3111 

fis TIME ALLOWED 
or |pErPT| M/C OPERATION TOOLS / GAUGES Ser RUN 

ror Lt THRS «oMIN|HRS MIN 
Profile .25" rad. on 13T8-9 and 

BO |010 | 266 eye end. 99/T1 on A 
6-l-FS—8027-8 

Drill and ream 3/8" dia. 34,/T11-12 on 
fs CO aaa hole in lug.Ref. C.6 6-l-FS-8027-8 | “ 

Profile mill lug and 1. /T8-9 and 
fO O10 | 266 | 3 ona 99/3, 10_on A 

6=))-FS-8027=8 

75 (010 | 261 | Blend mill lug face to T1+2—3=-3-)) on ‘sy 
1.25" rad. (Note 1/8" 6=)1~FS-8027-8 

corner rad) Ref. Grid ES, 
and E13. 

File .06" rad on each side 
BO P10 | 000 of eye end file .06" rad . 

on each side of lug and 
file and blend radii on 
all corners on neck and 

shank. 

Finish grind hole inveye hh /TL on 
85 N10 {113 | end to limits. ‘16=l-FS—8027-8 | A 

va Inspect. Note other holes 
90 P97 |Coo drilled on assembly, 2 

Record batch No. 

9? Pll |906 | Stress Relieve 
hd B 

Vacua Blast 
400.p12 |16h, Mask holes. B 

105 P10 |938 | Cadmium to limits B 

10 P11 400 — De-embrittle. B 

W15 997 |000 | Inspect A 

120 997 [000 | Crack detect. . 

125 210 |97) | Clean off fluid B 

430, 200 OOO | Finish paint silver TT.16 B 

435 997 (000 | Re~Ident and itemise. poy anh PROD B 

iss | DATE |INTLSIAUTHORITY | FACTORY SHT NO 2 oF SHT 
ALTERATION AND APPLICABILITY DEPTS AFFECTED 0 plo} c 

6, |Uh. 3.69) CM Re-type. 
  

  

  

  

                       



TABLE lel 

  

  

  

  

MANUFACTURS OF SPARS AND BOOMS 

oO 

= 
<2 4 wos Title Qe Department - Machine Sequence os 

Dwe No. Ro Sequence - per aa & 
Codé No.. Ae per Operation a Operation ao 

Rear Spar 10 5355230,010,010,020 | 12 | 000,000,021,021,000 0 
Ribs 9 - 29 019,997,212, 212,21) 000,000,97),934,18) 
A571~-,0876 212,200 93,000 
7507/9286 

Rear Spar 1 535,019,010,010,010 | 13 | 000,000,037,037,037 1 
Ribs 1. 9 211,010,019,997,212 906 ,037,000,000,93 
A571~-),0885 21,212,200 18), 93),000 
75071,/9387 

Front Spar 10 5355230,010,010,020 | 12 | 000,000,039,039,000 0 
Ribs 9 - 29 019,997,212, 212,21) 000,000, 97!:,93h,18) 
A571-),0800 & 212,200 93,000 
A571-.0875 
7507/9286 

Upper Boom 12 5354010,010,010,010 | 30 | 000,255,255,255,255 3 
Centre Spar 010,010,010,010,010 25 9255 9255 5255,255 
Rinse 7-7 010 ,010,010,010,010 255 5255 4255, 2555800 
A571-1,0889 010,010,010,010,019 260,260, 260,260,000 
7507 /928), 010, 211,010,010,019 542,000, 800, 261,000 

997,212, 21), 212,200 000,934,184, 93),000 

Top Boom Rib | 17 535,010,211,010,997 | 17 | 43h,256,906,501,000 3 
3 Centre 010,997,010,211,997 256,000, 501,000,000 
6-0-2756 212,997,019, 214,212 93,000,000,18) 934 
7807 3/9184 200,997 77h 000 

(Details of Milling Ops. not included - 010) 

Rear Spar ly 435,010,)00,211,400 | 14 | 434,25), 750,900, 750 1 
Boom Top 4,00 ,010,1,00, 210,100 750, 752, 750, 93h, 750 
6M)y-~WC-137/8 019,212,210, 1,00 000,184,934, 750 
75070/928) 

(This Dwg. dated 11.4.62 - Machining Dps.not incl.-) 

Bottom Boom 17 435,010,010,010,010 | hl | h3h,256,256,256,256 3 
Rib 3 Centre 
6My=WC-12863 7, 
78073/928h     010 ,010,010,010,010 

010,010,010,010,010 
010,010,010,010,010 
211,010,!:00,010,010 
010,010 ,010,010,010 
400,010, 211,!,00, 212 
400,019, 21,212,200 
00   256,256, 256,256,256 

2565256, 255,256, 256 
2565256, 256,256, 256 
900,501,000, 256, 256 
256,256, 256,256,256 
000,501, 900,000,934, 
000,000,218) , 931,000   000   

  
 



TABLE 1,2 
  

  

  

          

$ 
3 “i BP 

Title ae Department © || Machine Sequence eae 
Dwg. No. A Sequence a per 3 3 = 
Code No, Aa per Operation AO Operation 2S a 

Rear Spar 7 |435,211,010,010,010 , 9 | 000,906,021,021,021 | 0 
1 to 9 019,00, 212,200 000,000, 93,000 
A571-hOOly 
7507/9387 

Rib 23 (Port) 9 |535,010,010,010,010 13 | 432,2h5,252,017,057 | 3 
AD 71-1:0932 019,091.020, 997,212 000 ,000,000,000, 93k 
7507/8186 21,212,200 18), 93,000 

Half-Rib 8 |535,010,010,010,010 18 | 000, 800,436,254,251 | 5 
A5 71-0837 010,010,010,010,010 057,021,021, 261,261 
6607,/7286 | 010,010,019, 997,212 261, 261,000,000, 93) 

21), 212,200 18), 93l,000 

Main Gear 6 |35,010,010,010,010 25 | 000,000,261,261,251 | 9 
Jack Pick-up 010,010,010 ,010,010 251, 232, 205,263,263 
AS 72-1:0397 010,010,010 ,010,010 263,261, 263,263,263 
834,73/6).87 010,010,010,010,010 263,261, 261,251,205 

019,100,1,00, 212,200 000,000,000, 957,000 

Riblet, Aft. 7 |535,010,010,010,010 13 | 000,800,36,262,251 | 5 
A572-2055 010,010,010,019,997 057,021, 228,000,000 
66071, /5186 21,212,200 18), 593,000 

Strap, Rib 9 22 | 535,010,997,010,997 h2 000,295 ,000,256,000 | 9 
A571-),0986 010,010,010,010,010 295 9295 9295 52955295 
75073/9186 010,010,010,010,020 295 9295 5295, 800,000 

019,997,211, 090,090 000,000, 906,576,000 
010,010,010 ,010,010 800 41136, 236,295 5039 
010,019,010,019,010 039,000, 295,000,262 
010,010,010,010,010 262,262, 262,262,262 
010,019, 997,212, 21h 262 ,000,000,934, 18h 
212,200 93), ,000 

End Fitting 11 |535,010,010,010,010 28 | 000,752,261,261,261 | 10 
(Front Strake) 01.0,010,010,010,010 117,261,261, 378,117 

‘| G-)BeFS-3111 010,010,010,010,010 117,201, 266,232, 266 
6617/4227 010,010,010,997,211 261 ,000,113,000,906 

212,210,211,997,997 18),,938,1,00,000,000 
210,200,997 974,000,000 

Boom Centre 8 |535,010,010,010,010 23 | 000,255,256,256,256| 
Spar 010,010,010,010,010 256,256,256, 256,295 
A571-1,0890/200 010,010,010,010,010 800,436,261, 261,261 
/201 010,020,019, 9975997 261,000,000 ,000,000 

21),,212, 200 18), 93,000 
   



- TABLE 1,3 

  

  

  

<. 

3 ‘s ae: Title 3s Department 3 || Machine Sequence | ° &-d 
Dwg. No. A 2 Sequence . 2 per 33 = 
Code No. a> per Operation 2 & Operation moO om 

Skin Stab- 9 | 435,010,010,010,010 23 =| 000, 261, 800, 252,263 3 
iliser Rib 7-9 010,010,010,010,010 263,263,263, 263, 263 
A571-1,0207 010,010,010,010,010 2599259 5259,259,259 
75071/7282 010,019,100, 21,212 259,000,000,18) ,93) 

00,212,200 000, 93),,000 

Skin Stabiliser 9 | 35,010,010,010,010 17 =| 000,261, 261,037,037 2 
Rib7-9 Bttm. 010,010,010,010,010 037,037,258, 258, 258 
Skin 019,00, 21h, 212,100 000,000,185 ,938,000 
A571-1,0207 212,200 938,000 
75071/7282 

Pylon 0/B 2 | 435,010,010,010,010 11 =| 000,000,261, 261, 205 3 
Outer 010,010,010,010,010 2635263, 263,261,261. 
A571-0212 O10 261 
6617),/6387 

Pylon 0/B 2 | 435,010,010,010,010 12 | 000,000,261, 261,205 2 
Inner - 010,010 ,010,010,010 263,263,261, 261,261 
A5 71-0211 010,010 261,261 
75073/6387 

Stiffener 8 | 535,010,010,010,010 15 | 000,800,36,261,261 2 
A5 71-0981 010,010,010,010,080 261,261, 261,266,000 
75071/7282 997,212,21), 212,200 000, 934,18), 93,000 

Spar Fitting 8 | 535,010,010,010,010 21 =| 000,800,436, 262,262 6 
Rib 8 Jacking 010,010 ,010,010,010 250,021,021,021,262 
Point 010,010,010,010,010 250,250,250, 800, 232 
A572-1,0867 019,997,212, 21,212 000,000, 934,18),934 
8507),/5382 200 000 

Pylon Sealing | 10 | 435,000,010,010,010 25 | 000,080,438, 262, 250 4 
Angles.on 010,010,010,010,010 232,021,021,021,021 
Centre Spar 010,010,010,010,010 021,021,021,021,021 
A571-,0779 010,010,010,019,100 021,021,021,000,000 
76074,/7282 212,1,00,21), 212,200 93), ,000,18, 934,000 

Stringers 11 9 | 535,010,010,010,010 1, 000 , 251,236,039, 295 h 
To 16 STBD & 010 ,010,020,019,997 261, 261,000,000 ,000 
Port - 262" to 212,214,212, 200 934518), 93,000 
ery" 
A571-l0936 

Stringers 14A | 9 | 535,010,010,010,010 12 = | 000, 254, 236,039,261 3 
to 17A STBD & 020,019, 997,212 ,21) 000,000 ,000, 93}: 184 
Port - 309" to 212,200 93), ,000 
318 " 

A571-)0936 

7507 /928h           
  

 



  

TABLE 1.4 

  

  

          

oO 

Fs 
2 41 Gia 

Title 38 Department 8 ,| Machine Sequence © Sc 
Dwg. No. A. Sequence Zn per 38 a 
Code No. AS per Operation 2 & Operation ZaowH 

Stringers 11&| 11 | 535,010,010,010,010 16 = | 000,25 ,236,039,236 6 
8 Stbd.& Port 010,010,020,019,997 295 ,261 ,000,000,000 
268.5" BIM1/B 010,997,212 ,21),,212 542,000, 934,18 ,934 
A571-),0802 200 000 
75074/928) 

Stringer 9 12 | 535,010,010,010,010 19 =| 000,000,432, 236,039 6 
Stbd.& Port 010,010,010,010,020 236,295 5295, 295,000 
Top 1/B,27).5" 010,019,010, 997,212 201,000,542 ,000,93), 
4571-10790 211, 21),212,200 000,18) , 93); ,000 
7507/9284 

Stringers 10%] 11 | 535,010,010,010,010 |. 19 | 000,25),132,236,000 6 
11 Stba.&Port 010,010,010 ,010,010 236,295 5,295,295, 261 
Top 1/B 27.5" 020,019,010, 997,212 000,000,542,000,934 
A5 71-0793 211, 21),212,200 000,18) ,931:,000 
7507L,/928h, 

Stringer 19 13 | 435,010,010,010,010 20 =| 000,254,236,039,039 6 
Stbd. Btm/1/8d. 010,010,010 ,010,020 039,039,236, 261,000 
Panel No.2 019,010,!,00,010,),00 000, 261,000,542 ,000 
AS 71-0235 212,1,00, 21,212, 200 93), ,000,18h ,93l, 000 
7507)/928), 

Stringer 2 1 | 435,010,010,010,010 22 =| 000,25, ,1.32,236,039 6 
Port Top 1/Bd. 010,010,010,010,010 039,039,039,236,261 
Panel No.1 020,019,010,00,010 000,000, 261,000,542 
A571-)0223 00,212,400, 210,21) 000, 93l,000,000,18) 
75074 /928), 

Bottom 9 | 535,010,010,010,010 22 000 5254,250,057,021 6 
Fitting 020,010,010,010,010 000, 800,136,021, 800 
A571-),0381 010,07.0,010,010,010 260,260, 260, 260, 260 
7507/6387 010,019,997,212,21) 260,000,000, 93,18) 

212,200 93h ,000 

‘| Joint Plate 7 | 435,010,010,010,010 18 | 000,000,)36,262,232 h 
(Rib 27) 010 ,010,010,010,010 000 51136, 295 4295295 
A571-),0509 010,010,019,0,0,)00 295, 295,000,555 ,000 
6073/7085 4,00, 212,200 000, 93l,000 

Joint 8 | 535535,010,010,010 22 =| 000,36, 262,250,232 7 
Fitting 010,010,010,010,010 263,263,263, 260,263 
A5 71-0826 010,010,010 ,010,010 263,263,258, 258,258 
7607/5382 010 ,010,019,997, 214 258,232 ,000,000,182 

212,200 93}, ,000 
  

 



TABLE 2.1 

DEPARTMENT. 

010 

010 

010 

010 

010 

010 

010 

010 

010 

O10 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

O10 

010 

010 

010 

DEPARTMENT MACHINE CODE. 
  

MACHINE. TYPE. 

O11 M&C MILL N C VERT MK LB 

021 M&C MILL FERRANTI .C MAR 

032 M&C MILL NC HOR B&B 3120 

037 M&C MILL NC MARWIN )5D 

038 M&C MILL NC HS MARW6SMTT 

039 M&C MILL NC MARW65M) 

057 M&C NCTD (1 IN)OX20GE 120 

088 M&C BATCHMATIC LATHE 

100 M&C TOOL & CUTTER GRIND 

110 M&C PLAIN CYLIND GRIND 

111 M&C CENTRELESS GRIND 

112 M&C INT GRIND UP TO 10 IN 

113 M&C INT GRIND OVER 10 IN 

115 M&C UNIV GRIND 

117 M&C SURF GRIND HORIZ 

118 M&C SUR GRIND VERT 

131 M&C HONING DAYBROOK 

201 M&C BORER HORIZ STD 

202 M&C BORER HORIZ FINE 

205 M&C JIG BORER 

212 Mé&C BROACH HORIZ 

222 M&C SINGLE MED DRILL 

226 M&O SINGLE HEAVY DRILL 

228 M&® MULTI LIGHT DRILL 

232 M&® MEDIUM RAD DRILL 

233 M&C HEAVY RAD DRILL 

23h M&C ASQUITH 96 DRILL 

236 M&C SPECIAL PURPOSE DRILL



TABLE 2,2 

010 

O10 

010 

010 

010 

010 

O1O 

010 

010 

O10 

010 

010 

O1O 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

010 

2,2 

2h5 

2,6 

2,8 

250 

251 

252 

253 

25h 

255 

256 

257 

258 

259 

260 

261 

262 

263 

26) 

266 

272 

290 

295 

316 

322 

32h 

327 

35h 

356 

358 

M&C 

M&C 

M&O 

M&C 

M&C 

M&O 

M&C 

M&C 

M&C 

M&C 

M&C: 

M& 

M&C 

M&O 

M&G 

M&O 

M&O 

M&C 

M&C 

M&O 

M&C 

M&O 

ME&C 

M&C 

M&C 

M&C 

M&C 

M&O 

M& 

PANTO ENGRAVER 

GEAR SHAPER 

HOBBING M&C 

KEY SEATER 

LIGHT HORIZ MILLER 

MED HORIZ MILLER 

HEAVY HORIZ MILLER 

MILL HOR TRAC HYDROMAT 

PLANO MILLER 

SPAR VAR ANGLE MIL 

MILL IRAC SPAR OVER 20 

SMALL UNIV MILLER 

MED UNIV MILLER 

LARGE UNIV MILLER 

LIGHT VERT MILLER 

MED VERT MILLER 

HEAVY VERT MILLER 

HYDROTEL VERT MILL S 

HYDROTEL VERT MILL L 

LIGHT PROFILER 

BRIDGEPORT TINE A MILL 

PROF ILE 

HEAVY DUTY ROUT 

OPTICAL ROUTERTRACE 

SHAPER HORIZ COPY 

SLOTTER HORIZ 

SLOTTER SCREWHEAD 

TAPPING 

THREAD MILL 

THREAD ROLL



TABLE 2.3 

010 

010 

010 

O10 

010 

010 

010 

O10 

Q10 

010 

010 

O1O 

O10 

010 

O1O 

010 

010 

010 

010 

010 

010 

O10 

O1O 

010 

010 

010 

019 

020 

200 

eit 

212 

1,00 

359 

369 

370 

371 

37h 

375 

376 

377 

378 

381 

382 

383 

38), 

385 

39h 

395 

396 

432 

4436 

4,62 

501 

502 

505 

533 

52 

800 

000 

000 

000 

000 

M&C 

M&C 

M&O 

M&O 

M&C 

M& 

M&C 

M& 

M&O 

Mé&C 

M&C 

M&C 

M&C 

M&C 

M& 

M& 

M&C 

M&C 

M& 

M&C 

M&C 

MRC 

MAC 

THREAD GRINDER 

PLUGBOARD SEQU CAPST 

LIGHT AUTO LATHE 

MED AUTO LATHE 

CAPSTAN LIGHT BAR 

CAPSTAN LIGHT CHUCK 

MED TURN CAPSTAN 

MED TURRET LATHE 

HEAVY COMBIN LATHE 

CENTRE LATHE 

MED CENTRE LATHE 

LARGE CENTRE LATHE 

PROFILE LATHE 

VERT BORING LATHE 

SPECIAL LATHE 

SPECIAL LATHE 

MILL SPECIAL PURPOSE 

PART OFF SAW 

BANDSAW 

STRINGER PIERCE 

h, ROLL SPAR BEND 

SPAR BENDING HOT 

COLD HEADING 

HYD HOR PRESS CARV 800 

SPAR LIGHT HYD PRESS 

MARK OUT 

FINISHING FITTERS 

FINISHING SEMIS 

CHAD PAINT LABOUR 

HEAT TREAT LABOUR 

PLATING LABOUR 

INSPEC TION



APPENDIX kh. 

‘ QUESTIONNAIRE ON THE EFFECTS AND BENEFITS OF GROUP TECHNOLOGY.



  THE UNIVERSITY 
OF ASTON 
N BIRMINGHAM 

Gosta Green, Birmingham B4 7ET/Tel: 021.359 3611 Ex 

  

  

Department of Production Engineering 
Head of Department: Professor R H Thornley MScTech, PhD, 

AMCT, CEng, FlMechE, FIProdE 

Professor of Applied Mechanics: T C Hsu BSc, PhD 

PROD/AWB/LBM 

Dear Sir, 

As a lecturer on study leave from the College of Advanced Education in 

Toowoomba, Queensland, Australia, I am undertaking research into Group 

Technology under the supervision of Professor R H Thornley of the University 

of Aston in Birmingham where I am registered as a research student. 

In preliminary readings and discussions on the subject it has become apparent 

how little is known of the precise overall effect Group Technology has on 

industry in Great Britain, Europe and the USA and especially on firms who 

have had the foresight to implement it. 

We are familiar with the many claimed benefits attributed to Group Technology 

and a number of firms have freely stated the nature and amount of benefits they 

have derived from its introduction. However, one is left to conjecture whether 

these experiences are general or whether they represent only the most successful. 

In consultation with Professor Thornley I have drawn up a questionnaire which 

I hope you will complete and return to the undersigned at the above address, 

as soon as possible. 

Any information supplied will not be published individually nor will the names 

of the firms be revealed. Indeed respondents may remain anonymous if they so 

wish, An analysis of all the forms returned will be made and publication of 

general statistical findings will follow. It is to be hoped that an overall 

indication of the benefits available to firms will be forthcoming and that this 

information can in turn be used to spread the Group Technology concept further 

afield. 

If you would like a free copy of the published results please tick the box at 

the bottom of page 3 of the questionnaire. 

Thanking you in anticipation of your assistance and assuring you of our utmost 

discretion, 

Yours faithfully 

AW Boundy 

Telex 336997



QUESTIONNAIRE re 

ON 

THE METHODS, EFFECTS AND BENEFITS 

OF IMPLEMENTING GROUP TECHNOLOGY 

‘PRODUCTION ENGINEERING DEPARTMENT 

UNIVERSITY OF ASTON IN BIRMINGHAM 

NAME AND ADDRESS OF FIRM: (optional) 

GENERAL, DESCRIPTION ON “PRODUCT: RANGE Ey Pe came see eee 

OME le a athe te heey se aivet efit ete ne Wee et «ONO On EMP LO ME HO. 

NAMES AND “POSTION OF ORESPONDEND:= (Optional): % 0. 56.0 sete 

INDICATE WHICH OF THE FOLLOWING WERE USED AND IN WHAT ORDER G. 4 

IMPLEMENTATION WAS CARRIED OUT: 

  
a) classification and coding of component drawings 

  
id ve}

 

ET
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b) formation of component families       

co) set up a pilot cell 
  

  

      

J
U
U
U
U
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d) "a' and 'c' simultaneously 

e) set up a number of cells after 'b' 

f) any other (state) 

INDICATE THE NAME OF THE CODING SYSTEM USED (if applicable): 

#20 @ pH 6 Alerts sania me! Seiliah es ue eel’ were NOt. “OF WD RAWENGS  CODMDE aa ius« os, 

TYPE OF CONSULTANCY USED (/ appropriate box) 

a) Management consultants ae 

b) university academics ae 

c) no outside help CS 

NUMBER AND TYPE OF CELLS FORMED (insert number in appropriate box) 

a) Single G.T. machine ed 

b) group of machines Ve 

Cc) flowline groups ae



LO; 
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138 

14. 

WITH REGARD TO CELL OPERATIONS HAVE YOU, (yes or no) 

a) 

b) 

c) 

d) 

e) 

f) 

8) 

h) 

STATE THE PERCENTAGE REDUCTION FOUND IN THE FOLLOWING AFTE 

a) 

b) 

c) 

d) 

e) 

£) 

8) 

h) 

i) 

j) 

k) 

independent cell tool and fixture stores 

setter operators 
  

flexibility of operators to suit machine loadings. 

  

  allowed cells to schedule their load 
    

adopted cell quality control 

An ncenteve ssGhene Chype wise. ws ne eye ee ae es) 

used preset tooling H
U
L
U
 

  

developed specialized jigs and fixtures 
      

wa
 

G.T 

throughput times (average) 

  

work in progress 
      

finish component stock 

  

tool preparation and setting costs 
      

tooling purchases (if increase, state) 

raw material stocks 

pre-production costs (planning, data, jigs, fixtures) 

reworked and scrap component costs 

  indirect labour costs 

machine setting times 

anyOther quant beable ceftect, (state) es... . oe. A
J
U
U
O
O
U
U
U
U
U
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HAS EMPLOYEE REACTION TO G.T. BEEN (VY or state % if possible) 

a) 

b) 

c) 

d) 

e) 

WHAT IS YOUR ESTIMATE OF THE OVERALL COST OF G.T. 

TICK BOX FOR FREE COPY OF PUBLISHED RESULTS 

enthusiastic and helpful with change to G.T. 

indifferent at first but later improving 

suspicious and resentful 

less absenteeism since G.T. 

° 

more punctual start since G.T. J
U
L
 

  

IMPLEMENTATION? 

. . ee . . . ° e . e e . . ee . . ee ee . . . . . . 
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