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SUMMARY 

Since the late nineteen-forties, the concept of Group Technology 

(Gt. ) ‘hag been applied in European engineering companies, first in 

Russia and since the middle sixties in West Europe including Great 

Britain. 

The early applications were in plants particularly suited to this 

technology, but more recently general batch producing companies have 

looked at this manufacturing philosophy; these, according to the 

theory, could benefit greatly from G.T. Since approximately 80% 

of the engineering industry in this country is involved in batch 

production, it is likely that a wide-spread application of G.1. 

wovld have far reaching effects on the productivity of the engineering 

industry in this country. é 

The author has been employed by Wildt Mellor Bromley Limited, 

Leicester to study the feasibility of applying G.I. to the manufac ture 

of large circuler knitting machines which are complex assemblies 

produced in a variety of different sizes and models. 

The report presented here covers the following stages of a 

   
fundamental G.T. analysi 

(4) veview of the plant and its preblems to test its G.T. 

suitability 

(44) assessment of objectives and prediction of financial bene 

  

(444) the analysis of the total component spectrum 

(a) to design the overall cell layout of the plant 

(b) to des 

The report is based on a survey of the existing literature and 

   
gn a prototype cell 

it has been attempted to lay down certain parameters to gauge the 

suitability of a plant for 4.7. and the savings which can be obtained. 

The available analysis techniques have been surveyed arid by means of 

the test case illustrated, it has been demonstrated how tech: 

  

rigues 

of analy 

  

can be selected to suit the specific requirements of the 

plant in question. 

The importance of supporting administrative systems, which heave 

had limited publicity in most other applications, has been stressed,
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Since the early days of automobile construction, the advantages of 

flow line production have been achieved. For decades it was generally 

thought that flow lines could only handle one or, at best, a very small 

number of very similar components. Whilst the advantages of such a 

production technology were fully appreciated, the technical difficulties, 

‘of fitting batch production into flow lines were considered to be too 

complex to be solved. (Since: batch production requires a great number 

of different flow patterns, shop layout to optimise material flow was 

considered to be impractical and functional layout was generally 

accepted, 

Group Technology (G.7.) was developed in Russia during and after 

the second world war to provide an acceptable compromise between high 

volume, high productivity flow production end lower yolume, low 

productivity batch production. ‘ 

The concept of G.T. involves the grouping of parts into families 

of parts requiring similer mechining processes, followed by the setting 

up of flow lines or machine cells, where each line or cell is able to 

produce one or more families of parts, 

G.T. attempts to group the total component spectrum using scienti- 

fic methods of coding end ol 

  

fication, Considerable attention is 

placed on the design of an administrative and control system to suvport 

  

the new technology and 8 is considered to be at east as important 

as the engineering aspects. 

   A number of engineering companies producing a variety of products 

    ranging from brake linings to vaives to heavy electrical equ ent have     

applied G.T. 

A number of approaches have been developed with varying levels of 

success and varying emounts of resources applied to the analysis. 

There is relatively litile information available relating to a 

rational approach in batch producing conpanies,manufacturing complex 

assemblies. Whilst this is prohably the most complex and difficult 

application, it nevertheless covers some 80% of all engineering industry 

in this country. It is therefore in this area where research and 

projest work on a scientific basis can yield the greatest results in 

terns of potential increase of national productivity. 

This veport discusses the feasibility study of a G.2. installation 

  

in just such a company leading to the establishment of a pilot plant 

containing one major cell split into several sub-cella,



The com 

  

y concerned produces 4 range of large circular knitting 

  

machines with a wide range of models and sizes with components preduced 

in mainly small batches of 50 to 200, In the order of 800 menufactured 

parts (excluding proprietary purchased parts) are used in each assembly. 

The plant employs 1050 people producing approximately 600 assemblies per 

year. The range of parts varies considerably with a strong bias towards 

difficult nen-rotational cams. 

Towards the end of 1972, following @ report by Aston University 

staff, it was decided to study the feasibility of converting the plant 

to the cell system of manufacture and two engincers were charged with the 

responsibility to code and classify the component range and devise a 

manufacturing system using GT. principles. 

By Autum 1973 a report was to be published to the Board of 

Directors outlining the overall strategy of changeover, the expected 

benefits and detailing a suitable pilot cell for implementation. re 

By July 1973 it was decided that the project looked sufficiently 

promising to start up # pilct cell at an early date and a small plant of 

10,000 sq.ft. area was made available for this purpose. 

This report covers the following stages of the feasibility study 

and the cell snalysis: 

(a) The analysis of the component spectrum and development of 

suitable manufacturing cells for the whole plant. 

(bo) The detailed flow and capacity analysis of the prototype 

cell, its implementation and experience gained during its 

early months of running. 

(c) A review of the adminis 

  

ation and control systems devised 

for the prototype cells. These were however not develope 

  

to their fullest extent at the time of writing this report.



2. A SURVEY OF GROUP TRCTINOLO* AND Av}      

TH CO) s 
Group Pechnology has been defined hy Phommley (1) es: 

  

ap? _OF GROUP     

"IGroun Technology’ or ‘Parts Family Menufacture! is a 
method of achieving some degree of mass production tech- 

nolegy in the batch production industry." 

Ransom (2) and Falvey (3) quote that Latch production accounts for 

about 80% of the engineering industry and therefore forms the largest 

single area of industrial activity in this country. 

The benefits of mass production have become apparent since the 

peginuing of the motor car industry shortly after the turn of the 

century (4), and any technolosy which will bring mass production 

principles into batch production must have a considerable infinence on 

the profitability of a great number of engineering compenies. 

The concept of GT. is basically a simple one as stated by 

” Gonbinskd, (5) 

"G,.7, can be defined as a production method that involves 
the machining of parts in families." 

and Ivenoy (6) 

  

"The basic concept of comr 
    
    

  

   

      

tooling and machine 
= planning unit 

operations 
nd tooling." 

ed on single co 
2 group of 

Whilst the early Russian work (7) tended to concentrate on 

single machine cells and in particular lathe work, the concept has 

since been developed further. of activity have been 

  

identified by Edwards end Koeni, 

at to individuel machines" 

  

    

  

Phase I in fack x in G.T. using often the 

coniposite component principle (D where a number of components are 

selected and a real or imaginary part embodying ali features of       

every part in the family is drawn up. The machin: is set up on 

the basis of this 'Con te Componer:t' end no machine » thing     
other than adjustment for differ 

  

nt sizes is required between batches 

of parts in this family, Uffectively 2 number of betches are 

combined into one large batch, saving considerable setting time. 

The approach to mass production could often be taken further in this 

  

technique, and Stéckmann (9) quo a case where this system allowed 

  

the use of a multi-spindle omatie lathe for sel] bateh production.



  

"Phi II - 

  

4% Groups or Cells of Machines" 

  

    
       As the natural extension of Phase I, ti 

      

is phi uses a cell of 

machines to produce a family of components requiring several proc 

  

such as miljing, drilling, turning etcetere. Baw 3 and Koeni, 

(8) claim that the prototype cell concept has inherent dangers unless it 

is treated as the first step towards the overall change-over scheme. 

Often the prototype cell, whilst beneficial in its own vight, does not 

yield sufficient savings to affeot Company profitability. Furthermore, 

the requirement for different. management systems can lead to a conflict 

between the prototype cell and the remainder of the plant, based on the 

functional layout. 

Ideally Phase If should only be a short interim stage leading on 

to: "Phase ITI - The Cell System" 

Thornley refers to this as the ‘total approacht (10) looking a4 the 

Company as a whole vather than just a small section. ‘the total approach, 

taking into consideration 211 Company activities is also promoted by other 

writers such as Edvards (11) and Ransom (2) as well as Opitz (42) who 

develops the overall G.2. involvement of the company from a universal 

coding system (i.e. the ‘Opitz Codet). 

Thornley (10) differentiates in the total system between 

(a) "The group layout system" and 

(>) "The group flow line system" 

The group is a collection of machines which in total contain a11 

the processes required to make a family of components. In a group any 

one machine may be visited more than once, which requires some buffer 

  

storage and queueing but mey be necessary to balance hine capacity. 

The small size of a group compared with the overall plant allows 

however much closer control and shortened thx 

  

ughput time. The group 

layout may be regarded as an intermediate step from the functional 

layout to the flow-line layout. 

The flow-line is a more advanced form of group where each machine 

is visited no more than once during the production cyele. Machines are 

   layed out in the sesuence of operations mugt be substantially 

common for all parts. Frequently machines are comected by rollex 

conveyors which aid materials handling, define the flow pattern ang 

act as buffers of strictly limited cize. In a flow-line sowe degree 

  

of floating labour is normally required to balance the load, thus 

implying that a flow-line will normelly have more machines than men.



The concept of G.T. has been tuken beyond the machine shop and 

  

    applied in the drawing office for design re eval and variety 

reduction. Since some classification syetem is required for a GT. 

analysis, it was considered by developers of coding systems to design 

these such that they could be used for both, production engineering 

analysis and drawing office work. The Opitz Code (13) is of course 

a typical example of such a code. 

Hosang quotes three methods of dealing with variety problems 

which can be said to cover the tdtal G.P. concent (14). 

Aw Design of cheaper machine tools by matching machine 

tool requirements to the component spectrum by means 

of statistical work-piece analysis as developed by 

Opitz (15). Examples of this ayproach have been shown 

by Moll (16). , 
B Control of production by forming families of components 

and expanding this concept by forming machining cells. 

  

Cc. Variety reduction in the design office to reduce the 

vaviety of components loaded on to the shop. 

The above arguments underline that G7. does not just concern 

  

itself with metal cutting but looks at the company as a whole. 

    Ransom (2) states te categorically: 

  

   
  it technique which 

pniques.” 

"Group Technology is the onl. 
embraces 211 other kmown manage 

  

   

  

    

ple referred to in this statement, namely the Serck Audco 

project, demonstrates that considerable benefits can be achieved where 

a company totally involves itself in GT. end changes its complete 

adwinistrative structure to coincide with this philosophy. 

In fact, the key to modern thinking in G.7. as put forward by 

  

Edwards (17) and Thornley (48) is orgenisational rather than teshno- 

  

Edwards describes how in a conventional company, control 

and information system design is “extremely complex",and how vp to 

ational back— 

  

now insufficient regard has been given to adequate orsay 

Up. G.T. takes a fundamental look at this situation and proposes an 

      inherently simple solution to this apparently difficult problem 

The solution proposed is: 

Break down the complex system into a number of small easily 

controllable units, each one with its om limited range of geometrically 

and technologically similar components all requiring only a Limited 

number of production processes,



The analogy is of course the speci: 

  

list sub-contract shop, 

which by virtue of its small size and limited number of processes can 

  

be controlled mich more easily and efficiently than a comp. lerge 

manufacturing plent, resulting generally in lower manufacturing and 

overhead costs. 

This point is confirmed by Petrov who quotes (19): 

".., the setting up of specialised sections was found to 
improve the shop and works cost figures quite significantly. 
One of the biggest cost advantages of the closed-section 
system is that it increased labour productivity, since each 
work place can be specifically designed for a definite 
operation sand specific component.”



2.2. A HISTORICAL REVIM 

  

  

2.2.1. THE RUSSIAN WORK 

The concept and early developments oi G.7, are generally accredited 

to the USSR. Whilst the real development in this technique did not take 

place until "the 2nd World War, the early development and application of 

this technioue, has been traced back to the 1920's (20) followed by 

developments by Sokolovskii in the 1930's. 

Grayson (21) claims that ‘from 1945 to 1953 a number of proposals 

of S.P. Mitrofanov were adopted in the USSR and applied in Russian 

factories. The first applications were at two machine tool works 

where "group flowlines with changeable workplaces" were organised (49). 

Further applications were developed between 1950 and 1957 in a number 

of small to medium batch production engineering plants. Machining 

cells for specific families of parts were set up during this time. 

The first major book written on the subject was "Scientific principles 

of Group Technology" (7) in 1958, which set down the principles of Group 

Technology and gave a considerable amount of information on such subjects 

as classification, the “complex part" end group tooling. This book 

      

which was indicative of the early experience in the AR concentrated on 

the single machine concept using the complex component. Whilst sone 

  

discussion takes place on group flow and group automatic lines, the 

bulk of the hook discusses technological aspects of individual machines 

ina G7. environment. Petrov confirms this and claims that from 

d to si 

er exceptions 

     

  

1956 to 1960 group technology was mainly ap, ler, two and 

   three operation parts. There were howe ad the first 

  

multi-~product flow line not requiring any equi, 8 

  

resetting 

designed in 1953. By 1956 there were more than 1800 group production 

subsections in the USSR using more than 59,000 machine tools. 

Galloway (22) provides an indication of the Russian work prioz to 

      1960 based on personal observation. ~He makes mention of the Kras 

and 

at the 

time of writing (1959). A further example is the Red Proletariat 

Proletarii factory which produced Jathes,on , flow line basis 

    

  

which was cleimed to produce the cheapest lathes in the wo: 

  

  

Factory which increased the output of various forked components from 

  

12,000 to 60,000 pex year using group machining » * It was 

claimed that generally G.2. would increase output two te three times    
and subsequently cut costs. Components were said to be sorted eccord— 

ingly to their size, shape, material design characteristics and range 

  

of machining processes involved.



ENIMS, @ major Russian research organisation made a significant 

contribution towards the development of automatic transfer lines 

accepting @ number of different but similar components. Typical 

examplesane ecompletely automatic line producing 10,000 gears per 

month in ten sizes 3" to 124" diameter, and another for producing 

13 different size spline shafts at 26,000 output per year. 

A certain amount of literature has become available from the 

USSR since Mitrofanov's publication, which, written by various 

authors, dealgwith such subjects as techniques of and parameters 

for grouping machines (6), flow-line planning, production control, 

and scheduling (19), flow-line and multi-component transfer line 

design (23). : 

Reference is made in the literature to applications other than 

the metal cutting industry such ascold forming, diecasting, casting, 

painting and finishing, and assembly (6). - 

The period since 1965 has been described as one of "consolidation" 

(24) ana only a small number of increases in the number of applications 

has been reported. This reduced effort is claimed to be due to a 

redirection of research. r 

Mitrofanov (24) did however claim in 1960 that G.T. was still 

expanding in the USSR and that substantial savings were made. 

The indication is that there is now renewed activity in the USSR 

to develop the use of G.T. further (25). 

A conference in Leningrad in 1972 looked at the potential of G.T. 

and made a number of recommendations such as:- 

development of an "integrated cell" inciuding NC and 

conventional machines, 

examine questions of variety control and standardisation. 

~ provision of funds to study the organisation of jobbing and 

gmall bateh production. 

- establishment of a National Scientific Centre for Data 

Problems integrating G.T. and comparing sciences. 

“= inelusion of G.1. into the syllabuses of Production Organisation 

at local technical institutes, 

   

    
   

  

The need for classifica n and coding was azecomised very early 

on, and Demyanyuk describes c ication principles developed by 

  

skii. Some ref. 

  

Sokolo ly referred to s 

  

     class cation, syst 

 



  

nature, fell into fam s requiring similar machining processes. 
   

Demyanyuk introduces numerical features by defining size ranges to 
   

supplement of purely descriptive geometric features forming the basis 

of this system. Petrov discusses the classification work done at 

"Sverdlov" works in the Leningred Machine Tool Group where 5800 

components were analysed using punched card equipment on 4 basis of 

design and production sequence. Mitrofanov also makes brief mention 

of decimal based coding systems. |



  

The influence of the Russian work extended after the war into ot 

  

22 

East Buropean Countries, and some work wes done in Czechoslovakia, bast 

Germany and Bulgaria in the late 50's (24) though French and Italien work 

was already in progress before that time. 

Some of the pioneer work in G.T. was undertaken by Patrignani in 

Italy (26) who developed a complex system involving power presses with 

interchangeable platens for rapid press tool change-over for families of 

components (27). Fiat were also reported to practice G.T. by 1969 (28). 

Early French work was done at the Societe Stephanoise de Construc- 

tions Mechaniques who make conveyorising equipment and who by 1956 had 

set up four celis (shafts, rings, housings, chassis) in conjunction with 

design rationalisation work based on the use of the Brisch-COPIG coding 

system. By 1965 a paper by Allerat, Cliquet and Guilieminot (29) 

referred to the extensive work done by the firm Guilleit Co, Auxerze. 

There was also some evidence of the use of G.T. in Scandinavia and 

as early as 1947 Nathhoret was said to have laid down the principles of 

group production at a conference in Stockholm (30). 

West Enxropean efforts were probably most strongly developed in 

West Germany, and considerable work was done in the early 60's in 

Germany mainly based on projects run in conjunction with T.H. Aachen, 

even though it has been claimed (31) that G.T. was applied in Germany 

as early as during the 1930's. In 1964 Opitz published his famous 

classification and coding system (18) together with @ disoussicn on 

Group Technology and work piece statistics. In 1963 a G.?. Sy 

  

osLum 

in Essen, Germany hed been held already, in which several contributors 

discussed various aspects of G.1, These were generally based towards 

administrative rationalisation based on the use of classification and 

coding systems and this aspect seemed at that time to get greater 

exposure than machine shop improvement and the cell layout (14, 31, 32, 

33% 34). Qne contributor however gave a paper (35) dealing with the 

  case study of a machine shop vationalisation and indicating the use of 

cells and flow lines for general engineering componenis. She photographs 

indicate that this work must have started at least two to three years 

prior to the 1963 conference. - 

    

Other German companies who were doing active work in ¢.T. by 1964 

were Pittler, Gildemeister an? Werner nid Pfleidezer. Again reference 

is made to flexible y lines in the case cf the latter firm and an 

  

    

  

exainy e spindle 1 ed in a paper by 

St¥Bckmamn (9) at the 2nd G.. Gonferance in 1965 (held in Basen, Germ 

10



It is importent to note the extent to which the administrative 

requirements and advantages of G.7. were studied in Wes 

  

n Burope 

as early as 1963 and how a clear understanding of the scope of G.T. 

existed at that time. 

Further developments in Germany were indicated by papers presented 

at the 3rd G.T. conference in 1967. These seemed to lead mainly towards 

greater sophistication in the handling of clessification systems (36, 37). 

There is however little evidence on further applications, although it is 

claimed (21) that the number of applications is increasing. 

There is certainly still considerable research taking place at 

various German Universities to lead to a clearer understanding of the 

issues involved in GT. Typical areas of research are: 

a) The relationships of NC in conjunction with flexible flow 

lines (38, 39). cs 

b) Development of production and tooling-based coding systems (40). 

c) Computerisation of process planning (41). 

  

ad) Development of a generalised classification and ccd 

  

involving all areas of company operation (42)



  

The following paragraphs review some of the applications in the 

UK which have been published in the vast. The list is by no means 

comprehensive and Bennett and MacComiel2. (43) make a mention of a 

survey of 150 companies studying G.T. in this country. 

The exampics discussed describe the Serck Audco case as the 

earliest major published study. This is no doubt not the start of 

G.T. in this country, and Sidders (31) is quoted to have mentioned one 

company who devised their own ¢lassification and coding system in 1948 

and set up a group machining line for shafts in the eaxly fifties. 

Dyson (27) quotes the use of two machining groups for producing 

families of similar pressed metal components in batches at Hoover Ltd., 

Perivale in 1950. 

(T)__SBRCK AUDIO VALVES ITD... NERPORT 

The Sexck Audeo project is probably the best lnown’G.7T. scheme 

undertaken in this country to date. The reasons for this are as follows: 

a) The Serck project which started in 1959 is the first publicised 

G.T. project in this country. 

») The company pioneered the total concept cf &.T. at an early 

stage when most other companies were hardly eware of this 

manufacturing philosophy. 

ce) The savings achieved by this company were so spectaculer that 

they caught the imagination of the Gover: 

  

vent and Industry 

  

alike and G.f. was hailed as the solution for all of the batch 

producing engineering companies problems. 

Most of the credit must be given to Mr. G. M. } 

  

on who, as 

  

Managing Director, took a leading role in project and ¢ 

  

y it through 

to its conclusion. 

The case study was published in 1966 by the National Beonomic 

Development Office (44) ard there can be no doubt that this publication 

had a major influence on the development of G.T. in this country. 

“Whe Company profwwe a wide range of valves of three basic types, 

namely taper plug, bulterfly and ball valves. The product range was 

rationalised using the P 

  

   

  

    

G.T. was introduced 

and th 

produced in a r 

  

   rachine tools 

 



voller conveyors. The concept made it possible to load the shop 

with balanced product sets of components for assembly and eliminate 

Bconomic Batch Quantities with subsequent stock reductions. The 

flow line concept reduced through-put time and hence work~in progress 

thus veducing inventory levels and at the same time allowing better 

delivery control. 

The principle of floating labour was used and a typical cell 

had more machines than men. (A typical ratio wes 5 men in a 12 machine 

cell. The use of group tooling, using common tools and fixtures for 

families of components was applied successfully (45) thus reducing 

setting time and consequently the cost penalty incurred in ronning 

small batches, A substantial investment in tooling and equipment was 

made to introduces these concepts. Using job evaluation a new system 

of payment was developed in which nine hourly rates replaced 93 previous 

rates. 

The steps takenin the analysis were sumied by Ranson as follows:~ 

t a team of work study engineers analysed and reviewed all 

operations. 

- production planning was centralised using data processing 

equipment. 

- 4 coding system was established, 

-a “one drawing and one number per part" system wes introduced. 

  

- a high speed production facility was set up becked by diciplined 

stores control. This reduced inventory levels. 

~ through-put time was reduced by over 65%. 

- overdue customer orders were reduced to less than 2 by value. 

~ job evaluation and labour mobility were introduced tozether with 

a productivity-related payment scheme. 

~ specials were greatly reduced by pricing them out. 

a total company outlook was achieved incorporating totally 

integration of all company activities, 

It was shown that the discipline of G.T. in the machine shop calls 

for correspondingly well-organised back-up services in production 

planning and control to make this concept workable. Lt ie” important 

to realise that invariably those companies which have successfully 

implenented G.1., state the necessity to rationalise and improve all 

associated areas such as Gesign, process planning, work study and 

  

production control. 

 



It must be pointed out that the Serck component range does.fall 

   
into a smal} number of well defined fami 

  

8 of fairly similar 

components, and this mist have made the project much easier than in 4 

general engineering factory. 

The benefits obtained by the company in 1966 have been published 

many times and have since been improved. 

1966 (44) gmt (48) 

Seles up by 32% up by 67% 

Stock dom 44% (£500,000 
Stock/anmal sales ratio down down to 22.5% 
from 52 to 25% 

Average manufacturing time reduced ~ down to 2k weeks — 

from 12 to 4 weeks 

Past-due orders down from 6 weeks 
output to one 

Wages per employee per annum ‘ up to £1520 
up from £700 to £900 

Increased despatches per employee up to £5700 
£2200 to £3100 

      (10)___ReRopo ump... caarn EN TG PRI 
  

    Ferodo Lid., is one of the largest manufacturers of friction 

materials in the UK and % 

  

eir production cycle covers all aspects from 

raw material processing through to shipn    ng the final product ready for 

assembly at customers works. 

In the middle sixties this company decided to consider G.%. for its 

manufacturing processes and in conjunction with UMIST staff, a number of 

  

reports were compiled leading to the establ ent. to date of a Slow line 

    

type machining and post-machine processing plant for the production of 

theix major product, namely single component brake linings. 

This project has been the catalyst for a series of papers and 

reports dealing with a range of G.T. related subjects such as classifica- 

tion and coding, cell design, management aspects of G.T., the “total 

concept of G.7." and production control, 

Ferodo have two plants but most of the work to date hay,been confined —— 

to the Chapel plant. 

The project was started by an analysis of a1l currently manufactured 

products with the aid of 2 classification and coding system to form 

"product groups" (2)



  

        production group ( 

the ist digit in the Opitz, co 

* 441) ‘family groun (bxinging togethex products with siniler 
rroduction requirements). 

aii) family item (unigne identifier). 

s' to 

my 
_A 10% sammle of three hionths inistemicet manufacture was venallysed Z Se 

to study the load pattern end conaonent spectrum in the plent using, ° 

computer aids to sort and tatmlate the data. * 

A most complex pattern of manufacture was discovered with 20933. 

live snecifications at the Chenel plant alone, with batch sizes’ from 

2 to 6336 (20). ’ 

In conjunction with this analysis a-study of current marufecturing 

  

  

methods was underteken.  Ferodo produce their own ray material by a 

mixing, pressing end heating process followed by eutting into suitable 

sections to produce blanks fo machining of size end sh eo features     

(the finishing operations) including 1 

  

‘King and puck 

  

Following the product review it was dec! 

  

a to limit the scove of 

the project to the finishing operations of sin ntered sii 

Of, th 

ere subdivided inbo cellul 

e part breke 

  

linings which account for the greater may       

The manufacturing st A 
   

  

   

    

based on the work done at Sexck Atco. A munber of 3 21 machining 

  

cells weve developed each o: 

o be tw 

dealing with a family of 

  

arts, though. 

  

soe over 

  

en cells is poss. 

    

The basic principle of the cell ait is in Fig 4 (48): 

  

blanks exe received into a loading buffer and fed into cells GT1 to 

  

GS (depending on the comyonent type) for cutting and grinding to 

size, painting, marking and inspection. After this processing 2 Ss 3 

  

   sequence, parts ere re-sorted in a 

off 

store end either taken 

et of cells HF to 

HFS and LP1 to LP5 dealing with additional ‘york such as drilling, 

ed into     as completed on transte 

chanfering, tavering, special features etceterae 

Within eacti sell, machines aze liked by conveyors which pre~ 

@etermine the flow. All conveyor junctions occur at machining { 

stations ena the operator ig responsible for passing whe belch dow a 

the correct leg of the junction. . 

Bach cell is based on the key machine princi 

        

from & loading 

  

machine" with rol concentrated on the     

1S



Supnort machines are under-utilised and the use of floating 

labour ensures that no bottlenecks occur. 

Two rules were imperative to maintain acceptable flow conditions 

and these were (20):- 

a) no order will be able to leapfrog another. 

py) the operation layouts are of a fixed sequence. 

To obtain a maximum eecaee ion of setting times, components were 

reviewed in relation to their component features and ‘parts were grouped 

in pyramid fashion in the order of set-up complexity, so that all parte 

with common features in the most complex set-up were loaded sequentially, 

sub-grouped tovzether for the next most complex set up and so on. The 

lensth of conveyor was checked to ensure that it was long enough to 

provide sufficient buffer storage to hold all work for the planned — 

throughput time. ‘ 

Initially only one ceil was developed which was followed by five 

further cells, 211 working on the flow line principle. A half weel 

fe buffer 

time, giving 2 total maximum manufacturing cycle of two weeks for the 

  

throughput time per cell is allowed with e one week intermed 

finishing operations. 

  

Several observations were made by the weiter on this project 

  

following discussions during a visit to Ferodo in January 1973:- 

    

ion of 20 to 30% has been 
sflation. 

+ An overall manufacturing cost 
estimated after adjustment for 

stion (20), no 
output increased 

ms in setting and 
decrease in uti 

ft to $8,000 sa.ft. 
jines was more than 

- Despite theoretically reduced machine 

additional machines were required ¢ 
slightly. It was believed that xr 
production times offset the theoretica 

      

  

  

ation. 

        

~ Floor space has been reduced fron 66,000 
The additional space required by the conve. 

offset by the saving in progress area. 

  

   

     - No evidence of a job sati tion increzse has been found. 

is believed that job satisfaction is more a feature in high-s} 

pleats and does not apply te the same extent at Perodo where 

labour is generally unskilled. 

    

_ = Opexators were not well enotizh informed of the company's inten— 

tions and this led to some resistance duting the early stages of 

the project. These problems have now been resolved. 

« The more enterprising and resourceful operators enjoyed the 

change-over and especially the movement to different machines, 

much more than the older more settJed operators. 

» Taboux turnover which was & pa: 

  

‘euler problem has been reduced 

out comide   



  

- Delivery times have been cut and livery promis 

given with full confidence. Ferodo b sve i 
reason for their current growth in onder i 
of stagnation. 

now be 
one 

& period 

  

   

Ferodo quite early on during their G.7. implementation found that 

with a changeover to G.T. cells, the management structure of the company 

would need to be examined in some detail and changes made to make the 

‘management structure compatible with the cell layout. 

Typical problems which dro&e, were (49) 

a) Delays in decision making due to the stendard line management 
structure could stop the production line (e.g. maintenance 
allocation, quality, disputes etcetera). 

b) ‘he planning for manufacture wes based on customer satisfaction 
and the shop would balance random changes by work-in-progress 
manipuletion. This clearly is not ecceptable in a flow line 
environment requiring a well planned sequential work input. 

e) Labour flexibility reauired a new look at incentive payment 
schenes. 

Ferodo overcame some of the above problems by developing a new 

  

functional manasement structure which s move flexible and conld adjust 

quickly to the reouirements of the cell lines, 

The Ferodo project is no doubt one of th 

  

most 5: ul GP. 

    

    

installations in this country. One miv    

  

t the po ct, range 

   is sufficiently homogenous to meke group 7 but in fact 

range of econponent features is extr y wide and only a very detailed 

analysis allowed the develorment of the xe. 

  

tively simple production 

system to cone with the wide variety of parts encountered. 

  

The considerable amount of litereture published on a1] aspects of 

G.T. have provided a very comprehensive information to users of G7. 

   (200) __ tee ay 410 CO. UTD. , J RD (441)      

Mitrofanov's work on Group Technology was published in this comity 

in 1966 and was received with some interest. One of the first, if not 

  in fact the first company to purstie his enproach in practice was the 

  

' English Blectric Co. Ltd., at their Bradford works in cofmjunction with 

staff from UMIST. The start of this work dates back to 1965 indieating 

that knowledze of Mitrofanov's work existed in this comtry ‘prior to 1966, 

The approach used, centered around the complex part philosophy end 

substantial savings were made by devising group set-ups on Canstan lathes. 

The exercise was restricted to single machine turnine arplirations 

producing components for elestric motors and generating exuipment, 

V7



During this early application no attempt was made to consider the 

  

total component spectim of the company and to devise cells to 

improve work flow. 

4 Whilst the savings gained ave clained to be substantial (70% 

average output increase) the application was insignificant in terms of 

total company operation and has not been developed to any greater extent — 

since then, es : i 

_ ‘There can be no doubt that a complex part set-up yielde substantial 
benefits and will greatly improve productivity, {he English Blectric 

case-study ig a good example of the benefits whieh can be gained in this 

area. 

(iv) GBC ELLIO? CONTROL VALVES LTD. , ROCHESTER 

GEC Elliot represent a case of a successful application developed 

"from the shop floor up". 

The company produces a range of valves for the petrochemical 

industry using over 650 production workers and 127 machine tools (50). 

The product range is such thet classification by eye and deseription 

    

  

was quite adequate and G.%. cells could be developed by the production 

engineering department in comparative isolation. 

The work started in 1968 and there can be little doubt that it 

  

heavily influenced by the Serck project which had been developed in 2 

similar enviroment. 

  

It is claimed that the method of classification, whilst it avoids 

expensive coding effort, requires skill and product imowledge and 

families formed may not be as comprehensive as those likely to have 

    

formed using a formal coding system. Bearing in mind the simplici 
   

the conigon: ge, this seems to endorse the populer opinion that in   

any organisation.of average product complexity a formal coding systen 

is a mandatory analysis tool. 

The shop was changed relatively slowly and it took three years to 

  

  

re-organise it on a cellsby-cell basis. However, it did keep disxup+ 

tions to a minimum (51). 

A number of additional areas had to teokled to achieve adequate 

G.D.venefita. 4 comprehensive preventive maintenance scheme had to be 

introduced for all machines. Plant breakdowns were reduced by 756 and 

this must have conteibated considerably to the smooth 

  

cells. Gells and flow lines are of course mush more 

      

breakdown ional fimctional shop end the ¢ 

  

   at GEC hes been confirmed by work done at Feroda. 

va



The production control department had to be split into individual 

sections dealing with separate cells to simplify control. 

The Jarge store used previously was split into ten small. stores 

and a common part store, each store handling a particular group of 

parts. The assembly shop was split into nine assembly lines, each 

dealing with a limited product range. The concept allowed the principle 

of having a section leader responsible for a product from receipt of 

customer order through to the. final product. 

As a result this concept of unit management led to the establish- 

ment of much greater control for each wit. Unit managers are now 

responsible for their om naw material and consumable purchasing as 

well as direct labour and staff. 1 

Considerable improvements in delivery performance, work in progress 

indirect labour levels and iead times have been achieved. 

  

(V) THOMAS MERORR 

The company has three plants making a wide range of gauging equip- 

LD. 
  

ment employing a total of about 400 people. G.T. was first introduced 

in 1966 to overcome delivery problems, reduce work-in-progress and ensure 

ed (52). 

The initial analysis classified parts by known sinilar type only, 

  

delivery of the correct part when requ 

  

without eny formal classification system, Five cells were established 

  

the first of which was completed by 1969 (53). 
At that 

  

ge it was found difficult to form further families with- 

    

out coding end classification; so with the aid of the G.T. Centre, the 

Optiz system was introduced leading to the selection of families of 

apparently dissimilar parts. Coding work also formed the basis of 

  

rationalisation and standardisation in the design office, 

The use of the coding system allowed the introduction of standard 

planning sheets. About 1900 parts were coded. These lent themselves 

to the establishment of complex components leadins to such rationalisa+ 

tion as using common cams for automatics for a number of components 

(54). Once the parts were classified and cells developed, a consider-~ 

able amount of work was done on group set-ups and special attachnents 

on standard machine tools indicating the strong influence of Russian 

work » studies as explained by Mitrofanov. 

Theee types of set-ups have been recosnised. These are:~ 

4. Shape :- 

shape ere made in cells producing 

 



2. One operation :— 

Standard cam sets are used to produce parts ec 
virtually complete in one operation. The grov 
lead to the use of automatics for components prev 
machined on Capstan or centre lathes. 

    
     
ously 

3. Common origin :~ 

Components dissimilar in shape are started in a common c21] 
up to a breakpoint where they are transferred elsewhere for 

completion, 

By early 1973 30% of all components had been dealt with in any 

one of these three methods, 

The following benefits have been claimed (56). 

Throughput time reduced by 54 to 84% 

Cycle time reduced by 15 to 25% 

Availability more predictable 

Productivity increased by 24% 

  

The production control system has been changed to eyeli 

  

planning: 

and the material non-availability has been reduced by ORF. 

(UI) __FERRANTI, EDINBURGH 

The Edinburgh plant of Ferranti produces 

  

   mechanical equipment mainly for aviation use. 

assemblies produced are generally low and 

  

environment exists, further aggravated by the ni 

small to minimise the effect of modificatic    

Ferranti in 1966/67 aimed to reduce their 

    

start in G.T. was made with a single cell for small r      

   

The initial work was sufficiently promising to develop 

by combining several machine shops to set up e number of 

  

data processing techniques to machine loading, and ez 

  

  concept of quality control by transferring cuslity responsi 

the inspector to line management and the one. 

  > 1" diameter, 

Using an existing Brisch system of classification,suitable parts could 

  

be easily selected. An eight-machine cell including turning, milling 

and drilling was set up using only four operators where one operator 

used five low cost, low utilisation machines. 

-The parts were scheduled into the cell on a sub-fanily basis, to 

provide a loading sequence which would minimise set-up 

  

tim 
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Ferranti already used a three-month fixed cycle production control 

system, and based on the three-months forward load, parts were scheduled 

on a technological basis to minimise set-up time. 

Substantial savings in set-vp and through-put time were made but the 

system was too inflexible due to the fixed nature of the three-wonths 

forward loading cycle. As Durie quotes (31) in 

‘We could machine any part of the family in three days, but those 

three days were fixed at some point in time during the mext three 

months as dictated by the sequence". 

The result was a change to a composite component philosophy on the 

first operation lethes. This allowed flexibility of loading within any 

one family set-up to suit production requirements and the previous rigid 

loading sequence could be abandoned. The composite part analysis 

revealed that the total work of this first cell could be covered with 

four turret set-ups only. 

Using PFA techniques, subsequent cells were developed (57) where the 

  

component complexity and poor production information of the classification 

code used made grouping by code impossible. Furthermore the wide range 

of specialised machine tools used, made it difficult to relate the Brisch 

code to machine tools. 

  

The analysis allowed the grouping of about 80% of the machines 
e 

  

cells some of vhich had a simple sequential flow pattern whilst others 

had complex flow conditions requiring the use of a good progress system. 

In total 13 cells had been set up by 1973- 

   In some instances where one expensive machine only wee availebie or 

x looked after several identical machines a certain 

  

  

amount of ox flow between cells had to be accepted, Occasionally this 

was also required to balence cell loads (58). 

Ferranti claim significant savings especially in throughput time, 

delivery maintenance and certain setting times. They have had consider- 

able success with NG cells and have tied this in with their work on 

computer-aided design and computer controlled inspection. 

  

The G.!. project undertaken by Alfred Mexbert Lid., is remarkable 

for its megnitude and the amount of resources used in the englysis. 

The company produces a range of machine tools. In excess of 

70,000 drawings were classified using @ modified version of the Opitz 
  

coke. fhe analysig aims to resiah+ 1050 machine tools over 44 cells in 

2 plants. By July 1973 ten cells ha Begwick     up at th 

works.



  

The aims of the project are to reduce maximum lead time from 18 

months to 6 months, to reduce stocks and work in progress, improve 

production methods and reduce batch sizes (59). The analysis was based 

on coding and classifying the whole component spectrum using data 

processing to form families and development of cells to produce individual 

families of components. 

The objectives have been met by the cells set up to date. Through— 

put time reductions ranging from 92 to 83% and work in progress redus~ 

tions of 92% to 72% have been ebetad. (59). 

Perrins (60) gives a list of the effort involved in the analysis. 

The total work done in coding, analysis and detailed development, including 

planning and jig and tool effort, leading to the first four cells is stom 

to be four man years with a further nine man months to physically set up 

the first four cells, including the coding of 38287 components, 

The input requirement is shown as 1311 man days costing £17,727 for 

the first four cells where the initial analysis cost is spread over 23 

cells. The cost per cell cen approximately be stated as 24,000 to 

£5,000. Against this sheuld be weighed the potential financial benefits 

which are quoted as ranging from £75,788 to £168,900 per year per cell G ) 

for four cells developed. The cost figure does not 

  

cost, 

  

From an analysis point of view, this project is worth invest 

and the key factors can be listed as follow 

  

- The company used extermeal consultants to guide the work and 
supply some of the labour. 

2d on @ sampie. The total com 
ssified and analysed, but specific areas 

ed study using Pareto principles. 

  

~ The analysis was not ba: 

spectrum coded, c 
were selected for detail 

    

      

ie 
    

  

   
is production flow analysis techniq 

is was stated as follow 
- During the analy 

used and the sequence of analys 

    

a Usage of value analysis. 
(This is a misnomer and refers to using a Pareto analysis to 
identify areas of initial attack). 

ae Component coding. 

3. Selection of potential families. 

4. Selection of actual machines. - 

ane Analysia of machine sequences. 

6. fool analysis. 

ia Simulation of results. 

8. Installation. 

ae



  It must be concludsr 

  

t the effort involved in such an analysis 

  

is quite complex and requi. 4 considerable amount of initial work and 

available data. 

Many companies may well not be prepared to put in this kind of 

effort on a speculative basis. There is considerable virtue in-a 

sample atialysis ag proposed by Burbidge (62) and hornley (18) +o out 

the initial work effort and get a good appreciation of the component 

spectrum as a whole at a relatively low cost. 

It is claimed thet for a ‘company making a complex part with a high 

number of piece parts in low quantities the principle of fixed batch 

size ordering may be preferable to Period Batch Control which is generally 

associated with GT. The possibility of a hybrid system is suggested by 

Craven (63). 

(VIII) _MATERR AND PLATT UTD. , MANCHESTER 

In 1968 Mether and Platt Ltd., divisionalised their company and 

one particular section, the Power Division, producing centrifugal pwips 

and rotating electrical machinery, with its main plant in Manchester, 

decided to pursue the concept of G.T. in conjunction with UMIS? staff. 

The key project stages involved were (64) :- 

Setting up a component classification system. 

Plans for a re~organisation of the machine shop on G.f. lines. 

The development of an assembly flow line, 

The introduction of a computer aided production control system. 

The component spectrum analysed eoverew) seomponents true 

mately 100 ma to 600 mm dia 
Yhe coding 
the cons < 

a be applied. The bias of 

rotational parts was useful in this applica 

   

    

   

  

    
The re-organisation of the shop was planned into 10 cells to be 

set up over 18 months and this was completed by early 1970. 

The following observations have been made by Cauldwell in relation 

to this project (65) :- 

   

- the initial study into available machine tools and utilisation 

replaced about one third of ali machines by a number of modern 

ones. 

- the G.T. layout and machine tool rationalisation allowed a 

25% Lloor space reduction. 

~ in the process ef the ce-organisetion 2 number of machines 

had to be telocated several times to allow the plan to be met 

with minimum disruption. 

22



- 4 computerised production control system had to be applied to 
relate the production commitment to available capacity. The 
print-out offers details on the current position ef each order, 
the forward load on each work centre within each cell and e 
loading list in sequential order tor each work centre. A 
proprietary production control package was used. This system 
was initially tried out on a trial basis in one cell only. 

     

  

  

Major benefits have been achieved which can be summarised és 

- 257 machine shop area reduction. 

- reduction in material movement. 

~  xeduced indirect labour, »\ 

% 

% 
- simplified supervision. ey 

- inereased quality responsibility by supervision. 

- reduced supervisory staff. 

~ improved communication. 

- better documentation and information levels. 

~ availability of forward load assessment. = 

- improved machine shop quality. 

~ determination of better time standards result ina 
bettex system of incentive payment and better production 
control. 

  

- improved stock turn--over and reduced work in progi 

  

- improvement of delivery. 

+ dncreased productivity. 

00. LID,     

    Relatively little published 

application and its main interest to th thesis lies in the fact that 

it is an application in an environment very similar to that at Wildt 

Mellor Bromley Ltd. 

The company produces a range of large circular knitting machin 

  

which are complex assemblies of possibly up to 4000 conipon 

  

It is claimed thet Bl-Essawy did some of his Ph.D. work on 

    component flow analysis with this company Gad. 

Stibbe recently opened a new plant of 162,000 sq. ft area in 

Leicester (66) due to employ about 750 people. Flowline preduction 

techniques have been introduced into this plent. Material is stored 

at one evd of the plant and components are fed from the material 

storage area through cells into a finished part buffer. Sub-assembly 

eells draw from this buffer and are geographically arranged along en 

assembly flow line which they feed. 
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Whilst this is no doubt 2 cell system, Stibbe have not developed 

the G.T. concept of manufacture as far as one might have expected. A 

number of restrictions became apparent during the discussion at an 

1.Prod.B. meeting at Stibbe during summer 1973 (67). Stibbe do not 

in fact intend to make full use of G.T. and have decided to ignore such 

factors as balanced flow lines and floating labour. Their shop consists 

of s number of cells aimed to reduce handling and throughput time. 

A small amount of material flow between cells will be permitted and a 

conventional inventory control system will be applied. 

It is possible that these restrictions are the natural outcome of 

their analysis technique, namely component flow analysis which inheremtly 

does nothing more than group parts of similar flows,allowing the grouping 

of machines in close proximity to comply with these recognised flow 

patterns. The technique does not provide for geometrical grouping 

and consequent tooling rationalisation, 

Furthermore Stibbe have not attempted to develop. the "Total 

Concept" of G.T. and have confined it to lay-out rationalisation and 

supervisory management improvement, 

G CO. LTD. 
This example is primarily quoted because it applies the techniques 

  

of G.T, outside the metal cutting industry. The project relates to a 

company producing thermo-plastic components employing about 450 people. 

A product analysis showed that a range of shapes were produced 

which made the use of Opitz type codesunsuitable. Production Flow 

Analysis (PFA) was therefore used as the analysis tool and twelve 

months of despatches were analysed accordingly. 

Production flow data was punched on to cards which were sorted 

using a standard punched card sorter producing tabulations 

a) in process route order. 

bd) | in anmal-volum tched order, 

  

Bight "production flow analysis" lines were developed from the 

PFA work. 

Gallagher, Grayson, Collier and Moore (68) conclude that PFA is 

invaluable in an analysis of this kind where component size and shape 

are of secondary importances but agree that the problem with this 

technique is that the basic data required is often not available, 

unsuitable or unreliable and always changing. 
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RO. LED, 

In 1962 the Walker, Crossweller Co. Ltd., decided to rationalise 

its manufacturing system to reduce stocks and work in progress. 

‘The result was a change-over to the cel] system of manufacture (69). 

Classification was not based on parts coding but on a Pareto analysis, 

The annual usage valve of all parts was estimated and a typical Pareto 

distrimtion was found. A system of selective stock control was 

introduced end an analysis of 'A' items (highest usage value) showed 2 

marked similerity amongst many of them which led towards family formation 

for ¢.T. 
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    2.3 CLASSIFICATION 
2.3.1. INTRODUCTION 

CODING 
  

The starting point in any G.{. analysis is generally classification 

and coding. 

One defination of GT. states (70):- 

F "Group technology defines a production method which involves the 
grouping of manufactured components in accordance with those 
features that affect their design and manufacture” - 

In most companies the numbet and variation of parts is such that 

some kind of formalised coding system is necessary to form a base for 

data processing to assist at least in the initial rough splitting of 

parts into more manageable major families. 

Whilst for this purpose simple systems such as those suggested by 

Williamson (71)or Demyanyuk (23) are probably quite adequate, classifica 

tion and coding is by many G.T. workers considered to be far wider 

reaching. Notably the work done at TH Aachen demonstrates that classifica- 

tion and coding can become a key aspect of overall company operations, 

providing the necessary data base required to analyse the whole range of 

company activities is established. 

There is of course nothing new about the coneept of classification 

  

end coding, and such specialist consultanc as Brisch & Partners have 

  

offered such systems for design retrieval and stock control for many 

years now. 

With the growing development in G.T. ¢ 

  

i the consequent need to 

classify, classification and coding has had increasing publicity over 

the last ten years or so. 

  

Two reasons seem to point to this interest of GT. w 

classification and coding as well as with design retrieval. 

     a) The use of classification and coding systema in G.'. an 
has led to the use of the compiled data in the ign area, 
where it has been found exceedingly useful. Onee the eoding 
work has been undertaken and a file of coded has been 
established, it is a simple matter to run off a design 
retrieval catalogue, 

      

  

    ») In many cases the proposal to code all drawings before a 
G.". analysis can be completed, hes led to icceptencse 
problems of the whole G.7. project. it is therefore cften 
useful to "sell" design retrieval to the Board as a, seperate 
but related project which yields considereble savings in 
itself end provides as an additional feature the necessary 

data base for the G.T. analysis. 

   

  

There is no doubt that companies such as Ferranti, who already 

     

    

used the Brisch system of coding found this 

      
    ck Audeo sterted theiz ’ project   

» code to their product before atten 

    

tems desim,. 
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Hosang (14) discusses the need for cluesification and states:— 

The absence of a totel picture and an ordered system for the 
whole plant has the following disadvantages, specifically for 
the desizn office and the process planning department:— 

- one repeats in total or in part woxk which was done previously, 
and, worse still, one accepts unsuitable and bad records and 
designs from the past because no opportunity for comparison is 
evailable. ee 

- one repeats work which could have been combined. 

- in the end one inereases indirect labour in the company" 

He further states that no other suitable retrieval method is 

availeble for design, planning, estimating, tool manufacture etcetera. 

Gombinski (72) quotes the financial potential of classification 

and coding:= 

"In a drawing office with.an output of say 5000 drawings per annum, 
ul retrieval of existing drawings at a rate of 7~10% of the 

savings in the order of £10-£15,000 pex annum. 
Next to desion ari drafting come costing, ratefixing, operation 

planning and particularly standardisation". 

     

  

Bversham (73) quotes for an average drawing a preparation cost of 

DH150 to 200 (approximately £30 to 40) which aerees roughly with 

  

Gombinski's 

  

ure above. During the discussion of the 3rd symposium 

    for Component Standardis on end Component Family Production at Essen 

(Germany) in 1963 (84), fisures were quoted of 5 to Bo of dvay 

  

ings saved 

    

over the previous year at Werner & Pfleiderer due to the use of a 

classification and coding system. 

More startling still, Ransom (2) quotes that a variety reduction 

of 20% was achieved as a result of a variety reduction exercise made 

  

possible by the use of the classification and coding system. 
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IVES OF CLASSUPICATION AND CODING SYSTEMS 

The objective of classification techniques can be simply stated as:- 

- o bring together like parts - 

The term "Like" is of course subject to definition and must be 

related to the vltimate objectives of the classification project. 

Clearly, different classification techniques are required for, say 

classification of assembly units, for parts to aid product analysis 

or for process analysis. For the former a functional classification 

system of assembly wits may be required, whilst for the analysis of 

production flow a system based on manufacturing processes may be 

needod, 

In G.T. work certain objectives are generally quoted which a 

classification and coding system should fulfil to be suitable as a 

produetion/design data base. These are generally:— 

sation (14) (75) : 
- avoidance of duplication (74) 

- limits 

  

- standard 

g of unnecessary component variety (14) 

  

= reduction of disadvantages of the necessary variety (14) 

- feedback production-iesign (14) 

- setting up of work records for the sta: disation of shape 
istics, shape elements as well design shape 

s with consideration of D.1.N. standards (37) 

  

    

  

~- setting up of work records to expand internal standardisation 
and development of design guide lines. 

- inventory control and reduction (75) (76) 

+ value analysis 

- simplify process planning (32) (77) 

- aid the preparation of cheaper and more accurate tenders (32) 

- form 2 basis for investment planning (78) 

~ suitable to allow formation of component families fox 
production purpos ce     
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     223-30 CLASST PTON AND CODING S 

Tne following discussion concentrates ‘on the classifi ion and 

  

coding of manufactured piece-parts, an area which is of particular 

interést to the ,, analysist. 
A wide variety of systems have been recommended by a number of 

workers ranging from the simplest functional grouping recommended by 

Williamson to highly developed and complex techniques some of which 

require a considerable lencaae of data collection, 

A review of the areas to b& considered during code design or 

code selection has been given by Middle, Cormolly and Thornley (79) 

and these can be summarised as follows! = 

- alphabetical systems are useful since each character gives 
up to 26 divisions and easily recognised symbols can be used 
(e.g. S for steel, B for brass). These systems are suitable 
for computer data processing though processing is more costly 
and complex. Mixed alpha-numerical systems are not 
recommended, 

- independent digite! significance is recommended for components 
with like attributes. This makes it possible to recognise 
common component features by simple cede comparison. Tt also 
improves familiarisation and makes data processing simpler. 

  

- A constant number of digits is recommended to reduce errors 
and ease data processing. 

- 2 brief notation should be used to make it easier to memorise 

to code and reduce paperwork, proces = cost etcetera. 

  

- the code terminology must be mutually exclusive, i.e. each 
part must only have one possible code. 

  

  

- the wmigve identif tion for each part does not have to be 
part of the classification system. 

MacConmell (80) specifies the requirements of a classification 

system for G.T. use as follows:— 

a. Geometric definition of external and internal shape. 

be Information on sub-ordinate features such as holes, slots. 

Ce aterial and initial form e.g, bar, forging, casting. 

a. Size-major diameter and overall length, or length, width 
and height. 

He further specifies that the system should be easy to learn, lend 

itself to manipuletion by sorting machines to sort at varying levels 

of complexity and extract specific component features, nov have an 

excessive number of digits i.e. no more than 10. 

Gombinski (72), doubtlessly influenced by his work on the Brisch 

system, specifies the following parameters: ~ 
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ification is best symbolised by codesthat are: 

7) purely numerical 

ii) of wniform length ... 

iit) ade up of a 'Surmame' and a 'Christian namet (e.g. 1234-567) 
or of a 'Surmame', ‘Middle name! and ‘Christian name' (e.g. 
1234-5-678)" 

A number of systems available at present have been described by 

MacConnell (80) and Knight (81). Some of these have found very Limited 

acceptance whilst others are quite widely used. (systems ean generally 

be divided into three types:— 
, 

i) general purpose systems freely available at low cost 
(e.g. Opitz, VU0S0) 

ii) systems based on general principles but teilored to suit 
apecific applications, generally available from specialist 
consultants ({e.¢., Brisch). 

iii) special purpose systems developed for specific applications 
(e.g. UMIST system developed for Reusde)- 

Bearing the above points in mind, a selection of a suitable system 

can often be made from a number of currently available systems, some of 

which are reviewed below. 

(4) TR RUSSIAN 

  

iORK 

The works of Mitrofanov (7) and Ivanov (6) give a good indication 

  

of the early Russian approach to classification. 

It should be born in mind that the Ru: 

the technology improvements rather than flow improvements. gi 

  

an approach to G.T. stresses 

  eo 

tems used do not therefore provide inf tion which 

  

classificat 

  

can be readily used to design flow lines, but do provide all necessary 

data for production methods rationalisation. The aim seems to be to 

define types of components such that common imchining techniques can 

be applied to each type. 

Parts are classified by Mitrofanov according to the following 

paraneters:— 

Geometric form, frequency of processed surfaces, precision and 

finish of processed surfaces, similerity of raw materiel, number of 

parts, process economics. 

Classification takes place over several consecutive stages. 

Ivanov's classification uses the following stages:- 

i) dy type of equipment (Auto, capstan, miller etcetera) 

ia) by geometric shape 

435) by design and operation 
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iv) by similarity of equipr 

  

ling etcetere. 

The details of family formation are not fully described, but 

coding is not always used and classification often seems to take place 

by a veview of design and process planning data. The same part can 

be classified several times under different processes. 

More recent involvement in G.T. in Russia has considered the 

organisational requirements of G. @. toe greater extent. Petrov 

(19) has reviewed early Russian G.7. and found many short-comings in 

the organisation of existing cells and the formation of families, 

Not surprisingly more formalised dizital classification systems have 

now been developed such as theNIITASH system (81) which applies 

numecical fisures to deseriptive titles of component types to allow 

machine processing of the data. Additional date, such as material, 

machined surface relationships, weight, and secondary design features 

can be included in this code. . 

fhe VETI Code (81) is another digital code developed for C.1. 

applications. This code defines a part by geometry and manufacturing 

features and marks a considerable deviation from the principles leid 

down by Mitrofanov. 

Furthsr develcpments led to the Litmo system, claimed to be 

similar to the VUOSO system (81) and thus more of a geometric shape 

coding system in the West European style. 

   (41) EARLY WEST BUROPEAN DE    

By the early to middle 60's G.T. was developed by a number of 

companies in Burope and examples were quoted in the press in February 

1964 (82). 

The case of two German lathe manufacturers was quoted, namely 

Pittler and Gildemeister. Both comparfies used classification systems 

put based on different concepts. 

(iii) GE OPTEZ copE 

Extensive research was undertaken at TH Aachen under Professor 

Opitz in the early 60's on a geometric genexal purpose coding system 

with the aim of establishing one universal system which could be 

‘applied by any machinery builder with little or no modification. 

The code was developed as part of a survey of machine tool requirements 

     in relation to machinery parts used in a number of W 

  

companies. Te basic structure of the coding systems was



  

in 1964 (15) «nd the completed code was described at a Gen 

symposium in Essen, Germany dering October 1965 (83). ‘This code 

has been marginally changed since then and is now available in book 

form (16) (Pig. 1 FB ena 29). 

It is claimed by Opitz (83) that his code forms a compromise 

solution which is suitable for design, production engineering and 

manufacture. He further claims that short-comings of earlier 

systems were that they were aimed at one of these areas only, that 

the choice of descriptive charaoteriutios was not detailed enough 

ox that they did not have a fixed code format, and were therefore not 

suitable for machine data processing. The system was developed from 

experience gained from projects into components statistics which 

demonstrated that there is no wide difference in component shape 

distribution across the general metal-working industry. A number 

of draft systems were tested in industry, until the current system . 

Was evolved. 

The ink 

  

ent logic of the system is explained by Howarth (84) 

who points out that the code describes components to a degree of 

definition which is related to the frequency oceurance of the 

component type in the total component s trum (which is based on 

  

            
   

/ 

t geonetry code follow 

   Each digit has one broad 

n for a1] cla 

      of rotational and non- 

end digit - 

  

3rd digit - Rotational surface 

    

Ath digit - Plan e@ machining 

   “ 

  

; gear teeth, forming 

  

ist digit - Dimension (diameter or longest edze length) 

énd digit ~ Material 7 

3rd digit - Initiel form of raw material (bar, sheet, casting ete.) 

4th digit + Acouracy 

    

  

    eonsistencies in order to obtain the re are some 

  

for exch class of component.



     Yor exampiz, for rotational parts (cless 0, 1, 2) the external shape 

ig @escribed under digit 2 and the internal shape is described under 

digit 3. For rotational parts with déviation (class 3 & 4) digit 2 

deseribes the overall shape whilst digit 3 describes external and 

internal shape. However, by adhering to the principle of allocating 

specific digits to specific features throughout the code, it is 

yelatively easy tv learn the main features and recomise the signif- 

ieance of a part' code withoyt oo much difficulty. 

Thus a part of code 25325/2400 can he recognised immediately as 

a shaft requiring extermal and internal turning, as well as some 

milling end drilling. A check on the size code will specify the 

-fWachine sizes likely to be required and without checking the drawing 

or planning,a fair indication of the type of machinery required to 

make this type of part can be obtained. It is features like this 

which make the code suitable for G.T. anaiysis work. Whilst aj.1-the 

information required for coding can be obtained from an engineering 

drawing, the code is closely enough related to production requirement 

to enable its use for preliminary sorting into component families for 

GP. investisations. "A further useitel feature lies in the layout of 

  

the informeticon wh: as a general rule it hat within 

  

   
any one digit inor ing digit value re sents increasing parts 

  

complexity. ) 

  

an ineonsistancy seems to be in the i ion of the raw mati    
erally « functional feature but a 

  

shape digit since this is not 

  

production feature. Opitz, when pressed on s point et a GT. 

conference (74) adnitted that this feature of the code had been 

  

ineluded at a specific reauest from industry. 

"One important feature of the Opitz code is the independ 

  

   individual digits within each major group., Thus considering rotational 

    parts (class 0, 1 & 2) subsequent digits have the same meaning for each 

of these classes, and the code is particularly convenient for use with 

card sorting technigyes to sort on specific component features (e.¢. 

gears). “Not all codes have this characteristic and on some systems 

(e.g. Brisch syste) subsequent digit layouts are different for each 

component class. I+ is therefore possible to specify component 

features in the form of a code number field (Fig 6) fox computer or 

piles aching sorting techniques. ; 4 

It is claimed by Grtssler (36) that the system fulfille the 

major codings reqiiremente for most devartients, is clearly structured,    

easy to use and ca ien, standards department, 

  

be applied 2 

  

    production en, eering and man 
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tem ax 

  

festing this sys ations 

  

inet the list of important conside 

stated in the introduction, the followin observations can be made:~ 

-- the code is purely numerical and does not use the increased 
classification facility available within alphabetic systems. 

- the code predominantly maintains digital significance within 
each of its major classification areas i.e. rotational, 
rotational with deviation and non-rotational parts. 

~ a constant number of digits is employed. 

- with 9 digits a reasonable code length is used, and the split 
~ into main classes and use of digital significance makes it 

relatively easy to memorise. : 

- the code notation breaks parts up into clearly distinct 
classes and generally will probably allow parts to fall 
into one code only. 

i a unique component identification is not part of the system. 

Howarth is quoted (47) as having decided that 

"the Opitz system ig preferable to the Brisch system in the 
field of machined components, both in the design and production 
departments". 

The a: 

digitel si 

Since in « total G.T. concept the code chosen would be used for 

  

ant is based mainly on the layout of the code and its 

  

nificance feature. 

  

       design retrieval as well as cell formation, it is necessary to examine 

the usefulness of the Opitz code for design retrieval purposes bearing 

in mind that it was not initially developed for thia purpose. 

Opitz claims (83) that a suitable compromise can be found in 

designing a classification system for the use in design, planning and 

production and maintains that his system fulfills this function. 

His study on work piece statistics (83) made it possible to desig a 

    general purpose coding system which should be suitable in most ine 

pbuilding industries and fulfil the requirements of design, planning and 

production. 

F ie Bawards and Fetheldin (84) heve investigated the Brisch system 

and the Opitz system and have drawn the following conclusions relating 

to the Opitz code:— 

- the Opitz system is most applicable to the machine tool industry. 

- families formed are too general at times and too specific at 

others. 

      

   

~- the Opitz system is not equally applicable in ail departments. 

  

né 
ection of similer 

  

‘tain inetances U 4 would 
s cade too coarsely to 

  

   



- the system was of some value for collecting items w: 

features in common. 

  

(h certain 

Whilst Edwards and Fatheldin are highly critical of the Opitz 

system, it has found good acceptance amongst G.T. workers and is 

recommended for design retrieval. The writer believes that the 

following features may have contributed to this state of affairs and 

make the system acceptable as a classification and coding system for 

company-wide use and specifically for design retrieval. 

a) The coding system is readily obtainable from any bookshop 
ané does not need consultants for implementation beyond 
possibly attendance at a coding course for two or three 
days by one or two staff members. 

b) ‘The system is simple to learn and is eety understood by 
personnel in all departments. 

c) The code is closely production related and mikes designers 
production-conscious. Since generally the value of the 
code within each digit is a remiesticn of the manufacturing 
effort, designers can be encouraged to look for ways of 
reducing code numbers and hence manufacturing costs. 

a) The length of the code (9 digits) forms a goo@ compromise 

between acceptability end usefulness. 

e) The consistant code significance within the three nain 
ith deviation, non-rotatio ) 

earn the code and memorise the most used digits, 
       

   
   

   
ces the code becomes 
more complex parts it 

z parts with the same code. 

This is in fact less of a problem than one mis since 
most duplication is lik to take place among i parts 
and most of the complex 
complex requ. mts which are unlikely to be duplica 
There is therefore less need for accurate design retrieval amongst 
complex parts than amongst simple parts. 
fwo further points support this argument: 

ylex parts of a design Well 

rue that for complex work— 
ly deseriptive and amongs 

is possible to find widely differing 

  

      

   
   

      

       
   

    

  

    
   difficulty. It is amo: 

the majority of duplica 

exist. 
Whilst the apparent cost of manufacture ig highest for the complex 
parts, the saving in rationalising the range of simpler parts can 

still be quite substantial, simole parts often require the same 
amount of paper work and administrative back-up as a complex part 
and 2 variety reduction amongst simpler parts may not yield high 

savings in direct cost but may greatly reduce overloadse 

      

  

% the vast er of simpler parts 
ms and near duplications are lik 

   

  

g) ‘The cost of implementing a design retrieval code by specialist 
consultants can be quite eee The Opite system can be 
implemented by the company's own staff using, say, apprentices 
for the coding work, and most of ioe costs would be ost 
within the a rene overt 

      
         

  

  

  

3 would be removed,     
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(iv) THB BRISCH cops 

T§ince well before development of the Opitz code, classification 

codes for standardisation, stores control and design retrieval wexe 

already in existence. Probably the best known one of this country 

is the Bristh Code. This code was developed within B.C. Brisch & 

Partners Lid., initially as a design retrieval code in the late 1940's. 

With the advent of G. De in Western Burope the code was expanded to 

take account of the specific needs of the G.T. analyst and now has the 

following features (5): 

The code is designed to suit the requirements of 2 particular 

plant and no universal system as such exists. The code is made up of 

two sections; firstly the primary Code (Monocode) followed by a 

secondary code (Polycode). 

The Monocode deseribes the geometry and materiel on @ broad basis ~ 

over Gy oicalig 6 digits. The Polycode which was specifically designed 

for G.T. describes certain of the geometric features (e.g. size) in 

greater detail and lists certain detail wes which are not specified    

  

in the Monocode. It is up to the code ecify the required 

ure (5) shows a code 

  

number of digits and the example in the 

consisting of an 8 digit Monocode and a1/ digit Polycods (figure 7). 

    

The Monocode is split into a ‘Surname! Setislon the famil   

code or material code) and a ‘Christian neme' defining a sr 

within « family. 

Most users of the Brisch code have installed it for desigx       
purposes and the following observations are based on a visit 

: who installed the     writer to A.A. Jones & Shipman Ltd., leices 

  

system in the early sixties. 

The system is split inherently into three sections: 

Glass 4:- sth.     
qroooraok 

the first five digits are known as the Christi 
neme conta ag the material specification end the 
last four digits form a wmiaue identifier, further 
defining the material in cuestion, 

  

      

Class 2:-. bought 
this clas 
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These two classes are built 

  

ut on 4 simple catalogue bas 

unlike the Dewey Decimal Coding used in libraries. 

Class 3:- single piece parts to own design. 

This class which uses an eiaht digit code (3xxcx-xxx) is that part 

of the system which is most applicable to G.%. end most comparable with 

the Opitz code. 

The first five digits déesexibe the component geometry. The sixth 

digit can either be a further classifier or together with the last two 

digits form a simple sequential counter acting as 2 unique identifier. 

Bach code therefore identifies a part by number and the code is also 

used as a part number in the normal sense. 

A part is coded by sequential questioning on a pyramid basis and 

by progressive decision making the final code is developed. 

Middle (47) quotes an example demonstrating the lack of digital 

significance where two parte of identical shape, but different materials 

have got different codes. In, say, the Opitz code only the material 

code would be different ani the remainder of the code would remain 

identical, 

Contrasting the Opitz code with the popular Brisch code, Middle 

further states that the Opitz system sives far fewer sevarate categories 

end will therefore bring like parts together whilst the Brisch code will 

tend to disperse them. He concludes that the purpose of the Opitz code 

  

is to bring like parts together irrespective of the number of i 

  

each category whilst the Brisch code aims to break down items into 

approximately similar sized groups for ease of manual sorting, 

It should be remembered that the Brisch code is to some degree 

tailor-made for each application. It is therefore likely that if a 

G.T. requirement is specified initially, the Brisch code could be 

tailored to give more of a production bias. Also it is more flexible 

than the Opitz system end even though Opitz claims a close correlation 

of component statistics throughout the engineering industries, there 

must be a number of special product firms with a strong bias towards 

  

specific component features which make a standard system less suitable 

than ea tailor-made one. 3 

It is claimed that the Brisch code can be adapted for other 

purposes such as ¢.%. by coding a secondary "polycode” with digital 2 

  

significance over any number of digits. This type of cade would 

  

hovgever add considerably to the coding cost and the code elf would 

become long and unwie 

 



It appears that the Brisch code, which was in existence before 

the general popularity of G.T., was devised ag 2 design retrieval code 

in its primary (mono) code and that the secondary (poly) code was added 

to extend the use of the code into other areas such as G7. (5). This 

is confixmed by Gombinski (86) who states quite categoricaily that the 

Brisch mono code is not suitable for G.T. work. He concludes however 

that no existing design retrieval. code in suitable for this purpose and 

proposes the use of two oeaes, namely 2 D.0. (design orientated) and a 

P.0. (nroduction orientated) code. 

As a design retrieval aid the Brisch code has found wide acceptance, 

and Edwards (11) quotes a number of companies as users. In particular 

the G.T, appli 

the Brisch system. 

Relating to the long dispute of Brisch versus Opitz which has 

2tion at Serck Audeo benefited greatly from the use of 
    

taken place for some years now it should be noted that both systems 

have been found geceptable by users and it is probably more important 

to analyse methods of using the available information rather than spend 

too much effort in deciding which system is the more suitable one for 

the project concemed. Either system appears to be suitable in most 

  

general engineering shops. 

(v) omer sy. 
A number of of] 

    

r systems have been developed to date in different 

  

coumtries and for different a: Some of these are specialist 

     codes whilst ott: 

de 

rs are claimed to eral purpose codes. A 

  ailed analysis of all thes 

  

2 Major research 

  

generally cannot be justified by a compeny wishing to embar! 

   project. There are summary reviews of coding systems available which 

priefly review alternative systems and can act as en initial selector 

  

of Pao aLy. suitable sys Be The potential user is likely to make 

  

his final choice from a smaji number of systems which are studied in   

  

some more detail before a final selection is ma Systems deserip- 

tions are well covered in the literature and the following is a very 

brief list with some explanatory notes on a number of systems on which 

details have been published. 

(a)_yoos0 

  

sitz lines, initially for use on 

    

four digits only and 

 



therefore more limited in definition than the Opitz system. Since 

the Opitz system is probably too elaborate for G.f, cell analysis (88) 

the VU0SO system may well be suitable for thie purpose, but ig unlikely 

to be sufficiently detailed for the wider concepts of design retrieval, 

standardisation etcetera (Pig 8). 

b P.B.RA. System (80) (8: 10, 

  

The PERA system is a very complex system giving very detailed 

component data in multi-digit free-format form. 

The code is applied in two parts; firstly 2 general statement 

giving a very general indication of the complexity and material of the 

path followed by a detailed section describing the vart in terms of 

Cartesian co-ordinates and thus describing the component in great detail. 

Coding is very similar to preparing a source deck in computerised NC 

programming. It is hard to see the general usefulmess of such a system. 

The complexity would require considerable skill and computing effort to 

analyse specific features. The coding itself would be expensive (Fig 9). 

(ce) _?.G.M. System 

  

  

Developed by industrial consultants in Sweden, the PGM system is 

claimed to be particularly useful for finding prod: 

    

   

An aver: of 16 digits is used (91), 

  

the code is split into ro 

  

ional surfaces, flat 

   

  

supplementary informati etcete: The number 

of digits involved alloy 

   

ination, but no doubt 

  

this is accompanied by greater coding cust and more difficult retrieval. 

The code is however variable and Knight quot 

    

only ten digits and being very similar to the 

  

more bias tor ction engineeriny (81). 

  

ds produ 

{4)__ Williamson System (71) 

  

Williamson's system is hardly a system as such but is simply a 

functional 2 digit code which can be used to roughly split parts into 

families. Its use is restricted to cell design arid probably only to 

products with clearly defined component families. 

(e) Stuttgart System (81) (40) 

A production based sj 3 developed at Stuttgart University    
which may be suitable for 

 



classification for G.T. applications. The code is unsuiteble for 

design retrieval purposes. 

(4) __D.D.R. Standard (92 

The DDR Standard consists of a complex punched-card-based system 

utilising 72 columns on punched cards to record detailed data such as 

component identification, company organisational features, demand, 

geometry, material, sive, raw material shape etcetera, The information 

provided is very comprehensive and must be very useful in the G.T, 

analysis. It is doubtful however,if the cost of recording and processing 

this extent of data can be justified economically. Theve is possibly, 

similar to the PERA system, a desire to dispense with the engineering 

drawing for analysis purposes. 2% is the writer's opinion however 

that there is no economic substitute for an engineering drawing. 

Once approximate families have been devised, the total number of parts 

in % family is normally smal] enough to allow a quick visual check for 

any excentions. Similarly from a retrieval point, a maximum of informa~ 

tion appears to be desirable but. in actual fact a designer still has 

to cheek similar parts by drawing comparison to ensure full compatab- 

ility of features. 

fg) __the ZAFO sy: 

  

Zimmernann developed a system based on geometric comparison and which 

is of considerable complexity. It relies partially on visulax comparison 

  

  

  

between the part to be coded ami a chart of typical component ske el 

    

A total of 20 digits are used to describe a comp 

makes the code complex and difficult to handle. It requires reference 

ts to fully classify a part (81) ana   to up to thirty tables and c! 

  

the coding cost would be very high. 

h TAMA. System 

The I.A.MeA. system was devised by the Institute for Machine Tools 

and Tooling at Belgrade. 

It is devised in two parts: - 

i) a-teclmological classification system. - 

ii) a classification system of technological equipment. 

System (i) is important from G.'l, point of view. Tt has eight 

digits and apart from an exchange of digitel significance it is aimost 

identical to the Opitz system (93).



(i) _U.M. 1.8.1. System developed for Fezodo 

  

Mention is made of this system to indicate how it is sometimes 

necessary to develop a specific classification and coding system for 

a particular company, where, because of pecularities of the product 

range, general purpose coding systems may not be suitable. 

As indicated earlier in this report, Ferodo make friction materials 

and in particularly brake linings. Understandably the component shape 

range bears no relationship to those found in the metalworking industry 

end a specific system was developed. ; 

Middle, Connolly and Thornley (79) give 2 good description of this 

system which has the following features (Fig 10):~ 

- a unique identifier was used in the form of a meaningless 
sequential counter. 

- @ classification code is used in three parts each of vhich 
can stand independently in its own right. These are:- 

a) Product group type and characteristic code describing fumction 
and main manufacturing features. 

b) Shape end size code describing the component geometry (Pig 41) 

  

   

   

1 code giving z 
e grouping of 
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2.3.4. DESIGN RBTRIB 

  

  

Generally in design retrieval work it is necessary to find 

geometrically similar parts. A typical example occurs almost daily 

in most design offices, where a designer wants to use a part which may 

og may not already be in existence. In most companies only memory 

will help in this problem and this is notoriously inaccurate. Where 

a geometrically based classification and coding system is used, this 

problem becomes easy. The designer possibly sketches his part and 

codes it (ot hes it coded dependent on the prevailing system). From, 

say, a catalogue he then checks for parts with-a similar or identical 

code and sees if one of these parts is suitable for his purposes. 

Certain problems exist here. One particular one is the required 

complexity of the system. There exists here a conflict situation. 

From an effort and organi    sational point of view, a simple system of 

few digits is desirable, whilst for depth of retrieval ea complex 

system with a great number of digits seems desizable. Opitz (94) 

demonstrates the relationship end states that with increase of codi 

  

digits, the coding costs increase and the ease of handling is lost. 

Only little is gained from this increase in complexity. 

He states:- 

“A component classification which is really introduc 
60% level ani which indeed functions in the various 
application, brings greater benefits than a polished ¢: 
tion system which remains a ple # concept". 

         

  

  

sifica~ 

  

    

A further problem quoted by users (95) lies in the retrieval 

effort itself, 

Tt is quoted that designers may have to go through a nuwaber of draw. 

  

to check for feature similarity once code similerity has been established. 

Hosang (44) suggests that the retrieval is handled by a central office 

which offers a service to the design office. This is supported by a 

user (95) who states that in his company the designer passes his design 

to the centrel coding office who xeturn it with their recommendation. 

Companies are aware of these problems and at times classification 

and coding systems are coupled with micro fin systems of drawing 

storage and retrieval to speed up the drawing retrieval process (34). 

The Brisch system is generally coupled with a drawing "catalogue" 

where copies of all drawings are reduced to a small standend “book” 

and }     pt in 

  

ilies for easy search and handling.



One of the pre-requisites for a successful variety—reduction 

programme is the availability of a suitable classification and coding 

system based on the coding of geometric features (96) (15). 

Certain codes such as the Brisch code and the Opitz code are 

claimed to be suitable for these purposes. Mention is made by the 

workers of T.H. Aachen relating to variety reduction (14) (15) and 

this is generally based on the Opitz system of coding and classifica 

tion. om 
Two ways of variety neduotion are possible. 

@) continuous 

b) individual projects. 

The continuous variety reduction effort is a result of using a 

design retrieval system to ensure that new parts are not drawn up as 

duplications of existing items. This is @ continuous effort once a 

design retrieval catalogue has been established. Naturally, if a 

trained individual or @ central office is charged with the responsib— 

ility for vetting all new drawings, then better results are achieved 

  

than when the individvel designers' init ive is relied on,     

  

The special project method of variety reduction results from a 

critical examination of the design retrieval catelogue. Certain 

  

features such as, gears, threads, gro 8 or specific parts such as    

  

pins, washers, shafts, castings, can be extracted by selection of 

suitably coded parts, and by listing the parts affected, a special 

feature list is set up which can be retionalised to reduce the current 

  

variety. Typical tables of this kind are shown in the references 

(37) (32) (17). 
There can be little doubt that variety reduction can in many 

cases be a useful exercise which in itself often justifies the setting 

up and running of the retrieval system, 

44



    

of Analysis 

It would be useful if it were possible to read up a standard 

approach to G.T, analysis and proceed on a standard path to a cell. 

system. Unfortunately &.1. is not as simple as this. There is no 

standard method of analysis which suits ell requirements and any 

company going into this field has to review its own situation and 

decide which approach will give the desired results with an accept— 

able josd of work input. A nunber of factors decide the choice of 

analysis tools, such as: 

v(a) type of product 

-(») product mix 

(c) size of company 

(4)  stabjlity of sales mix 

(e) objectives of the project 

(f) skills available in the plant 

(2) quality of evailable data 

- drawings 

~~ precess planning data 

- operation times 

  

- production plan 

(n) nanufacturing processes used    
(j) available machine tools 

(x) 
(i) engineering resources which can be mede available to the 

project 

  

   

  

(in) capital avail 

(n) class of labour available 

(0) extent of G.T. involvement planned 

  

(p) labour relations 

The list shows that a number of factors have to be weighed up end 

a rational approach of analysis cen be used by apvlying a number of 

analysis tools, some cf which ave closely linked with ¢.7. CoBe 

classificztion and coding) whilst others may be just general techniques 

such as flow process charts or activity saimling. i 

Certain fundamentals of analysis ean however be specified to 

which the detailed techniques can be attached to provide a rational, 

approach, 

The basic objective of a G.T. preject mast by 

 



splitting of components into families of similar parts and forming 

manufacturing cells to produce these families of parts, where the 

cells may be single machines, sroups of machines or flow lines. 

Bdwards (74) lays down the fundamentel steps involved in this 

analysis as follows: 

"Stage 1: The analysis of components 

Stage 2: The rough determination of machine groups 

Stage 4; The assessment of component demand 

Stage 5: The labour requirement balanced with machine utilisation 

Stage 6: Planning the work programme within the group, plus incen- 
tives, plus foremanship" 

As a framework of G.?. analysis it is hardly possible to fault 

‘this list and if the above stages are clearly kept in mind, each stage 

can be planned independently to suit the reouirements of the company 

concerned. Thornley (18) fully endorses the above approach (Fiz 12) 

  

but adds some useful refinements such as the use of sampling te ques 

to cut the work involved. We also stresses the need to look at "the 

overall groups technolozy concept" i.e. bear in mind the overall system 

at all times. It is easy to get side tracked into developing one cell 

to the exclusion of the ove 

  

11 coneept, leading to very limited 

achievements in t 

It is 

| The first stage must be some kind of classification whatever form 

  

s of the overall compan 

    

ve 

  

ful at this stage to review the six steps of analysi 

    

this may take. Different methods of classification have been reviewed 
   

  

    

previously and there is no dispute amongst w ers thet classification 

is neces y te parts into families of similar 

Fortunately in most engineering plants there is a good correlation 

between component geometry (including size) and manufact: methods, 

  

so that in most cases a geometrical coding system will provide an 

acceptable basis for G.1. classification. 

1 The next stage involving the initial rough determination of 

machine tools requires thet process planning data is analysed to see 

which machine tools are reauired to produce each family, This ig 

basically @ problem of resource 2llocation. The available machine 

tools have to be split over the families of parts. A useful tool 

is here Production Flow Analysis (P.P.A.) described later in this 

chap 
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Whilst P.F.4. has been offered by Burbidge (97) as an alternative to 

component coding it has been found in practice by many workers that 

both techniques are eoauired, 

PFA can have certain weaknesses when used on its own, but as a secondary 

analysis tool of families formed by classification and coding it can no 

doubt be exceedingly useful. Thornley maintains that both classifica— 

tion of parts and PFA need to be carried out to introduce G.1. 

successfully. At the same time, it must be noted that there are rare 

cases, e.g. xeference (68), in which classification and coding is of 

limited use and PFA does in fact form a more acceptable analysis tool. 

Only a review of the product range and a sample coding exercise will 

prove this situation in any one epplication. At the PFA stage it is 

necessary to review current methods and often the need to rationalise 

and modify production sequences becomes apparent at this stage. 

4 Having split out ronsh groups, the component demand must be 

determined. This may sound easy but in practice this can cause’ 

considerable problems. A company with a well-established product 

of approximately constant mix would find this simple. In many 

companies the forward load is totally dependant on customer whims 

   and only with great difficulty cen 2 proper plan be established. 

A number of workers (20, 98) found it necessary to base their work 

on historical data by analysing the total output over a fixed period 

in the recent past. If this is done, it is important to ensure that 

no bias due to an unusual order pattern or seasonal fluctuations is 

introduced. In general this approach is probably quite safe. 

  

Studies into comronent statistics have demonstrated that the similarity 

of parts throughout the engineering industry is surprisingly similar 

from firm to firm (15, 90, 99). Within any one firm, especially if 

the product range consists of basically similar equipment, this must 

be even more pronounced, so that reasonable veriations in mix can 

probably be accommodated. More important is the level of activity 

(i.e. output). If a false level of output is used es a plaming 

basis, then gross over or under-utilisation of machines can result. 

Stage 5 is initially a simple arithmetical step which will occur 

in every G.T. analysis. Having determined the family, the’ machines 

to produce the family and the expected output level, computation of 

capacity required to meet the output will demonstrate the level of 

machine utilisation likely to be achieved in each cell, 

ay



Labour utilisation may be no problem where floating 

  

involved, but machine utilisation is more difficult to balance. 

Considerable ingenuity may be reauired to master this stage. This 

is no doubt the most difficult part of the analysis and, requires sound 

production engineering knowledge to fully explore all of Y. . sive 

alternatives. 

Stage 6 can be treated as the "tidying up" operation. Once a 

cell has been designed,the management and control systems to support it 

must be designed to ensure that the cell will fumction satisfactorily. 

Supervision and machine loading are the two key sreas which must 

be fully thought out before the first cell can be established. 

PERA (400) define the stages of a G.T. study as 

"Identifying and defining product groups" 

A classification system ie strongly recommended and the choice is 

offered from the following techniques. 

- visual grouping. 

  

- component classification and coding system. 

- process flow analysis. 

Pareto distribution analysis. 

The previous chapter describing G7. applications has shown that 

all of th 

  

technicues have been used successfully and a brief deserip- 

tion of each technique is given later in this chapter with indications 

  

of use,;to aid the selection of the correct tech 

  

ique for any application 

under consideration. 

"Sstabl 

Three basic shape families are quoted:— 

   
shing component families" 

a) identical shape and function. 

»b) identical in shape but differing in function. 

ce) similar in shape. 

In most applications families of type (c) will need to be formed 

to obtain groups of components providing an adequate cell load. 

"Establishing Production Data and Machine Groups" c . 

It is recommended to analyse the tooling at this stage after a 

rough machine load hes been established. Cherts of tooling requirements 

can be drawn up and certain unacceptable components may have to be 

removed from the family. 

  

"Kstablishing the Machine Group" 
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Based on the rough load and the tooling requirements, machines can 

be allocated to the family and tooling layouts must be finalised. 

"Balenced Loading of Machine Groups" 

The machine balancing must be based on historical data and PRA 

suggest that 10 to 1% of the existing times are deducted to allow for 

time improvements in the new system, 

It should be noted however that the PSRA sequence of analysis is 

not necessarily the only sequence, Often it may be preferable to 

balance cells based on existing times before a detailed tooling analysis 

is undertaken, Also, it offers the option to install cells based on 

existing methods and tooling and introduce manufacturing improvements 

after cells have been fully installed. This is’ the approach generally 

put forward by exponents of PFA and reduces the implementation lead 

time. 

fhe argument is fully endorsed by PE consultants (61) who state: 

"Once families of components and groups of machines have been 
identified, and possibly installed, a further or unity is 
presented to the production engineer to provide savings. 

He can consider ways in which both major and minor set 
ups can be speeded up.<e.." 

  

   

  

The G.T. centre recommend the following sequence of analysis (101) 

- classification and coding 

- family formation 

  

form machine groups by simply calculating manufecturing times 
in relation to quantities required for each family. 

examines the manufacturing processes of the components. 

define tooling requirements 

- form manufacturing cells 

They confirm the standard line of approach laid down by various 

other workers, 

A exucial factor in cell design which has hardly been mentioned 

in the literature is the design of the inter-cell flow-pattern which 

determines if a cell can be developed as a flow line or if it will 

have to remain as a loose machine group. Also, this analysis will 

determine the best lay-out for machines in the cell. £ 

’ There are complex approaches available to determine the optimun 

sighting of machines in 2 machine shop using computer models. In a 

cell, especially if it is of a small sizesthis kind of sophistication 
  

is not warranted since distances moved between machines are quite short 
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and handling cost is low. Useful indications of suitable planning 

aids can be gained from standard text books of -out design. 

  

Summarising the work published, the following independent 

analysis stages can be defined in a G.7. project. 

1. 

2. 

ae 
4. 
ae 

6. 

Classification. 

Family formation, — 

Cell formation based én current times and component demand, 

Inter-cell flow analysis. 

Pooling analysis to rationalise manufacturing methods and 
reduce setting time. 

Plan the management services required to support the cells. 
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2.4.2. THE TOTAL SYSTEM 

During 3 G.T. analysis it is most important to always remember 

that one is dealing with a complex manufacturing system. There; is 

little point in attacking only one small area of, say, obviously similar 

parts or a particularly troublesome area. Whilst this may yield a 

quick analysis and a quite satisfactory one within its limitations, ite 

impact on the company as a whole “nay well be negligable. 

Thornley (18) stresses the need for the whole systens approach a 

indicates thet the analyser will have to study all areas of company 

activity to appreciate the changes which will have to be implemented, 

He points out at the seme time that 

"it is... therefore necessary to introduce any system a little 
at a time, but it is equally necessary to have an overall plan” 
for the company". 

Hence it is quite acceptable to use a prototype cell as long as 

it has been developed as an outcome of an overall product analysis and 

as long as it is clearly understood that this forms only the first step 

towards total conversion. 

   
Most companies have certain “obvious" families which can be 

selected by eye,ani there is a considerable temptation to start a G.2. 

project by forming cells around these "obvious" families. This 

invariably leads to problems et a leter stage when components w. 

  

do not veadily fall into such "obvious" families are to be formed into 

  

groups. It is likely that the spread and quantity of these parts is 

auch that they cannot be formed into viable families, whilst a thorough 

analysis duving the initial stages might well have grouped many of 

  

these parts together with the "obvious" families. Similarly classifica~ 

tion by a coded classification system might well have shown that the 

"obvious" families do not in fact form the b 

  

basis for family group- 

ing in any case, 

At this stage it is useful to apply the OSA (Overall Systeme 

Approach) which has been proposed by Malik, Connoily end Sabberwal 

(102). The OAS principles have been stated as follows: 

4. The reduction of the work input (i.e. supply) to each   

production section to a minimum, ideally one supplier. 
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3... The création of as much product (eterizl) group autonomy as 
possible, : 

4. The-comoletion of the highest amount of finished work for 
the least number of sectional (or departmental) visits. 

5. The siting of each section to be geosraphically compuct 
and compatible with other physical constraints. 

6. The splitting of worl i each section into sinple/complox 
types to overcome the problem of extre machinery investment 
and to allow for manufacturing flexibility. 

The above rules imply that in a G7. type project a grouping by 

product is to precede & grouping by component feature and that ideally ~ 

each product would have its owm group of cells or cell sequences, 

This does of course represent the ultimate simplification of 

  

control. Certain problems will arise in practice such 2s changes in 

product mix and the difficulty of forming viable cells for each separate 

proluet gz   oup. No doubt in larser companies the approach can be 

   applied and will result in tremendous improvements of control. AG 

the same time a more involved ena 

two potential proble 

is may be required to overcom:     

  

mentioned.



2.4.3. PRO N FLOW ANALYSTS 

  

PPA was developed by Burbidge in the early 60's (97) as an 

alternative to classification and coding for cell design. 

It is argued by Burbidge and more recently by Edwards (144) that 

geometric coding is not necessarily the best oe to GT. They 

elaim that:- 

a) there may not be a ‘eléar enough link between geometry and 
manufacturing process and 

b) there is already < considerable amount of data available in 
the form of planning sheets, route cards etcetera, which 
reflects the production flow requirements of the components 
within the manufacturing programme of the company concerned. 

The approach of PFA and Bl-Essawy's Component Flow Analysis (CPA) 

(403) uses the existing operation sequences, and marmeal or computerised 

  

data processing sorts components into families of parts having similar 

flow characteristics and also determines the machines required to 

produce each family and the machine capacity involved. 

The aim of PFA is "to find the simplest possible material flow 

system" (26) and "seeks to eliminate all unnecessary routes, or material 

flow paths, in order to find the simplest material flow system". 

The analysis progresses over three st: 

  

Ve Factory Flow Analysis. 

2. Group Anglysis. 

3. Line Analysis. 

The factory flow analysis looks at the plant flow pattern in 

overall departmental flow only by dividing the plant into 

  

lajor depart~ 

  

ments,using the argument that components are made by fundanentally 

different processes requiring different types of plant. 

A "basic flow chart" (Fig 13) is d@rawn up identifying the flow 

of material between major departments, These are nambered and for all 

parts the sequence of departments visited is recorded by noting 

sequentically the numbers of departments visited, The "Proce Route 

  

Number" thug formed is the besis of analysis to find the parte following 

the same route. By coneentrating into fitting all parts into the high 

frequency flow patterns, the basic flow chart can be simplified (Pig 14) 

to minimise the number of flows and arrange siting of departments in 

  

onal mar 

  

er, 

tment in tum to discover 

p inte 

The group analysis locks at eash dep. 

   



i) -zenumber ope: 
department v. 
   

  

s ft every 

#1 operations. 

ee) sort routes into packs by applying machine numbers to all plant 
and sorting by plant number sequences relating to part 
operation sequences to split all parts into families of common 
operation sequences.. 

41%) draw up a pack/machine chart (Pig 15) which graphically 
represents the spread of flow-patterns for each department end 
provides 2 basis for exea ne exceptions and splitting parts 
into groups. 

iv) find families and groups. ‘The items on Fig 15 (a) met be 
arranged logically as shown on Fig 15 (b) to allow the splitting 
into groups. A set of rules is suggested, but there is no 
doubt that this is the most difficult part of the analysis 
where the number of flow patterns is considerable as in 
general engineering plants. 

v) check load and allocate plant involving the calculating of 
annual machine hours for each machine in each group. 

vi) investigate exceptions. 

vii) draw final flow system network and check. 

viii) specify groups and families. 

Line analysis is the final stage of PFA and involves the review 

of each group to analyse the flow patterns to develop rational produc- 

tion lines for each group and define the optimum machine grouping. 

A network analysis approach is s fed in the form of flow process 

charts which are rationalised to find the best flow condition (Fig 16). 

    

The techniques suggested are basically drawn from factory layout 

theory and 2 number of the charting techniques used in PFA ean be found 

  

in similer form in layout planning books. As a sysvematic analysis 

approach to PFA can be very useful however, 

Certain limitations must be recognised: 

i) where there is a lack in star stion of 
iques for similar compor 

    

        

eck of stande 

di) in a reasonably sized machine sho: 
components there may well exist ast number of different 
flow sequences, ing it very difficult to rationalise these 

into a limited number of groups. 

  

isation of methods. 

  

  

    

iii) in many companies having only e machine shop and assembly 
shop, the factory flow analysis can‘ be dispensed with. 

iv)  ‘beering in mind the comments (i) and(ii) above the grouping 
: stages of the group analysis may be dispensed with in 

favour of classification and coding. In that case the 
stages of load balancing, exception analysis and flow 
charting will still he useful for subsequent sroun ana. 
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v) Line analysis is well worth considering during detail cell 
design and provides to the best knowledse of the writer 

only sys atic method of cell analysis put forward in the G7, 

literature. 

    

  

x [Burbidge suggests that computer techniques may be used fox the 

group analysis and this suggestion has been taken up by Bl-Bssawy 

who developed the concept of component flow analysis (cr).] The 

work has not been made available end there is thus little detailed 

literature available to date on this technique. 

alte would seem that CPA uses PFA techniques applying computer 

techniques to develop groups of machines to produce selected families 

of components. | : 

Basic data is supplied in the form of component numbers, process 

planning data, plant data and component demand and their inter- 

relationship is analysed over three stages. 

Groups of components with related machine requirements are pend 

during the first two stages end srouns are structured in detail in the 

third stage. The two basic analyses seem to be roughly eauivalent to 

Burbidge's Group Analysis end Line Analysis. 

The factory flow analysis as such is not separated out as an 

individual s 

  

o and Factory Flow Analysis and Group Analysis are 

combined. Malik, Connolly and Sabberwal (102) see thig as a 

fundamental difference which makes CFA superior to PFA in its basic 

philosophy providing a simplified and more rational flow system 

(Fig 17). There must however be limitation here in CPA in as far as 

it dea 

plant in which Factory Plow Analysis can be la 

  

s predominantly with a multi-product machining end assembly 

  

ely ignored. PRA 

takes a much broader view and splits up the plant initially into 

  

broad ares 

  

which may not be compatible. No one would con 

  

mixing, sey & fomdry with a precision machine shop,and even @ fo: 

and ea precision machine shop may only be compatible in limited 

circumstances. The difference in approach between PRA and CMA is 

probably not very great if a broad view is taken in a PFA analysis 

and only sections totally alien to the machine shop are split off 

as separate departments. At the sane time, bearing in mind the 

  

above comments,CFA mst use an informal Factory Flow Analysis “in 

as far as it must set certain constraints in ite analysia such as 

“casting and forging processes will not be considered as part of 

the flow analysis". 
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2.4.4. THE USE OF SAMPLING ING... 

The analysis of the total component spectrum of a company can be 

a formidable undertaking. 410,000 parts are no high number for many 

plant end examples of 40,000 and more parts have been mentioned. To 

analyse this number of parts manually is virtually impossible and 

computerised data processing techniques are required. Furthermore 

the time and effort involved “ine coding, collecting drawings and obtain~ 

ing operation data can lead to excessive project lead times before the 

usefulness and potential benefits of G.7. installation can be assessed. 

Many ‘companies may not be prepared to put this kind of effort into a 

feasibility study if they cannot be sure of getting any return on this 

investment. - 

One method to overcome this dilemma is by using sempling techniques. 

A suitable sample is chosen and the analysis is develoned on the sample, 

eLts 

of the sample analysis will relate directly to the total component range. 

assuming that, if a realistic, unbiased 

  

maple is chosen the re 

  

Other companies Find it difficult to assess their forward 

production programne, The customer may have a choice of a nu 

  

of models ox sales may be geared to specific designs for particular 

blished with 

  

  

companies where the forward load forecast carmot be es 

certainty. In this case sample analysis is the only practical method 

of analysis available. 

Under these conditions it might be argued that the sampling 

technique is invalid since no sample can be chosen to represent a 

   

   

    

component spectrum which is not yet known. Fortunately an a4: 

  

this can be found by reviewing the work done by various worke 

  

have investigated work-piece statistics across various industri 

Notably the work by Opitz (15) has shown that there exists cl 

correlatio in the product spectrum between a wide renge of engineering 

companies imeespective of company size and end product. This means 

that the distribution of geometric component features across most   

engineering companies tends to be fairly similar. 

Extending this argument to any one company, the spread of 

component features and, by implication,the range and unit vohume of 

production processes involved will remain fairly constant over long 

periods ef time, especially if the same kind of product in similar 

  a
 on



must form a sound basis for the design of a manufacturing system which, 

  

with negligable adjustments, will cope with the total component rang 

Thorniey (18) recommends 2 sample size of 10 to 15 of live 

specifications as adequate on which to base a classification system 

and production flow analysis. 

A difficulty lies in the selection of a suitable sample. Various 

methods are possible, such as: 

i) specific past period order input. 

ii) specific past period finished part store receipts. 

iii) random sample of live specifications or drawings. 

iv) selection of a "typical" assembly and use of all parts making 
up this assembly. * 

v) random choice of stores locations. 

Bach method has advantages and disadvantages. The two key factors 

which must be balanced sre: 

- avoidance of bias 

~ ease of retrieval 

Ofter these factors are contradictory and in that ease the first 

factor must of course take preference. 

Specific past period order input or order receipt (e.g. 3 months 

order input into the machine shop) is often easy to measure but can 

produce bias conditions which may be hard to detect. Seasonal sales 

variations may exist, which owing to the manufacturing lead time are 
   

hard to relate to order input. An inventory control based system may 

miss vital co: ents because batch sizes and timing are such that 

  

certain parts were not loaded during the period under consideration. 

Where fixed order cycle production control is used one cycle may well 

be the ideal sample. 

A random sample of drawings gives probebly the most unbiased 

sample, but it may contain e number of non-current parts on which no 

reliable production data may be available. 

Where a record of current parts only is kept a random sample of 

these should form a very good sample. 

The selection of a typical assembly provides en easily available 

list of sample parts (i.e. the parts list) and the correct choice of 

a 

There is however a problem in choosing a "representative" assembly. 

    assembly ensures that all parts are current, and good data is available. 

     
   

It is very easy to introduce bias by esting an assembly which by 

      virtue of its size or its numk jiment par y not give the 

    

proper indication of capacity rec If the previous method of 
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sample selection are not convenient and the’ selection of a typical 

assembly is considered, certain precautions can be taken to ensure a 

suiteble selection, such as: 

- it must be ensured that a size in the mid range of all 
assemblies is chosen. For safety sake it may be considered 
to lean towards the larger size to ensure that adequate 
capacity is chosen, 

= unit costs can be reviewed so that an average assembly is 
“chosen since unit cost Will often be approximately proportional 
to the manufacturing time. 

- a choice of a hish volume unit will provide for a high 
percentage sample in terms of total plant output. 

- the choice cf more than one mit increases the sample but 
allows inclusion of boundary size pombe by using, say, one 
sinall and one large assembly. 

- aif there is a wide range in unit sizes with a correspondingly 
wide range of component sizes, more than one unit must be | 

chosen to be able to cover the total spread of components. 

The use of sampling is a very useful tool ina GT. analysis and 

  

reduces the work content significantly; moreover sample us usually 

allows economic manual data processing and is therefore cheaper and 

more flexible. 
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2.4.5. CIASSIPICATION INTO PRODUGPION FAMILIES   

Classification to form produwtion families is totally distinct 

from classification for design retrieval purposes. For production 

purpores it is necessary to split the whole component spectrum or as 

much as can possibly be accommodated into alimitednumber of families 

of parts which can share common production facilities. 

Mo illustrate the point, a’nine digit classification system 

provides 1,009,000,000 different classes of components. Whilst 

probably meny permutations will not be covered by any parts, it is 

likely that hundreds and even thousands of differently coded part 

families will occur in mast companies. Even if one is to consider 

an average cell size of only five machines in a machine shop of say 

200 machines, then a classification system with ideally only 40 

permutations of code digits is called for. Thus most oldsnitieatio } x 

ana coding systems are far too "good" for the initial grouping of 

parts. This argument no doubt explains why many authorities accept 

that G.T. can be 

  

emented using visual selection, funetional 

grouping or simple 2 digit cod 

  

Purely for the selection of 

  

roush lies foreell formation these and especially the letter may 

    

be perfectly « .te even though it ignores the broader concepts of      
    ola: ication and coding discussed previous 

Five methods of classification 

ave taken from Burbidge (26) and the fifth is added from a 

ing manual (100) 

  

e been proposed, the first four 

  

train- 

: Division of eye. 

  

° Division based on design clas! ication. 

  

fication, 

+ Division 

1 

2 

35 Division based on production cla 

4 d on production flow analysis. 

5 « Division 

  

on Pareto analysis. 

   Division by eye has been used successfully in certain a    

tions where circumstances were particularly favourable for this method.. 

Where a large number of parts ie involved, it is unlikely that this 

method will be practicable. ~ 

Selection from design classification has been used most freauently. 

A problem exists where the classification system does not have digital    
selection 

  

ce for all its individual Gf. requires 

    

based on certain determined features such as ov: 

  

11 ‘shape, 

  

   eyiel. size and possibly me 

we 2



The latter two may well be of a lower priority in @ desig based 

system ani if no digital significance exists in the system, complex 

and long-winded search procedures may be required to retrieve families. 

It would appear that for initial grouping only up to four component 

features are of interest. 

These are: 

~ basic overall shape (ere. Opits first dicit) differentiating 
between rotational and non-rotational parts, and splitting 
these up into brosd groups based on dimensional proportions. 

~ =~ size 

~ material 

- raw miterial shape 

The first two features in general define the type of machine tool 

used in the manufacturing process. Rotational parts are generally 

torned for their major features, whilst non-rotational parts are 

  

generally milled. The component e will roughly define the machine 

  

gize and hence the detailed machine type. 

The set:   p requirements are often well defined by the raw materia 

    h groups all castings, all sheet metal parts, and ali 

Vi 

ent ma 

    ry often castings and sawm-off billets require totally 

      

ag and the split appears to be reasonable. The 

  

-tion in the raw material code gives further information to grow 

  

s which in more detail and provides for families of identical materia 

  

would went to be lozded in groups to reduce the swaz 

  

blems. 

    

Tt inus 

  

2 understood that this split only @ quick guide and 

  

eertain of the groups thus established will need to be combined, 

    Four digits still lead to a maximum of 10,000 families, so the need 

for further ¢ 

  

ping becomes apparent. However, once the minority   

groups of only a few parts each have been eliminated for the initial 

acouning it is likely that a manageable number of families for further 

grouping will be obtained. 

These can be grouped on the basis of intuition, product and machine 

knowledge and a practical production engineering approach, 

fo site an example based on the Opitz code, it is likely that all 

 



work up to 4" diameter can be handled on the same type of support 

machines (e.g. mills and drills). Should adequate cell loads be 

available for any one size then a separate eell can be established 

to cater for this one size range only. Non-rotational perts can be 

conveniently split into casting/ forgings and bar stock components. 

To suit the general vange of drilling end milling machines in most 

plants, sizes can probably be grouped into ranges of up to 4 inch, 

over 4 inch and up to 10 ineh, over 10 inch and up to 25 inch, over 

25 inch, i k 

It is better to establish too many families at this stage ana 

build up a capacity breakdown for each family during the next stage. 

If the capacity analysis shows poor loading or insufficient machines 

to form an efficient cell, it is an easy natter to combine compatible 

families using identical machines to build up a suitable load. One 

could envisege that a four-digit analysis would produce, 1,000 to. 

5,000 different codes depending on the sample size, of which possibly 

half could be removed as minority codes and the remainder combined 

into, say 50 to 200 different families. To rationalise 200 families 

into a requirement of, say 40 cells is an easy matter, even manually. 

   Dill (88) quotes an example of 2 computer programme used at 

    TH A 

  

hen for G.T. analysis using the Opitz code. This prograx 

  

sorts on the basis of: 

> (digit 1) 

sst edge length 

<> main 

    

- diameter or la 

  

- if required further geometric shape 

  

Thie supports the a: ent pus forward above regarding th 

    

  

  

importance of certain informetion for G.T. clas ication. The 

infomation priority is totally different to that in the full code 

  

giving the data in a form most suitable for desig 

Furthermore a considerable amount of the information in the code is 

  

not required at this stage. 

Brankamp (104) offers a similar approach for the selection of 

machine tools to match the existing component range. This is the 

  

same requirement as that necessary for cell formation. He sug: 

that the following code extract should be used. 

    

the dixit 1) 

  

-  eomponert class (on 

- external pe element 

Gt



- dimension 

- material 

Perrins (60) offers three methods to select potential families 

using the Opits eode, all of which will have to be used in any one 

study. 

- specific component groupings; mainly major obvious components 

- specific manufacturing features; typical examples being gears 

- size and component feature selection matrixes (these are 
identical to code number fields used by Brankamp (104) 
relative to key machine capacities (Pig 18) 

On the other hand, classification by production code would appear 

to be ideal for G.T. purposes, but to date there seems to be little evidence 

of its use in actual applications, some work has been done at Stuttgart 

University in this direction but this work does not anpear to have found. 

ready acceptance in industry to date. 

The following reasons can be suavested for this: 

4. The use of @ specific production code as distinet from a Pp 
ieval code would involve duplication of costly 

  

   

   

  

     

  

2. static in the same way es 
nd any production codin 

ither have to be set up either specifically 
initial G.T. 3 only or would require 

uous updating. 

3 ae ee of a ee code ig oo    

  

     

  

fully ineorporea ted into tr 
etion code will only make a minor contrib 

2lysis is completed. Furth 
eode is an adequate analys 

in any case. 

     ip 
{xe De 

gn vetri     

      

As a practical techniane, production based cla 

  

sification systems 

can probably be discounted at the present time.    
There is little more to be sa about selection by PRA beyond. the = 

discussion earlier on in this chapter. 

Division by Pareto analysis is an interesting alternative, i 

  

revolves around the concept thab if 80% of the product coat lie in 

20% of all parts, then the 20% only should be attacked leaving the 

80% as they are at present, his approach can have considefable merit, 

but certain points must be considered: i 

~ the approach does provide for a greatly 
offering high reward for effort. 

simplified 2 & 

   



- to xun the Pareto approach successfully, certain additional 

parameters would probably have to be laid down, such as 

i) an efficient inventory control system for low value parts 

ii) a high-stock system for low velue parts such gs a sealed 

bin systen 

414) the great majority of low velue parts can be bought out 

at no appreciable cost.penalty to obtain the flow 

simplification and managerial benefits of G.T. 

There is the danger with this system that it ignores high value, 

low usage parts which would usefully combine with high-value, high 

usage parts falling into the 20% high revenue group. Cooling 

duplication and wmecessary overhead would be incurred. 

A more plausible approach would seem to be to form families based 

  

on the tote). component spectrum and introduce cells on @ 

velue basis, so that high revenue output cells ere introduced first. 
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The formation of machining cells after classification can be 

split into three stages. 

1. Capacity ealoulation for each family. 

2. Capacity balancing by combining families, 

3. The integration or'elimination of minority sroups and 
machine loads.- 

The first ce involves simple arithmetic and requires as input: 

- operation and set-up times for each operation. 

- wmechine description for each operation. 

~ component demand per unit time (say yearly for convenience) 
- 

The above items allow caleulation of operation times per year per 

machine type for all different machine types used for each family in 

turn, 

fo form viable cells, an indication of desireble cell size must 

  

be established, Williamson (71) claims that 6 to 10 people make a 

good cell. This figure agrees with that quoted by Brown (105) for 

    

pr wy groups in industry claimed to be typically 8 to 10. 

opriate parameter for cell 

  

It would seem therefore that one ax 

si ie is 6 to 10 operators pex cell. Two approaches to reach this aim 

  

can be suggested: 

Firstly, it is possible to just add total yearly ma 

  

ining hous 

  

for each ily and combine Lite: a s sing similar machines until 

  

      yearly hours %< to 10 operators have been accwny 

Often it is better to aim at the higher fisure to i ove the utilisa- 

  

  

place in isolation 

janeed (i.e. 4 

tion of support machines, The process cannot tai 

  

  of families must be 

ili 

for each cell and the srovpin, 

    

is better to have two cell ut 

40 op 

ing 6 operators each than one with    

ators and another with 2 operators). 

  

The second approach occurs where a family has more annual hours 

per year than can be handled hy ten operators. In that case it must 

be considered to either break up the family or to form sub-cells 

within the main cell. . 
There may be a tendency to look et individuel machine utilisa+ 

Gion too closely at this ve and this cannot be recommenied. Detail 

  

cell development should be left for the third s 
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The final stage of analysis to form viable cells consists essentiaily 

of capacity smoothing, 

The previous stages of analysis will no doubt lead to a number 

of very poorly utilised support machines and those must be dealt with. 

A number of methods are possible such ag: 

a)  xeplanning of the work on to different machines. 

b) using group tooling to reduce operation and setting times 
on overloaded machines. 

c) the use of special attachments or unit heads for @ limited 
amount of special work on certain components in the sroup. 

a) accepting voor utilisation on low cost machines. 

e) (in extreme cases only !) considering the sharing of one 
machine by more than one cell, 

£) producing te to 2 semi-finished state in one cell and 
transferring them to another cell for finis: 

    

Se 

Tt should he noted, that the cell size of 6 to 10 is an idealised 

figure and carmot al be maintained. Single-mashine cells (e.g 

  

     auto-lathes) may exist nab ily and in certain ca two or three 

  

   y the ideal unit, If a cell exceeds 10 operators may form technical 

    numbers however, it is likely that the be: its of small, closely 

knit seotions will be lost. 

  

INTER-CBLL PLOW ANALY: 

     Once cells heve been formed it is necessary to analyse the flow 

  vattern w 

    

    

hin the cell to determine if the cell can be developed as a nee P 

   a flow J. ox if a group layout is more suitable. Furthermore it 

is necessary to develop the best layout pattern for the cell. When 

  

only dealing with at the most 10 to 15 ma this problem is not 

too difficult and where a sample analysis is chosen, it can be done F 5 

  

manually without undue problems. 

Burbidge recommends line analysis for this process which has 

  

been mentioned earlier in this chapter. Wo doubt the techni 

    

shown is enitable especially where the gceater majority o:     
  

have a similar flow pattern. Where the analysis is part of a PFA, 

this condition is likely to occur since PFA groups parts by their 

material flow requirements. It is likely that where classification 

by other means has taken place, a wide variety of flow patterns 
  

   

  

  sould 4 and network charting may prove to be difficult since 
  

networks may become too elaborate and confusing for easy analysis. 

65



It may be beneficial to look at conventional layout-plamming 

techniques such as laid dow by Muther (106) ear 

the detailed layout plan for a department. 

  

cially in relation to 

A useful aid to determine the primary flow vatterns in a cell a via. 

the "FROM-TO" chart which forms an excellent basis for flow charting 

but gives possibly 2 simpler method of analysis than Burbidge's 

operation route number analysis. 

Hither technique will ae if the cell is potentially suitable 

for floy line desim. If a high proportion of the sample have the 

same flow direction, then those parts not conforming can possibly be 

re-plenned, or, by duplication of similar machines at different places 

in the line, two (or more) patterns of flow may be combined in one 
line. It should be noted, that any one part must not necessarily use 

» every machine in the line, as long as all parts flow in one direction 

only along the line. ; 

“Where cells are a more suitable arrengement, flow and handling 

  can be developed by locating machines in the correct flow sedquenc e 

for the majority of parts. it is doubtful, bearing in mind the likely 

small size of a cell, that sophisticated decision criteria need be 

introduced end a grouping based on a total number of parts per unit    

period is quite adequate. 

The use of a circular, square or rectengular cell reduces the 

   distances of travel in cross-flow and provides face-to-face o € 

of group members which is beneficial for primary group formation. 

This type of layout is therefore preferred to 2 line layout. 

in the case of a flow line, the line layout is in most cases 

mandatory. From the above reasoning it would seem preferable that 

machines are arranged on both sides of a conveyor to shorten the 

line. By the same token it should be avoided to feed each side of 

the conveyor with separate work since this could split the group in 

half. 3 
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Wf LAYOUT 

  

The literature has concentrated in the past on the details of 

each cell, It mst not be forgotten, however that the idoatian of 

cells in the plant is of considerable importance. 

In order to maintain an efficient flow-pattern throughout the 

plant, cells must be arranged in such a way that their relationship 

to services, stores and assembly‘ provides for efficient material flow. 

This work falls into the realm of good plant layout technique and 

Muther (106) is one of the better guides to develop an efficient 

layout within the existing building constraints. Because of the 

self~sufficient nature of G.T. cells there is not likely to be any 

eross-flow between cells and net-work charting is particularly suit- 

able for this work. 
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2.4.8. TOOLING ANALYSIS 

One of the major savings achieved from G.T. is often quoted in 

terns of setting time reduction. As Craven points out quite nightly 

(63) this saving is only achieved by adequate production engineering 

effort. 

The advantages of G.T. in general hinge around the concept that 

families of components are proditced on like set-ups using as far as 

possible commen tooling. Therefore, once families and cells have 

been formed, it is necessexry to analyse the tooling vequirements for 

each family and rationalise tools and fixtures into common set-ups. 

It is possible that more than one group set-up exist within each 

cell and each sub-family may well be analysed individually. 

; One powerful technique of set-up rationalisation is the "Complex } 

part" techniane developed by Mitrofanov (7) and used in applications 

in this country such as English Electric, Bradford and Ferranti. 

  

   

    

The philosophy of the complex part is quite a simple one. A 

  

number of similer grouped and by comparison one +. is 

  

chosen, ox ora 

f all other parts 

wa up, which contains all of the features 

emily such that the tooling and the set— 

  

up to make the complex p 1 be capable of ducing any pert in     

the same family without me 

tak 

ine re-setting. No account is normally 

  

of actual dimensions and size adj 

  

batches is accented. 

  

sometimes be made for, say, sp 

  

   

   
    

    

or specific size drills and reamers which may change be 

The use of the complex part technolosy does however lead P s 

able setting 

  

Certainly w 

  

rapid and accura en batches and the 

pre-set toolin, tools wequiring frequent 

    

very efficient group set-up can be achi 

There are however difficulties with the complex part technique. 

  

This philosophy is in most eases restricted to one machine type only 

ne 

conoonent shanes it is very unlikely thet one complex part covering 

  

and in a general engineering plant with 2 wide renze of diffe 

  

all machined features of the family for all machines in the eell can 

  

be determined, such that a meaningful gx set-uy can be developed. 

  
68



    This problem can only be overcome in one of two ¥, 

i) draw up separate complex parts for each machine and regroup 
parts after each operation. This would require a considex- 
able tae build-up between machines and weuld make control 
very difficult. One could however, envisage situations 
where @ wide range of parts are to be made over several 
extensive set~uns in very small batch sizes, where this 
philosophy could be justified. 

ii) select the machine which in general has the lonzest set-up 
time and developed a acmplex part for this machine only, 
accepting that on all other machines of the group no further 
group set-ups can be formed, This philosophy can be extended 
as described by Connolly (20) by breeking each family on the 
highest set-up machine up into sub-families for the next 
highest set-up family and feeding within each family the 
highest set-up machine in sub-fumilies to enable sroup set— 
ups to be used on the next highest set-up machine. ‘This 
approach can be continued down the line,but of course, the 
families become continuously smaller and the benefits reduce 
as the set-up time for the machine reduces. < 
On certain machines, such as drilling and tapping or surface 
grinding machines, standard setting times may well be so low 
in any case, that they can be ignored. 

  

Not surprisingly, the complex part technique has been used widest 

for tuxned parts and specifically on capstan lathes which tend to have 

   long set-y times and accept a considerable number of tools, allowing   

   eres ter scope for complex part development. On a capstan lathe one 

He 

  

restriction of the technique is the limitation on the number of ¢ 

able tool 

  

ee     tions, so that parts mst be classified initially into 

families of fairly similar components to be able to ¢raw up a manage- 

able complex pert. 

Various charting techniques have been used to record the variety 
  

of component features and tooling requirements in a family of parts. 

A comprehensive sheet format is show by Bennett (101) (Pig 19) for 

turned parts anelysis giving a good indication of     

  

ments and size distribution of features. Sinilar format sheets have 
    

also been devised for other machining operatic: 

A tool analysis sheet covering turning as well as oth 

is shomm by Eldred (107) (Pig 20). It is likely thot 

format sheet would be drawn up for each cell specifying features and 

    

iferent 

current tooling, Where a family is large,it may be useful to eplit 

it into sub-families first and make the analysis simpler end more 

meaningful. 

Perrins (60) shows a similar method of tooling snalysis specific 

ted to turret lathes (Fig 21) in 

  

ally re 

   
ith all tooling ~~ set-up 

requirements are listed for comp] parts     

bo



As indicated, some kind of component/feature matrix is generally 

required for this analysis and this is of course a standard methods - 

engineering approach, not confined to G.T. in particular. 

The complex part philosophy can also be applied to fixture design 

and Mitrofanov (7) gives a considerable amount of detailed information 

of the design of group fixtures. Since parts in a femily are generally 

similar in size amd shape, the use of standard features in conjunction 

with specific component adjustors’ or setting blocks make it possibile 

to cheapen fixture cost considerably and at the same reduce the setting 

of fixtures between batches to negligible proportions. Whilst a tool~ 

ing analysis is very suitable for turning, @ fixture analysis is more 

important for such operations as milling and drilling, 

No detailed information is available for group fixture analysis, 

put a feature matrix of such items as location feces, clamping faces 

as well es machined features will be useful. Usefvl information on 

standardisation of clamping end location features can be obtained from 

both Mitrofanov (7) and Demyanyuk (23). 
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CS COMPUTERISED DATA PROSESSING IN GROUP TRCENOLOGY 

G.T. is inherently concerned with the collection on sorting of 

data, i.e. work piece statistics, component codes, production data 

etcetera. The amount of data to be processed can be quite substantial 

and it comes as no surprise that computer techniaues for data process- 

ing have been considered by a number of workers. ; 

There may in many cases be no need to use any computer aid as such 

at all. Punched card equipment is ideal in many instances and quite 

adequate for many studies. Where a sample of parts have been coded, 

a simple card sorter can be used to rapidly sort all coded parts in 

any digital order required. Once cards have been sorted a tabulator 

can be used to print out a list of all parts in code sequential onder. 

Tabulators are becoming rarer these days but printing of lists from. 

pre-sorted cards cen normally be done on computers using a standard 

programme and no programming effort is involved. Also, sorting of 

random input cards is expensive and requires considerable core 

storage, so sorting in an electro-mechanical card sorter followed by 

computer printing is a chean and efficient way of obtaining a print- 

out. The Gf, worker further 

  

ins the flexibility of sortin 

    

any digital order wit t having to write a specific prosramme for 

    

each listing, 

A particular chore in G.1. work is the capacity calculation for 

the 

tion times and the multiplication of +h 

  

each cell, which involv: portioning of setting times to overa-    
   umnary times by quantity 

      reauirements for each operation on each part in the list of parts under   

analysis. Total hours per period then have to be added up for each 

machine in each particular family of parts. A computer is ideal for 

this work as demonstrated by Hunt (98) who incidentally goes further 
to introduce family division by computer. 

Hunt introduces a set of pre-sorted Opitz coded cards into the 

computer, and his programme "Opus" prints cumulative machining times 

for each machine for every Opitz code, with grand-totals for each main 

class (First digit change). His programme "Opal" ia similar, but sums 

up for each different code in the first five digits only. Naturally 

the same approach can be used after families have been formed to sum 

each family's machining capacity.



A more complex approach is used by ?.E. Consultants (61) who 

propose the use of a computer for a atex amount of work. fter, 

  

sorting by Opitz code, selection matrixes (described earlier in this 

chapter) are introduced to use the computer to select families of 

parts from the total component spectrum according to pre-determined 

@ecision parameters. After introducing requirements figures and 

component values, this data is used to select promising families for 

cell formation. After operation details have been fed in, a P.P.A. 

is undertaken by computer leading to a capacity analysis, P.F.A, charts 

for exception analysis, machine tool list and layout sequence. 

It shold be noted, that decision parameters are introduced in 

the form of the selection matrixes. It is doubtful that it is possible 

to write a programme without manual intervention which would suit all 

requirements. The P.E, programme suite appears to be a very useful 

aid for G.T. analys It is however quite extensive and it is not 

  

possible to drew up such a programme for each application. For 

industrial consultants, however, this should be a useful approach. 

  

A different approach relying extensively on computer aided data 

   
processing is of course Component Plow Analysis which was briefly 

reviewed early in this chapter. 

Other technic: such as "Work Plow Structure" (108) have been 

  

e work flow pattern in a plant, and whilst no developed to analyse th:   

partiouler reference to G.@. is made in this work, it is lik 

  

ly to 

lead to a cell system cf layout in a similar manner to PRA. 

   
A number of more advanced techniqnes covld be devel       

      reference has been made in the 1 ature to s 

design manufacturing systems. One mist wonder however, to what 

extent this type of work is really justified bearing in mind thet 

G.?. in its initial break-down into cells reduces the problem into 

  manageable proportions which can be analysed without complex techniques. 

72



    

25. MAN 
2eFete na PR 

ASpuCTS OF GROUP 
BUISTIES OF GT. 5 

  

Before a G.T. project can be undertaken it is necessary to check 

if G.T. is suitable for the compeny under investigation. Whilst the 

great majority of batch manufacturing plents are suitable, there can 

be exceptions. 7a, 

Furthermore some companies are more suitable for G.1. installation 

than others and will therefore reap greater benefits. 

Leonard and Koenigsberger (109) have laid down a set of optinial 

conditions which are listed as follows:— 

i) a large number of small batches. 

ii) accurate production information. 

did) customer delivery requirements. 

iv) control of raw material, 

  

v)  lisht components. 

vi) miniman inspection. 

  

vii) imple jobs and flexible labour. 

  

viii) expensive plant. 

ix) similarity of components   nd production operations. 

x) & balanced machine utilisation.   

  

xi) of classification syatem.   

These items me 

  

vit further discussion to indicate certain areas 

  

which require svecific study to test GT. sui 

Item (i) 4 

suitability. Wh 

bility. 

  

generally accepted as a key factor towards G.7. 

12 bat 

  

e ©      & large number of si ss are involved, 

and G.T. will help 

id make it more controllable.  Surpris 

  

the production system is likely to be very complex 

    to simplify the system ingly       

no reference 

  

made by Leonard and Koeni. 

  

discuss the product its ‘. Small patches are a result of production 

    planning end not always the basic manufacturing requirements. By the 

use of such production pol icies as Deonomic Batch Quantities or 

conversely smzllest batches to minimise stock holdings, batehes can 

be generated which do not roflect the real requirements of tht company 

and which, if used es a besis to test GT. suitability, may well give 

a totally false picture. 

  

The first look shovld thevefore be et the product. The wide   

       ranse of GT. applica: @ shows that it is diffieals to 
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specify the type of product which is most suitable for G.T., but one 

general rule appears to apply throughout, namely that the product sales 

pattern is such that a wide range of components are required in medium 

to small quantities, preferably, periodically recurring. Within 

specific products, there are different requirements for different 

product types. 

Where single piece parts are made ‘guch as brake linings, it is 

preferable that a number of different specifications are called for, 

to be produced in small batches, For simple assemblies such as, say 

valves, it is useful if a considerable ‘number of assemblies are to be 

made in small quantities, but all assemblies consisting of a similar 

component range, so that, say all housings or shaft etcetera can be 

grouped together. ; 

In a mlti-part assemble plant the requirements get more complex. 

The requirements are: 

a) as great ae number of component types as possible, 

b) a great number of different assemblies to be built in 
small quantities each. 

   9) assemblies to be preferably compatible in tex 
material and a @ component spectrum, thus requiring 
similar manufacturing plant. 

  

  

  

Conversely there are conditions which may make the use of G.7. in 

such a plant unsuiteble:- 

a) a small number of components only exist, with quantities 
too small for individual flow lines, but the range of parts 
so widely spread that insufficient parts of any one ie 
can be grouped together to form a family. In general the 
more parts are available for classification, the sreater is 
the probability of forming viable families and cells. 

  

  

b) a wide variety of parts are to be made in a small plant with 
only one ef most types of machines. There is in this eas 
a great likelihood that cells cannot be formed without 
duplicating a considerable amount of plant to allow the 
split of identical manufacturing processes over more than 
one cell. This problem is ag; ated in a plant making 
complex muiti-op: m parts s 2s used frequently in, 
Bay, aircraft equipment. If such a situation is likely, 
it is necessary to take a sample check of machine loads 
to test the extent to which key machines need to be split 
over more than one cell. 

    

  

  

   
        

In many cases an experienced G.T, worker will be able to decide 

almost immediately that, b: 

  

ed on product requiremerits, the plent under 

  

survey is suitable for G.T. applica 
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In other instances, a sample based study may be required until an 

answer can be given in confidence. 

It has been pointed out quite rightly by Leonard and Koenigsberger 

that accurate production information is a neessary prerequisite to G.T. 

installation. There is however a distinction between the levels of 

accuracy required for different types of information. 

It is imperative that accurate information on product demand is 

at hand. Where no reasonable production forecast exists, 2 lot of 

time may be lost in establishing the picture of manufacturing require— 

ments by a review of historical data, modified by forward orders, 

trends etcetera, The G.T. worker would in fact be forced to establish 

a production forecast as a working basis, 

Operation data mst he available together with existing tooling 

information. A certain degree of inaccuracy of shortage of informa- 

tion for certain components could be accepted, since for the components 

affected the information could be quickly updated by comparison with 

other parts in the family. 

Operation times and setting times are vital for capacity plaming. 

        Again the degree of accuracy is not too important sé, firstly, times 

which are widely out would be highlighted early on by comparison with 

other parts in the family and, secondly, the times applicable to the 

GT. cell would differ to some degree from current times in any oase 

and times existing at present could only be used as an approximate 

gaide in any case. 

  

Having m the above argument, it should however be remembered 

  

that during a G.T. project it is inherently easy to update and improve 

  

eurrent information levels and a lack of information wid be taken 

as ean encouragement to introduce G.T., not as a hindrance. Whilst 

the lack of deta would draw out the GT. implementation over a longer 

period of time, it would provide a reasonable data basis as part of 

the analysis. This on its own is a good objective for a G. 

    

Company control over rew material is useful from an ovgan 

point of view, but in many engineering plants, raw materiel must be 

purchased in the form of bar, plate, castings etcetera. As a GT. 

consideration this item can be ignored in mest instances. f& high 

  

raw material stock holding may be called for in many 

  

cases to ensure 

  supply to the cells, but in many instances in general engineering 

   

  

plants raw material is not the major cost item and inve 

for a high mterial steck-holding does not incur too } 

penalty. 
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Component weight as indicated by Leonard and Koeni dis 

important where roller conveyors are to be used in a flow line. rt 

  

cannot, however, be considered to be & major limitation to G.T. suit— 

ability of a plant. 

Flexible labour is certainly useful and in many G.T. installations 

a necessity. Where flosting labour is already used, a major potential 

obstacle to cell formation is removed. 

The -evrrent use of inexpensive plant is useful since it allows 

underutilisation of plant without excessive cost penalty. If this 

situation does not apply, the cell system can be supplemented by 

cheap, even second-hand machinery to be employed in certain low 

utilisation arezs. 

Leonard end Koenissberger point out that a long-life product is 

preferred to obtain maximum advantage of a classification system, but 

in fact, this adventage goes further. Where a short life product and 

frequent introduction of new designs is involved, the G.T. cells will 

have to be very flexible and it is doubtful that the full benefits of 

flow line production and group tooling can be exploited. Frequent 

revision of the layout may be called for. At the e time the ¢.T. 

  

system and existing group tooling is however likely to reduce new 

  

product lead times and tooling costs, so that advantases can be gained 

irrespective of short eycle or long cycle products. 

The following questions can be laid dovn which need te be an 

  

to ss the suitability of a plant for G.T. introduction. 

  

1. What is the product? 

2. What is the production forecast? 

3. Is an assembly product involved? 

    4. What is the manufacturing mix of assenbli 

De What is the assembly complexity (average number of parts per 
assembly)? 

6. What is consequently the total number of parts to be made per 
year and the average usage per part per year?   

7 Do components fall into families of similar parts, recurring 
in each assenibly? 

8. What is the spread of components and component features? 

9. What machine tools are used at present and what is their cost 
and complexity? 

10. How many of them are special purpose machines? 

one of each machine? 

ge of different 

  

Ts Are there generally more 

  

q2. If not, do one-only machines handle a wide 
parts? 
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13. What is the averege number of operations per part? 

  

14. What proportion and what component De is sub-contracted?   

15. What is the level and accuracy of production data? 

- parts lists 

- production forecast 

- process planning sheets 

- tool and gauge information 

- dperation and setting times 

46. What is the raw material and how is it obtained and controlled? 

17. What system of production control is used? 

18. Is floating labour used at present? Is there likely to be 
strong resistance to floating labour? 

19. What are lebour relations like at present? 

Qn the basis of such questions and a review of assemblies and- 

parts in store, an ass 

  

ent of the vital questions can be made:~- 

1. Can the component range be split into separate families of 
simi part? 

    

26 Can the mack: 

3. Is the nec! 

  

s be split into groups to make these families? 

  

ry data available for a meaningful analysis? 

If these three questions can be answered in the affirmative, it 

is almost certain that G.1. is the correct production system for the 

plant in question. It is a matter of more   detailed anelysis of the 

prodyct and the existing syatema to de 

  

@ the extent of benefits 

which can be achieved. 
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Having decided that G.T, is indeed a snitable manufacturing 

philosophy for a particular plant under consideration, it is necessary 

to set down the objectives of the project. There are two reasons for 

doing this: 

Firstly the company, that is, the board of directors, need a 

reasonable assurance that the cost of the GT. project will be recovered, 

and the only way this can be done at the early stage, is to review the 

company's problems in relation to other companies’ experience to assess 

what savings and imorovements can be expected. Often there is one 

specific overriding reason which makes the introduction of G.?. 

imperative, such as the necessity to improve delivery performance or 

to reduce stocks. 3 

Secondly a set of objectives provides the project team with both, 

the project tarset and the authority to requisition information end 

assistance. For this reason it is important that the objectives are 

approved by a senior executive, preferably the technical or me. 

  

director, to ensure that the project team has the proper backing for 

its analysis and implementation. 

Setting objectives involves two activities, namely the review of 

  

the kind and magnitude of advantages to be gained from G.T. by looking 

  

at published expe 

  

jence of users of G.T., and secondly an analy: 

  

the company's problems to see how the advantages of G.T. will a    

to solve these problens. 

The following areas merit particular attention when reviewing the 

problems of the company. 

- current work-in 

  

ogress stocks 

+ finished part stocks 

= ave 

  

ge batch size and usage period of each batch 

- shop loading policy 

= throushpat time of batches 

- delivery performance 

- production control staff and in particular promress chasers 

- losses due to material shortaces 

  

= space occupied by work 

  

On the basis of the information oltai » Objectives can be set 

  

and an assessment of savings to be exy be       
  ywork+in-proe 3 red. on can he calevlated ty 
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ing the current figure in the ratio 

propos 1 throuzhput time (the le 
est t n one and four weeks, d 
size, come nd flow ratiorialisation of the cells). 

        

     

  

b) reducing the figure further by a ratio of current batch 

usage periods to expeoted usage periods based on reduced 

batch sizes. If an B.B,Q. loading system is used, average 

patch usage may well be 6 months or more whilst in the G.T. 

cell a one-month fixed cycle loading may be acceptable, 

reducing work-in-orogress by a ratio of 3 to 1. 

Finished part stocks will be reduced similarly though not 

necessarily in proportion to the average batch size reduction. 

There is little point in trying to be too accurate at this stage, 

since too little detailed information of the ultimate G.T. system 

exists. In most c2ses it will be found, that even a very conservative 

assessment of stock reductions will provide startling savings which 

will pay for the whole project. 

‘t is always difficult to predict i ovenents in productivity, 

  

put it may be taken for granted that productivity will improve. 

Whilst fisures of 20%, 30% and more have been. ouoted, it is often not 

wise to use these in the objestives. It can be taken as cert    
that at least a 10% productivity improvement x 

project is extended across the plant as a wi 

usually adequate as an initial objective to show a most substantial 

  

saving. If it is anticipeted, that only part of the plant will be 

turned over to G ent must be 

  

ve of productivity improve 

  

sealed down accordingly. 
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AN ASPECTS OF G.'T. 

It is claimed by industrial psychologists that all organisations 

are built up from a number of smaller groups of averaze size 8 to 10 

  

people. These are the so-called primary groups where the upper size 

is limited by problems of communication and adequate face-to-face 

contact. Where groups exceed this size they will tend to break up 

into smaller groups and the prdécess has been likened to the cell- 

division in animals or plants. It is mentioned (105) that throuzhout 

history groups of that size have been found whenever high morale was 

important, i.e. cricket eleven, army section etcetera. Primary 

groups are characterised by an interreletionship of personal xrelation- 

ships and clearly definéd attitudes of members “towards one another. 

The primary groups form irrespective of the formal organisation 

of the plant but naturally considerable benefit could be gained af, 

rated 

into the company organisation and the moral strength of the primary 

not unlike the army platoon, the prime 

  

ry group could be inco: 

  

group be directed towards the aims of the company. 

In a functional shop primary groups are likely to form in 

individual 

  

sections and there is a tendency for the shop to "br 

  

into separate units, which, by virtue of the work flow, heve to ve 

  

egrated into one unit. Rivalry between groups is likely to cause 

diszuption and a lack ef co-operation between groups can result in 

   ill-feeling, Certainly no close working harmony ac the shop 

    

  

      is achieved. One might further argue that the forse n   

  

divi loyalties, firstly to his primary groun, and se   

    

secondary groups such as the foremen's association ana the managem 

  

team of which he is a members 

In a cell layout the primary group principle is utilised to 

provide conditions which are suitable for the f 

  

tion of primary 

  

groups, to give each group a definite goal (i.e. to produce a ce: 

range of components) and minimise conflict by making groups self- 

supporting. 

If primary groups form in cell layout, then considerable henefits 

in terms of morale and ovtput can be achieved, Schein states this 

as follows (110): ° 

"Fou example, a fo: 
   

  

   

    

nal work © 
    e Army (say, a platoor 
group that meets a vai 
if this pro 

  

   
higher levels 

BO



   chological 
th the 

of organisational goals than would be possible if the p. 
needs were met in informal groups that did not coincide 

formal one". 
    

Brown points out, that closely-integrated groups are most likely 

to be found amongst skilled or semi-skilled workers, married men and 

elderly women. It is therefore likely that a batch-producing general 

engineering plant using mainly skilled labour would benefit greatly 

from the sociological circumstances of G. 1. 

Naturally G.7. is no substitute for good motivational management, 

but the Hewthorne Experiment has demonstrated how groups can be motivated 

to increase productivity considerably without undue pressure and better 

morale than before. 

Fazakerley (111) claims that in a number of G.. installations a 

marked lack of group feeling is apparent and gives three reasons: 

~ alternative reference groups 
  

- physical vlacement of machines 

  

- the low degree of commitment to work as an ectivity 

To form new groups, the old groups have to be broken up and a 

considerable period of time and some degree of Jabour turn-over thay 

  

ry groups based on GT. celis will develop. 

  

required before new p1 

    

Also es mentioned previously, adequate face-to-face contact is ncessary 

    to maintain a primary group. It is easy to violate this principle 

during actual layout desim by bad placing of machines, shelving, 

  

ways etcetera, 

The low degree of commitment-is a factor which is difficult to 

y thet the development of an ordered, cell- 

  

counteract, but it Je 1} 

based shop will assist in this area and that over a period of time an 

  

improvement in morale and job satisfaction will lead to a greater commnit- 

ment to work. 

Fazakerley discusses the human problems involved when G.T. is 

introduced as: 

it) uncertainty and insecurity felt by emvloyees affected by the 
innovation 

ii) the lack of understanding at management level of the principles 
behind ¢. 7, * 

iii) the lack of group feeling within the cell. 

iv) the collapse of indulgency which escompenies many innovations. 

vy) the difficu 
es system. 

  

surrounding the evolution of a satisfactoxy 
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A radical change such as G.7. is. bound to cause a lot of anxiety, 

more so amongst management than amongst operators. As Hanson puts it, 

"departments are run as little empires" and a whole list of potential 

problems become immediately apparent to departmental heads as G.T. is 

put forward, such as a possible reduction of the "empire", a fear of not 

being able to cope with the new technology, a possibility of loss of 

status, @ potential clearing out of "skeletons", and even the loss of 

job due to redundancy in the general re-organisation. Foremen are 

particularly affected since they have to change from single-process 

technologists to multi-process managers. Often foremen have been 

appointed on the basis of their technical excellence in the perticular 

section which they control, They feel that they would be unable to cope 

with the problems of other processes. The only answer is frequent 

consultation with managers and unions alike well ahead of time, the 

drawing up of a suitable training scheme, and a general “amnesty" for 

all members of personnel as their de ‘tmentst malpractices and short 

    

comings become apparent during the analysis stage. 

"The collapse of indulgency" is a closely related aspect which is 

likely to cause problenis. Fegakerley refers to such things es "legal 

Fiddles" and "gravy jobs" which will be discovered and discontinued 

during the implementation. This is likely to cause considerable 

resentment. 

There will also be a fear of loss of earnings and a suspicion that 

ject is a plan to reduce real eamings. This can only be over+ 

  

come by letting operators "share the cake", i.e. any improvements must 

be shared by management and- operators. 

Williamson (4) discusses the growth of engineering plants from the 

small workshop of the 19th century to the engineering fectory in the 

20th century and concludes: 

"Tf such an effective organisation (the small workshop) were to 
be increased in size, 2 parallel would have been dr 
biology, where the cells of a livine organisn do not themselves 

egxow in size, to form one big cell, bub duplicate themselves 
as the organism grows, When abnormally large cells do 
occesionally form, it presases cancerous growth, and usually 
results in the eventual death of the organism". 

    

   

    

    

This somewhat emotional anology and conclusion appears to 

represent to 2 great extent what has happened to present day batch 

producing plants, 
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Williamson presents his case for a cell layout in terms of 

communication preblems in a big plant making it impossible to contzol 

efficiently. He quotes the example where drawings do not contain 

all information and a considerable amount of know-how is held by 

individuals. As the organisation grows it becomes increasingly 

difficult to harness this "know-how" and ensure the efficient transfer 

of correct data, through the hierarchy. 

If management were concentrated in specialised manufacturing cells, 

it could be ensured that the know~how would be shared by one closely 

knit group of people and would become less vulnerable to personnel 

changes. Williamson further confirms that the optimum size of a cell 

is 6 to 10 people. ' 

Revans (112) confirms this argument and derives the conclusion thet 

with the growth of an organisetion serious communication problems exist. 

He sees the problem as one where too many people handle different facts 

about the same working situation resulting in disorgenisation, The 

term “a tendency to vertical disruntion” is coined by him describing 

dilation of the   this phenomenom, where size explains the degree of x ’ P & 

manager's ability to take decisions. The cell system of manufacturing 

  

mst counteract this tendency and help to solve one of the eering 

industry's problems. 

  

Closely allied to this is Revans hypothesis that "human relations 

in the factory depend upon the extent to whic 
“ 

be economically and effectively arranged, Where this is not so, discon ) Edy ’ 

tent will a: 

  

e perceive the work to 

    ise and it may eventually break out in a dispute". 

  

G.T. provides the answer since it will, if organised properly, provide 

this ordered and effective work arrangement in which work can be done 

with a minimum of disruption and frustration. 

Other, closely related reasons for improvements in labour relations 

are listed by Burbidge (113). A s 

together with simple, clearly defined goals. Inspection can be 

  

1 group of men work closely 

delegated to the cell, which would be difficult in a functional layout 

shop and hence each group can take full responsibil+ty for product 

output and quality, leading to job enlargment dus to wider responsibil- 

ities and the possibility of group decision making. ‘The ividependence 

of each cell results in less need for co-operation with other sectiors 

and hence zeduced strese across the company @s a whole, 
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2.5.4. PRODUCTION PLANNING AND CONTROL 
  

In a G.?. environment production control becomes one of the most 

eritical areas of maagement control. In order to operate cells 

efficiently, it is imperative to schedule the work carefully in the 

right sequence. 

The reasons for this more rigid contzol are as follows:- 

- one of the objectives of G.T, is invariably the reduction of 
setting time. In order to achieve this, parts mist be 
scheduled in the correct sequence to minimise change-over time. 
Often some degree of “technological scheduling" is required. 

= @ small cell is much more vulnerable to, random fluctuations in 
work-load than a large machine shop and advance loading of the 
cell and capacity balancing is required so that a reasonable 
capacity balance is obtained, It should be remenbered at 
this stage that ¢.T. will inherently simplify the production 
planning and control requirements, by treating a cell as one 
machine from a loading point of view, thus reducing moat parts 
to single operation components. 

    

(a) Inventory Control Systems and @.?, 
  

        y batch producing plants control their ordering system hy a 

  

Me 

   sinple inventory control system, where, once parts are loaded inte stock, 

    

stocks drop celow a 

t 

stocks have fallen to 2 minimum eafety stock, the new be 

a record of owtzoing stock is maintained, and 

        certain "re-order level", a new ordered on @ such thet 

  

vhen existi     

will be received in store (114). 

  

Inventory or stock control systems of this type, axe ¢ 

on a hh size lmowm as Economic Batch Quantity (8,B.Q.) which is that 

    

quantity which balances setting and ordering cost with stock holding cost 

to minimise overall batch cost. 

In view of the common use of this system it is necessary to briefly 

note why this technique of ordering is not acceptable in a G2, shop. 

  

Burbidge and Duckworth (445) both confem the E.BQ. as a means of 

bateh production control and state quite categorically that it is not 

  

acceptable for production control in a batch production plant. From a 

G7, point of view it is particularly unsuitable, since it inherently 

calls vp a random pattern of batch loading. Batches are only very 

indirectly governed by the detiand pattern and batches are called up, 

ne to suit assembly requirements but in reaponse ¢$ svecific stock 

  

levels, GT. necessitates that reavirements are caleulated in detail 

  

and batches arranged to suit these requirements to a gneeific loading 

sequence to minimise char -ovex times. 
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With a random call-up of components it is not possible to plan loading 

sequences in this manner. 

Secondly the E.B.Q. by its random nature produces capacity fluctua- 

tions. In a large machine shop, these can be absorbed by balancing the 

random pattern over.a considerable number of machines. The use of buffer 

stores (progress stores) helps to overcome the problem of capacity 

balancing by providing a pool of work for each type of machine. Since 

two of the objectives of G.T. are rapid throughput time end low work-in- 

progress, the use of buffers to balance random fluctuations caused by the 

stock control system’can clearly not be accepted. 

(bo) Period Batch Control System 

Another popular production control system is the period batch control 

i.e. single phase-single cycle ordering system. : 

  

The concept is exceedingly simple: for each production period (week, 

month, quarter or other suitable time period), the exact requirements for 

each component are worked out to fulfil assembly or sales requi: nts, 

  

and batches eré loaded covering this requirement only (with possibly 

a a production adjustment for expected scrap and spares). Por each peri    

renent list is dx: nerated sccardi:     m up and batches     
Clearly if the same mix of products is manufactured during every 

   

    

   

    

period, the od requirements list will not change from one period to Pp 

y 

  

the next. ‘ven where a changin 

of the period requirements schedule may re   

only change in auantity} clearly it is a x 
   

compile a prepared component loading list and only adjust quantities    

for each period. Also, if it is as: t the shop is only called 

in its normal ¢ 

  

upon to produce assemblies or goods wi 

over every period, the period baich control can easily ensure that 

capacity balance is obtained during each loading period. 

    

fhe. period batch control system therefore seems to sa 

  

major requirements of a G.%. system. 

Burbidge goes even further than this and stateg the definite reqnire+ 

ments for production eentrol in a G.. system as follows (26):- 

i) a single-cyelle ordering system mst be used for cell<made parts, 

ii) 2 high order fremency (short cycle) mast be used.       d4i) with 
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and finished parts stock, especially sine 

     

nerates & 

  

  fimdamentally higher finished part stock than a stock control s   stem.     

  

This aspect of single cycle loading is explained further below: 

Burbidze accepts that single cycle scheduling using short cycle 

times ig often only feasible in a G.!'. environment where the oduetion 

system is organised in such 2 manner that small batches can be accepted. 

He further claims however (443) Phat "it is accepted today that period 

   

batch control is an essential ingredient for successful group technology 

applications" (where period batch control is symonymous with single- 

eyele ordering). k . 

(c) Stock levels in Stock Control end Single-phase, Sincle Cycle Control 

As mentioned previously, it can be shown that Stock levels in single 

eyole control ere fundamentally higher than in stock control systems, 

  

‘plained by means of simple stock move: 

    

in a stock control 

  

em ideal stock movement of finished parts ta: 

    

s follows: 

ST
OC

K 
QU
AN
TI
TY
 

— 
THRE 

  

  Je LEAD TIME 

f is the usage time for one batch. 

  At re-order level R a new beteh is ordéred which ideally arri 

  

store when stocks have fallen to the s 

  

ety stock Ga where T is the 

  

manufacturing lead time of the next ol. 

Quite clearly 
- i 

atoce Sue = Qs +4 GE Avex: 

  

The tots] av     
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(a) Stock level in a period batch control system 

In a period batch based system, assuming one 

  

mbly product only, 

xt of the a 

period. When all parts required for this period are in stock, assembly 

all parts are made over a period prior to the st:     bly 

ean comaence and stock is progressively dravn owt of stock in kit form 

over the assemble period. For capacity balance, say, one month 

assembly period must tie up one’ month of shop capacity and the total 

lead time must be one month plus throughput time plus kit marshalling 

time. 

The stock situation for random loading,and ignoring kit marshalling 

time,can be show diagramatically 

One. eveles~- 

  

St
oc
k 

LE
VE
L 

~~ ay,
 

w 

  

325 is the total parts requirement for one planning 

  

For several cycles:~— 

    

ST
OC

K 
LE
VE
L 
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For a comparison of period batch control and stock control, equal 

patch sizes should be assumed to give an equal manufacturing cost basis. 

In that case 

Gz = Qa: Q 

Thus in inventory control 5 

Steck Sise=2Qs+22Q 
‘end in period batch control — 

Sock STH Z2Q 
w 20; <22Q 
THEN Sraz < Srap 

Generally the safety stock would be less than half the batch 

quantity and hence, where the above simple relationshivs apply, a stock 

gontrol system will provide a lower stock holding than a period batch 

control system. 

In practice this is not necessarily so, since the inventory . 

control system does not allow as accurate control as the period batch 

control system. 

There will ab 

wildly between their control Li 

   

  

s be a great number of pa    
     declining prodwets is high and since Z.B.Q.'s are not generally re- 

srable number 

  

calculated on a continuous basis, there may be 2 

  

of parts which ere stocked, much larger than plann 

ezloulation. 

    There are three methods in ich stocks in a period 

  

       system can be reduced, all of ch apply to single cys 

and cannot senerally be used for stock control systems: 

    

(4) schedule riod. or: 
to load high value parts later in the pl 

    

   

  

   

  

(44) in a multi-assembly plant, id 
batched tozether and paz 
of assemblies. This 
the planning period 

holding. ‘i 

i assemblies c: 
ed for specific ba 

e effect of appar 
reducing the average st 

   

    

(44a) period batch control allows the use of “technological 

scheduling" where similar parts are grouped together using 

common set-ups. This reduces the set-up time nex batch 

drastically end allows the processing of small batches and 

hence short planing periods. 

(4) Schedule in Value Order 

  

    

By scheduling in value order and producing the most expensive 

parts last, a stock pet ds       term ag shown belo® is achic 

&B



‘or one cycle:— 

  TIME 

ASSEMBLY KIT PREERATION 

[green avnn-ve | Ler WS0E 

For several cycles:— 

  

  

g pattern not using The 

a Pareto hase 

dotted line sh       
  @ considerable reduction 

in stock value t 

  

(34)  Schedvii 

    

capacity balance, 

ignoring the assembly kib preparation time. 

eens    
     

AVERAGE srocK * 

a9



Stock pattern with assembly scheduling into three batches   

2 2 MALHINING 

i ASSEMBLY 

    
Avenaée stock &/3 

It should be noted that this does not affect batch sizes since 

the same quantities of parts are produced at the rate of only one batch 

per period. 

(441) Group set-ups 

In a company producing a wide ran,      

  

different assemblics in vantiti 

  

s economic batch size may 

  

batches which cover long : 

  

ly periods such as 6 to 12 months ahead. 

Two problems ar     ted to maintain economic 

    

by using long 

    
   

    

  

embly batching 
three months ce Pires a nine month firm order 

ble at any one time, This is in To 
d even if it were pos i 

£3 rm dee book, it could well be subject, 
tions and cancellations as the cus tomerd 
over the months, 

   

   

    

    

      bly ching means that similar m ines must be grouped. 
: togethér in any one planning cycle. That would mean 1 

delivery times would be fixed un to 12 months ahead 

y production constraints. This would certainly not be accept~- 
able to the customer. Fron a marketing point of view, an 

order cycle as short as possible must be aimed at. 

  

  

The practical solutions to cut the planning period are: 

  

ed s and offset 
rom, impo mtrol, 

ed our ciency « 

  
at



   

    

= to introduce group set-ups where fami 
on one set-up, spreading the set-up cost over 

of components. This is only really feasib: 

    

flow constraints between operations are such that the’ control 
of group set-ups over several operations is not feasible. 

In summary it can be stated that to get a reasonable stock holding 

with acceptable manufacturing cost in a single cycle control system, 

the following parameters must be maintained:- 

- the planning period is the same for machining and assembly. 

~ the onder cyele (i.e. batch size) is equal to one planning 
period. 

- parts are scheduled in cost order staxting with low cost items. 

- within a planning period like assemblies are grouped together. 

- high cost parts are produced on groun set-ups. 

     (e) Pech: neduling gical S¢ 

  

As stated earlier, it is nec ry to schedule parts in such en 

order that change-over times are minimised. There 2 eral ways of 

  

achieving this aim. 

If a complex part set-up is used, the problem is easy. It is only 

    necessary to group all parts together which are covered by ea set-up 

  

in’ tum and load components within any one set-up in any convenient 

sequerce. The only loading criterion is to ensuze that all parts within 

  

        a family t-up are completed before the next complex pz 

used successfully at Ferranti (31). 

  

This anproach 

  

The complex approach is only suitable for one machine as a 

    

xule, and if this techniave is applied to a cell. it can be used where 

ter basic set-up times than any othez machine 

  

one machine hes very much grea 
  

  

in the ‘cell. Often this situation exists in a turning cell where a high 

hines. 

  

set-up turret lathe is supported by low set-up 

It is possible to draw up a change-over matrix of change-over 

times between any two parts and calculate an optimum loading sequence, 

ninimising change-over cost using mathematical techniques such as 

linear programing. 

  

This approach has in the past been suggested by Ay but is only 

  

acceptable fora smal] number of parts and constant losadhh 

justify the effort involved.



(ft) Overall Machine Shop Scheduling 

able problem to schedule 

  

In a batch production shop it is a consid 

and progress work from operation to operation through the shop. Consider— 

able progress effort is required and a number of techniques of lead-time 

predictions are applied, one of the commonest probably being the "one 

operation-one week" rule where one week is allowed for the completion of 

each operation, ie 

More sophisticated systems use a Gannt-chart-type scheduling 

hoard or computer assisted scheduling, | Both these techniques require 

operation~by-operation progress feed-back to update the data used to 

schedule the shop, 

In G.T. the problem of scheduling is greatly simplified: 

- each cell can be treated as one synthetic machine and thus all 
parts produced in cells can be treated as sinzie-operation 
parts poe 6 machine progressing to neglis able proportions. 

8 ary for production control to issue batches 
and monitor the output of each cell te 

  

  

    

    ~ he Lead time of a cell and in particular a flo 
short 2 much more predictable. Lead t 
be clo: ecified, 

ine is very 
ean therefore    

        

   

y to issue 

: indicates 0 
comple 
   

  

par 
such p: 

Within each gell the work can be subsequently scheduled on a small   

  scale. Varyiug degrees of work are involved depending on the nature of 

  

4 

  

the product cell a: -f low. 

7 line it would be no 

   the: wor’ 

    

production control to issue 

duling 

In. 

L for 

      

   

correct sequence for machining and no further sct 

ce the sequence of operations is self—dete    

  

3 of intexr-cell scheduling is req 

  

cell, 

  

where @ more complex pattern of cell work flow exist 28e3 

the size of the cell, coupled with the limited variety of work make it 

possible for the cell leqder to schedule the work. 

din @ complex cell, a cell schetuling clerk may be used for detailed 

  

inter-cell scheduling, 

  

One well cover more than one cell and the total wo: 

  

    n in a conventional mi 

  

would st.



Some companies (e.g. Ferranti) have found it beneficial to use 

computer assistance for internal cell scheduling, but in most cell 

systems this degree of involvement ought not to be necessary. A 

problem with computerised cell scheduling is the long delay period 

for data processing in relation to the short throughput time of the 

cell. It is likely that, unless on-line control is used, computerised 

schedulins may well increase throughput times rather than reduce them, 

(g) Capacity balancing of cells 

The balancing of capacity is more critical in a cell than in a 

functional machine shop, The latter uses buffer stocks to balance 

capacity and the greater number of machines allows more flexibility. 

Two types of capacity balance must be distinguished: . 

  

The term "static capacity balance" is used here to refer to the 

overall balance of capacity for all machines over an overall production 

  

period (e.%. one month), It is necessery that work for cells is 

  

   

  

   

      

   

selected such that a reasonable overall average machine utilisation is 

obtained and that the total capacity requiren 
  

is met by the machines in the cell. S$ 

established during initial cell de 

allocated to individual cells. 

from period to period, x 

It is ensure that an adequate sta   

generally not ne 

  

sary to periodically check capacity on all machines 

in eech cell. A cell is likely to have one or two key machines (or 

machine types) which are most highly utilised, and if the overall 

somponent mix remains approximately constant, a periodic check on the 

key machine load alone will test the cell capacity position. 

4i) Dynamic Canacity Balence 

  

Even if the static capacity -balance of the cell is adequate, 

severe capacity problems ean result from the method of loading parts into 

the cell. If the production content mix for the range of components 

vari across the items scheduled for each cell, it is possible that 

  

during sections of the production cycle ce 

  

in machines becone severely 

   overloaded and o y underloaded. 
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Where floating labour is used, this problem can be great] 

  

y reduced 

by channelling labour into specific overload area. Where a cell is 

expected to cope with several families of parts, this approach mey not 

be acceptable. One can visualise, for example, a case where gear 

blanks and other dise type components are producéd in one cell, where 

gear blanks are sufficiently similar to be loaded together for part 

of the production cycle followed by other parts for the remainder of 

the cycle, 

Depending on the length of the production cycle, either a poor 

gear cutting machine utilisation or substantial buffer stocks would 

have to be provided. 

A number of solutions to this problem are possible:— 

i) split a cell into a number of rough sub-groups and fee 
several families of parts in perallel. 

     
ii) attempt to form tooling families which accept a good spread 

of cell component types in each set-up. This may not be 
easy, but where vossible, provides a useful solution, 

iii) accept buffer storage at cer 
flow line. 

   
    

  

n points of the cell or 

iv) use floating labour in conjunction with the above solutions, 

A capacity check can be underta 

preduction cycle and listing cumula 

  components. A survey of comparative cumniat. Hine     

  

would indicate particular capa 

lend itself well to data proce 

  

y bottleneck: 

ssing by computer. 

able work content in this analysis and it lends fur 

  

argument that in a reasonably constant production m 

  

   

  

standard loading charts should be v ch are marginally modified 

from period to period. This would gta ise the dynamic capacity 

position, and only with major production mix cha: would further 

checks need to be undertaken. 
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2.5.5. WORK STUDY AND 

  

When introducing G.1., payment schemes must be considered from 

three points of view: 

i) which incentive scheme is suitable for a cell system of 
manufacture? 

ii) how can the anticipated increase in productivity be fairly 
shared between labour and management? . 

iii) how will varying rates affect labour flexibility? 

Turning to the first point, little has been written to date regard- 

ing incentive schemes and G.2. Individuel incentive schemes are 

generally used in the engineering industry and there is often a wish to 

continue these to avoid labour problems in the introduction of G2. 

Individual incentives can hovever cause problems in terms of an 

excessive number of bookings and also with different rates for different 

  

jobs ere floating labour is used. Group incentives come to mind and 

ere no doubt worth considering, especially with regara to the ease of 

bonus calculation. In a grovp incentive scheme it is merely required 

to log the output per week of each cell and pay according to actual 

rd. 

  

output compared with a stand     

Fazakerley (111) has considered the problem of group incentives 

  

and observed that there are considerable problems 

t is claimed that in two schemes good results were achieved, where: 

these were useds 

        

tta) there was hon and skill} in 

  

the group. 

d) the men had had some say in the member 

and hed agreed to the system prior to i: 

¢) ‘the men were compatible on grounds of personality". 

It would seem that a sy such 

  

2m of fixed or semi-fixed pa; 

  

as measured day work may well supply the answer by maintainins individual 

incentives but allowing greater flexibility. 3 gr 

Tuming to the second point it must be recosnised from the onset 
  

  

that, if productivity improvements are to be gained, operators must 

be given the opportunity to share the savings with management. A 

suitable productivity agreement should be agreed. Management can 

simplify the 

times to be permanent, so that labour are rewerded in any productivity 

  

erocedure of such a scheme by acceptin existing allowed 

  

improvement by proportion: ly inexea     B8E8~ 
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Whilst this appears to be a high level of incentive, it must be 

  

remembered that overheads may be two to four times direct Inbour 

cost, and where increased output can be sold, virtually all overheads 

may be considered variable so that the gain of management would be very 

much greater than the gain to operators. 

To guard against abnormally hich earnings in certein ereas it cen 

be proposed to peg an individual ceiling bonus and to pass any excess 

into a common pool to be shared out on a group or overall shop basis. 

Thirdly, a vroblem exists where different basic wae rates are 

used. G7. demands a derree of floating labour and where operators 

on different michines have different wage rates, floating labour is 

unlikely to be acceptable. Furthermore there may be claims that 

operators who can operate more than one machine type should be paid 

on a higher basic rate than operators who only operate one machine. 

These problems can become quite complex and job evaluation may provide 

the only plausible answer. 

  

Arm (116) has devised a job evalustion based measured day-work 

type of system which effectively develops a variable day-rate incor- 

porating such factors as job evaluation, personal. 

  

   
seniority 

  

a experience rating, quanti erformance rating and 

Quality rating. Whilst the sys 

  

is fairly complex it provides a   

  

sound ba for a payment scheme (Pig 22). By an ingenious method 

  

of using two graphs for performance eval: it is possit 

  

to. 

balance the quz 

  

¢ to get an optimus 

assessment for different situations (Fig 23). 
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FOR A G.T. PROJ 

  

3.1. INTRODUCTION 70 THE PROTHCT 
  

During summer 1971 the Bentley Engineering Group Lid., Leicester 

were introduced to Group Technology:vhen the Group Managing Director 

advised the Group Production’ Engineer of a B.I.M. symposium on G.T. 

end requested that an engineer should attend. Following the appoint- 

ment of the Joint Managing Director (Encineering) in the Bentley Group 

subsidiary Wildt Mellor Bromley Ltd., the Group Production Engineering 

Department took up discussions regarding G.T. application in this 

Company. 

The Joint Managing Director decided to pursue this possibility and 

invited Professor Thornley of Aston University to make en initial” 

assesement of the potential usefulness of G.T. in two of the three 

plants of Wildt Mellor Bromley Lid. 

Professor Thornley's mejor conclusion was: 

  

“From the experience gained during the visit and from past 

  

   

experience in other similar companies there is no doubt that Grouy 

Technology can be applied in the Leicester Factory to the advantage of 

the company. Some problems may be encountered with regard to the 

methods of planning the work through the cells and the methods of payment 

systems to be employed. These however are not insurmountable and with 

a little thought will be overcome". 

On the strength of this report the authority was given to proceed 

with a feasibility study in December 1972 and the author was seconded 

to Wildt Mellor Bromley Ltd., on a full-time basis and some months 

later transferred to the staff of this Company. 

The plant concerned was the Aylestorie Road plant of Wildt Mellor 

Bromley in Leicester which was considered to be mach more suitable for 

G.T. by virtue of its wide product mix of inherently similar assemblies 

and its particular manufacturing and organisational problems. 
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3.2. WILDT MBLIOR BROMLEY AYIBSTONS ROAD PLANT I, 

3.2.1. THE COMPANY 

Wildt Mellor Bromley Limited (W.M.B.) are makers of circular knitting 

machines for industrial purposes. There are three plants, each with its 

own product ranve, 7 

The Aylestone Road plant’ produces besically two types of "body 

dength" machines, namely:- 

Rib-type machines 

Purl-type machines 

in a variety of complexity and size, but with a high degree of common= 

ality in terms of overall product features end component geometry. 

The machines are complex assembly umits of capital value renging @epproxi- 

mately from £5,000 to £15,000 each. These machines produce patterned 

  

nater for pullovers, dresses etcetera to suit different sizes and 

  

ying patterns. The material is kmitted in the form of 2 continuous 

    

rnents for cutting and « 

  

tube divided into suitable’ lencths 

The plant capacity is in the order of 600 machines per year with a 

labour force of approximately 500 direct, 330 indirect and 240 starr 

employees. 

  

As mentioned previously, there are two basic types of machine 

  

produced at Aylestone Road: 

(i) Rib Type (Fiz 24) 

These break down into several sub-groups of different 
models and sizes, ely:- 

(a) RIR4, RTR2-4, RTR2-6 

  

Sizes: 43" 44" 45" 16" 47" 18" 207 oon 

() RIRS, RTR8/B, RTR12 

Sizes: 18" 20" 22" (HTR8 & 8) 33" (RTRI2) 

The RERS/S machine is distinguished from the 

RIRS machine by its use of an electronic type 

pattern control, which is supplied by a 
specialist contractor. 

(ce) RE, RW 

Sizes: tat sar 4AM aot 36" ge A@ieeo* aon



(43) Purl Type 

(a) spy 

Siges: A618" 20% Be" 30" 

(b) SPJ/DE 

Sizes: 22" 30" 

The SPJ/DE machine again uses an electronic 
pattern control purchased by Wildt Mellor Bromley, 

Within each major sub-groun there is a high degree of commonality 

of structural parts, but most functional parts related to the knitting 

action are different for each size machine, even though they are 

geometrically similer zcross severe] sizes. 

The tot2l range of current parts is estimated to be in the ordex 

‘of 10,000 to 15,000, but the Aylestone Road "current" drawing files 

contain 26,000 part numbers, many of which are now obsolete or only 

  

required for spares requirements. 

The Company is at present attempting to rationalise its product   

range by limiting the variety of machine sizes offered to the 

        

and at the same time provide for a high degree of varts con 

  across rib ani purl machines, 

From a G.T, point of view, it should be noted that the com 

spectrum of the new machine models is likely to be 

  

2 

current m s, and &T. cells will not require any major cha 

  

  daring 

  

whe change-over periods 

  

A typical 

  

hine contains around 1,500 different    
2,000 to 3,000 srecialist pressings and needles purchased from a sister 

     Company in the Bentley Group. Of these machined parts, ty       

500 are made in-house, 300 are sub-contracted and the re 

    proprietary purchesed parts. 

  

assemblies can be gained from Fig 25 which shows speci areas of one 

machine, the RTR8 22", (though by no means the total assembly). 

There are certain "natural families" such as cams and larze turned       
eastings, but in terms of the total component spectrum these are in the 

minority. 

A review of the component range in a spares catalogue does however 

give the impression that the majority of parts are likely to fall into 

well defined families of parts. 

The overall sales pattem of the 

  

up to twelve months ahead and is quite fixm for 6 to 9 months ahead 
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The sales forecast works on a basis of firm orders and Agents’ alloca- 

tions and the order book is such that the greater proportion of machines 

are covered by orders for up to 18 months ahead. 

Whilst the product mix varies quite substantially over a period of 

years, the fundamental similarity of machines is such that this affects 

the component mix only insimificantly from a processing and capacity 

point of view. = 

3.2.3. THE PIANT 

The Aylestone Road plant consists of several interconnected buildings, 

generally low-roofed with close stanchion layout, limiting layout possib- 

ilities. A number of additional buildings have been erected over the 

years to house various activities of the plant. . 

The plant is laid out in a functional layout with a small amount ef 

grouping of a number of processes on a specialty component, the "cylinder", 

The major machine shop sections are:— 

Turning 3900 sq. ft. 

Milling 5900 sq. ft. 
Drilling 2800 sq. ft. 

Grinding 3000 sq. ft. 

Cylinder Production 7850 sq. ft. 

Each section hes its om progress a for x        

    
important feature is the low degree of small turning, caused by a sub- 

contract policy which provides for virtually 411 small turned components 

  

to be purchased from outside sub-contractors. A high degree of skill 

is generally applied in the shop and most simpler parts are also sub- 

contracted, amounting to about 35% of all part-numbers of machined 

components. 

The plant covers a total area of 133,000 sq. ft. manufacturing area 

split approximately into:— 

28000 ag. ft. machining 

42000 Bast te assembly/test 

64000 sq. ft. services, stores etcetera. 

including offices, garage ‘etcetera.   

There are approximately 170 machine tools used in direct production, 
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Some salient produetion control factors are:~ 

Average batch size 3% months usage 

Average throughput time 13 weeks 

Production Control staff 41% of direct labour 

All direct personnel in the plant are skilled and paid on the same 

base rate plus incentive bonus. There is only one negotiating body 

consisting of the section shop “stewards and the shop convenox. 

Bach section is supervised by @ Foreman who is responsible for his 

section only. 

3.2.4. THE PROBLEMS OF THE PLAN? 

Like in most Companies, there exist at present 42 considerable number 

  

+ W.M.B. eecentuated by several cixcumstances which result 

   re existed 

  

difficult Manegement environment. Th 

  

   during the period of the G2. investigetion a poor morale, soaring stock 

No criticism could be made at the 

  

decreasing profitabili 

    

    tuation, which y improved as 

fast as was possible, 

  

ne key problem 

  

are those specified below:— 

  

(i) Wide variety of ports required in small numbers 

  

   

ponent range for the type of knitting machine involved 

ndeed,; reguiring small ha and en extensive 
rol effort. 

      

   
   

Consifering a typicel content of 1300 machin 
machine, ild of 600 machines ne     

        

    
arts per part 
ronshputs time 

months, 

    

  

        
43,700 batch 
with a bateh 

averasze of 6 
operations lo: 

  

per working aay of 2 

£ The number of com 
d per working day would therefore be 

(ii) ‘The complexity of the component ranze hag led to considerable 
pro& lems in production control. A mudimentery B.B,Q. approach 
is used in which batch sizes are determined by practice end 
experience to allow a reasonable spread of setting times. 

    

(444) Tack of Data 
r 

The Ay] ant suffers 

Om, 7 s it excee ding 
ake proper decisions. 

   
   

  

from @ poor level of informa- 
difficult for ia ent to         



(iv) 

() 

(vi) 

(vii) 

(viii) 

Poor Morale and Labour Relations 

The Aylestone Road plant hed a particularly low level of 
operator and management morale at the time when the G.1. 
project was introduced. There was some degree of conflict 
between the older, established manazers and the newly appointed 
ones. Managers in general suffered from a poor level of data 
and control and felt frustrated in their effort. 

  

Competitive Pressure. 

Whilst there used to be 2 sellers market for the Aylestone 
Road product in the past, there was,by the time the G.I. 
project was started,a reasonable dezree of competitive 
pressure, and profit margins tended to reduce as there was 
less opportunity to pass increased cost on to the customer. 

High Inventory 

As mentioned earlier, component requirements tend to be. low 
at W.M.B. leading to batches covering long usase periods. 

An excessive finished part stock had been built up. Work-in- 
progress was high and this was caused by two factors:— 

    

fa The functional layout together with e high average 
nunber of operations per part led to long average 
throughput times, sed by the high cumulative 
progress waiting time. 

    

- Production control problems ntuated the problem 
resulting in part-comple tches not on a shortage 
list having prolonged throughput times. 

   

    

   
The inventory figures shown la 
seriousness of 
was on its own 
suitable manuf. 

& 27 demor t. 
machine shop quite ele ly. 

vr in this report shew the 
s situation and 2 of invent 
reat enoush 2 ort 

hil 

     
       

        

    

  

    

  

   

  

Poor Delivery Record 

The Company found it increast 
acceptable delivery record, mainly 
to maintain its production proxr: 
specifies an output of 'x! 

Production Botjlenecks end Lack of Capacity imowledge 

Over late 1972 and 1973 there was a trend Rowena jarger 
diameter machines, which changed the production mix to 
create bottlenecks in certain arees sich as milling and 
drilling. Because of the lack of capacity plan r 
had not been detected earlier and caused’ a 
for the assembly shov, 
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(x) 

Poor Incentive 

A piece-work bonus system exists in the plant, in which 
allowed times are derived by observation and negotiation. 
Bearing in mind the strength of labour, the absence of rating 
during time studies and the-age of many time the level of 

allowed times made it easy for operators to earn their bonud. 

  

    

A further problem associated with this situation is the 
tendency of operators to hold back job cards and component 
batches until they wish to book in the operation in question. 
This leads to increased throughput times and unpredictable 
completion dates.’ * 

The Functional Layout 

Tne shop is currently leid out on a conventional functional. 
resulting in the us’ control problems, i.e. 

the whole factory is one complex interlinked manufacturing 
system, too big to control efficiently as one mit. 
Whe work-flow between sections causes considerable pri 

    

   

          

There is ’s 
of course 
number of 
    

movement, 

s All of tr 
ut and high cost penalty for 

ches are of course jeal for any functic 
trying to cope with a bit 

  

        

   

      

  

   

  

     
1 out shoo 

vironment. 
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3.3. JHE DECTSTON TO STUDY G.T. aT AYLESTONE ROAD 

A number of factors appear to make the Aylestone Road plant 

particularly suitable for G.T. As indicated earlier the key factors 

of the existing manufacturing system are as follows:- 

- Complex product with many piece-parts and low average usage. 

~ Hish batch sizes in ‘relation to their usage but in keeping 
with E.B.Q. theory to balance set up times. 

- <A functional layout. 

- Long through-put times. 

- Increasing W.1I.P. and finished part inventory. 

= Poor morale “65° * 1° ' 5 

~- ‘Inadequate control systems. 

- Components appear to group into well-defined families, 

There can be little doubt from a review of these factors in 

reletion to the earlier discussion that this plant is ideal for G,T. 

introduction. 

  

The key factor is the relationship of component to batch     

    

  

  

Unless batch sizes are reduced there can be little opportunity 

any reel impact on finished part stocks. But, of course, to cut b: 

sizes without excessive cost penalty, a y must be found to cut setting 

  

up +4 » Without a cell system of manufa th technolos-       

  

ical scheduling it is impossible to make a real in jon on set-up 

times and only expensive tooling and hish-cost machine tools 

  

W.C. machinery are likely to yield any benefit. AG... approge!     

likely to yield greater benefits at lower capital cost and more 

  

simplified administration. 

  

There appears to be a "classic" case for a need of the main features 

o-       of Group Technolosy, embodying the cell system of manufacture, a sin 

phase, single cycle production ordering system and technological schedui- 

ine to solve the problems of this plant. Considering the particular 

relationships of part-usage, component range and component complexity 

it is difficult to visualise any other manufacturing system capable of 

coping with this situation with any degree of efficiency. ; 

On the basis of these thoughts, terms of reference were set ont by 

the G.T. team and presented to management in a preliminary report during 

May 1973 as follows:- 
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(4) 

(44) 

(411) 

tay) 

{v) 

(vi) 

(vii) 

(vida) 

(ia) 

To study the feasibility of using G.. at Aylestone Road 

factory. 

fo make an analysis of the current manufacturing system and 

design a manufacturing facility based on G.T. principles. 

fo undertake such data collation and analysis work necessary 

to design the system (i.e% coding end clessification, operation 

sequence, times, plant data, audit data etcetera). 

To present to Management a full report of a cell layout 

together with a provisional loading pattern. 

The report to contain the information required to implement a 

pilot cell subject to Management approval. 

™o offer recommendations for support systéms such as production 

gontrol, process planning, work study, training end to discuss 

these proposels with heads of department concerned during the 

analysis s%: m “2 

      

   
ement the G.T. s; 
idance to all de 

Subject to Management approval to i 

provide overall project control and ¢ 

affected. 

Po subsequently study G.'f. at the Bookham end St. Saviour's 

Road Plant 

The G.T. 
person de 

    

stem, to 
‘tments 

  

  

        

under in 
guidance of Pr 

es



3.4. ORJECTT 

Following an initial review of the product ranze, a survey of 

r GT. PROJECL 

    

Company's problems and a sample coding exercise, a number of objectives 

were set, namely:— 

(4) 
GED) 

(434) 

(iv) 

(v) 

(vi) 
(vii) 

(wiii) 

(ix) 

Simplify Management control. 

Reduce progress inventory. 7 
Reduce inventory in assembly kits awaiting shortages. 
Improve delivery performance to the assembly shop. 

A 50% reduction in work-in-progress and finished part 
stocks was set as an initial objective. 

Reduce progress effort. 

& saving of 4 to 9 clerks and progress chasers out of a 
total of 14 clerks current employed was set as a target. 

Rationzlise sub-contract policy. 

Revise methods as a basis for improved productivity. 

The introduction of group tooling, power clamping and 
pre-set tooling was one of the initial aims of the study. 

Improved working morale. 

  

Reduce floor-to-floor time. 

Form 2 design retrieval cate tee as & basis oy ata 
isation and ratior 

Ultimately study the total mem 

(a) Scheduling for 
finished part 

   

        

      
   

  

    
bly only.    

   (») 

          

moly to asseubly 

   mbly stocks 

(c) Setting w 

sub-assem 

(a) 

  

        

assemblies as al: 

builders, Such a 
by @ competitor of W.M. 

Develop proper Management control. 

fhe need for proper di on and mainten 
much tishter controis 
naturally @ neéd to renee 
G.T. requirements, and it Ss hoped at ‘the time 

nroject would lead the way towards more adequete-Ma 
controls, and in particuler, Production control. 

    
   

  

    

  

suit 
the Gf. 

agement: 
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3.5. PROJECT INTRODUCTION 

3-5-1. PHILOSOPHY OF ANALYSIS. 

There existed about 26,000 drawings in file and around 10,000 

current parts were used at the time. It was felt that a total component 

range analysis would firstly be too expensive and secondly too time- 

consuming. ; 

There was a danger that a prolonzed analysis would result in a 

loss of management interest. It was therefore attempted to develop a 

reasonably aceurate and quick method of enalysis. 

There were two fundamental approaches: namely production flow 

analysis or clisssifications and codins. It was decided to pursue the 

family formation using classification and coding techniques. The ~ 

following reasons seemed to favour this approach:- 

The poor level of data availability made it difficult to apply P.F.A. 

or C.F.A. without 2 considerable amount of initial work. For example, 

process planning sheets only indicated the production process (i.e. turn, 

mill, grind,) and not the machine tool involved. It would have been 

    

necessary to specify all machine tools for a1] operations on 4211 curre 

planning sheets, 

le e design 

1 to use the 

  

One of the objectives of the project was to con 

  

retrieval catalogue for design purposes. Tt was bene. 

  

data thus generated for both design rationalisation and cell 

  

respectively. 
   

The literature seemed to indicate that classification end coding 

is the favoured epproach to G.. in a general engineering, small bateh 

manufacturing environment. There was insufficient evidence of successful 

applications using P.P.A. or C.F.A. and there was the case of the W.M.B, 

competitor Stibbe Ltd., who, following a C.F.A. based project, had not 

progressed 23 far in G.T. as one might have exvected (66). 

Having decided on the classification end coding approach, preference 

was given to 2 sample based analysis. A number of advantages were 

expected from thie approach:— a 

“The analysis work would be greatly reduced and computerised data 

processing and other sophisticated techniques could probably be largely 

iznored. This would lead to 2 reasonably quick analysis at an accept- 

able cost. 

1O?



The work done by various workers in work-piece statistics seemed 

to indicate that this was a valid and accurate approach. 

Within the range of knitting machines built, all models tend to 

have a fairly similar product mix? there was therefore a fairly well 

defined component range without undue bias towards any one machine 

type. 

The production planning process was particularly poor when the 

analysis was started and there ‘was little information on future demand 

patterns for individual components. Only by taking a suitable sample 

and extending its quantities to cover an average yearly machine build 

programme could a reagonable assessment of annual capacity demands be 

made. : 

Once these key factors had been decided, the subsequent project 

stages were almost self-determining. 

The main project stages could be laid down es follows:— 

- Select a sample of components and caleulate its equivalent 
amueal usage. 

- Select (or d 
and test its 

- (Code all perts in the samole. 

gn) a suitable classification and coding system 

usefulness. 

    

  

- §plit the sample into families. 

- Break the 

   
hine shop into cells to suit these famili CSe   

    

    

- Caleulate cell capaci s and design the manufacturing system. 

= Code all. current parts, 

- Based on code features for each cell derived from the sample 

analysis, split the tot 4 range into families to      

suit each provisional cell. 

    

- Ona cell-by-cell bas 

Obtain component demand pattern. 

  

Obtain operation times. 

Obtain machining sequences. 

Verify the capacity balance. 

Make necessary changes and modification to "clean up" the 
flow pattern in each cell. 

Specify machines, labour and tooling requirements to establish 
the cell.



   
3.5.2. ‘THR INTPIAL PRommer 

To provide an overall plan for the execution of the project and to 

demonstrate to management the extent. of the work involved, 2 critical 

path chart for the feasibility study was drawn up. This was converted 

into a Gannt-type chart for issue to management (Fig 28). 

In the event, the project plan was not adhered to as planned 

originally. Towards July 1973 a small plant became available and it 

was decided to set this up as a test plant. Consequently priority was 

given to the initial cell design and establishment which, in view of 

the requirement to lay-out and service a complete plant of 50 direct 

operators, took much more effort than had been planned for the first 

cell in the initial project plan. 
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3.6. SAMPLE 9s 

  

coping. 

  

As mentioned earlier, a st#mple analysis was chosen for the GT. 

project for a number of reasons. 

The selection of a suitable sample was given some consideration 

and two "typical" assemblies were chosen as @ representative sample of 

the whole product range. 

Other techniques of sample ‘seleotion were not appropriate for a 

number of reasons:~ 

- specific period order input or stores receipt was difficult 
owing to the use of zen E,B.Q.-based loading system where 
batches tended to cover lone usage periods, There was thus 
a danger that any a sized selection period could miss 
out vital components 

  

      

- mrendom sampling of live ult in the 
absence of a convenient 1 

Furthermore, the existing production   

  

that populer components had to 

    assemblies to obtain at le 

 



Tt will be recalled that W.M.B. Aylestone Road make two types of 

knitting machines, namely:- 

Rib Type Machines (RTR, RTW, RSC) 

Purl Type Machines (sPs) 

Machines within each of these two types tend to be fairly similar, . 

A typical knitting machine contains in the order of 1,500 drawings 

excluding proprietary purchased parts. It is thus feasible to construct 

a manageable sample representative of the total product range to a high 

degree of accuracy by taking a full set of drawings of one machine model, 

out of each of the two main types, rib and purl respectively. 

The choice of selection is affected by the following factors:— 

(i) The machines chosen should be produced in sufficient 
quantity and should be of sufficiently long standing 
for established cost records to exist. 

  

    
(43) Since the product range is rationalised at present, 

the sample machines should reflect the future re:     
      

   

  

ment, and speci ally the recuirement t 
of 1974 when the first cells could be imy 

  

A s the end 
mted. 

(444) The complexity of the machines should juately 
represent th of complexity, of the 
rib and purl respectively. 

        

A sample was therefore chosen as follows:- 

(4) Rib type machine:+ 

Chosen sample machine:~ RITR 8-22" 

(ii) Purl tyse machine: 

Chosen sample machine:— spy 18" 

The above sample represents the manufacturing ‘requirements as 

follows:-



Current Model 

RIR4 Plain 

RITR4 Mechatape 

RIR2-4 Plain 

RPR2-4 Mechatape 

RTWS 

RIC 

RER12 

RTRE 

RIREB 

SPJ 

seg (DE) 

Rationalised programme: 

Model 
RTR4 M 

RIRS M 

RTWS 

RIR12 

RIC 

SPJ M 

SPJ DE 

  

95 

69 

40 

27 

40 

34 

30 

159 

43 

Quantiti 

402 

40 

40 

27 

  

RIR4 Mechatape 

RIR4 Mechatape 

RIR8 Mechatape 

RTR8 Mechatape 

RDS 

  

RIRS Mec 

  

SPJ Mechatape : 

spy (Da) 

    

343 RTR8~22" 

 



It can be seen that it was possible to rationalise +} 

product range into two models only, 

quantities to be equivalent to the preposed an: 

on the total product mix. 

  

total   

      mal build    
with corresnondin 

1 build load based 

  

The analysis was therefore based on the assumption that W.M. 3B. 

build only the RTR8-22" and the SPJ18" machines respectively at 

annual build quantities of 

RiR8-22" 

gpg18" 

ae 343 mechines per year. 

t= 202 machines per year. 

Ws



SeTe THE CODING SYSTHIE WOR THE GT. PROT 

  

3.7.1. INPRODUCTION 

Following a review of the literature on component coding and 

classification, the following coding philosophy was adopted:~ 

(a) Use a geometric code for family formation. 

(bo) Use a produetion data code for flow analysis and production 
systems design. 

(c) Place all information on 80 colum punched cards for data 
processing, 

The literature seems to indicate that neither the geometric nor 

the/ production code would fully satisfy all reauirements of the analysis 

and the dual approach was more likely to yield the most eoodomice] 

overall results. Within this general philosophy the code was developed 

in detail as follows: ‘ 

367-20 GEOMETRIC CO 

  

iB
 

Again, following the review of the lit rature it was decided to use 

  

the Opitz code for this study. The reasons were as follows:- 

  (a) Previous exercises by other wor 
whilst critic 
of this code, those 
generally found it 

  

     

         

  

10 have us' 
sfactorye 

  

dit for GT. x 

(b) ‘his code is rapidly establishing itself as a Buropean 
Standard. 

(c) The code is readily aveileble in book form from any book 
shop, and it is not necessary to engage consultants for 
its implementation. Also, s iciently ac e advice 
is available from Universities or the Group Technology 
Centre if any difficulties are experienced with the 
interpretation of certain features of the code. 

  

    

  

    

    
  

By management constraint the possibility of a specialist code 

installed by consultants wes not acceptable in any case, FPirthermore, 

an initial visual review of typical assemblies seemed to indicate a 

spread of component features which was likely to be consistent with the 

requirements of the Opita code.



The literature seemed to indicate that it might be useful to 

inelude a second size digit (i.e. a diameter as well as a length code 

for rotational parts and a longest edge length and shortest edge for 

non-rotational parts) and this feature was included in the code. 

Certain other minor changes to the supplementary code were siso 

included to suit the specific requirements of the project (Pig 29). 

3.7.3. PRODUCTION FLOW CODE 
  

Once families had been selected by sorting on the Opitz code, it 

would be necessary to test the flow suitability of these families. 

For this it was necessary to list for a family in question the constit- 

vent parts together with the machining processes used and the operation 

and setting times; also important was the sequence of operations.- 

fo define the recording of such production data, a number of conflicting 

ments had to be weighed and a suitable compromise solution found. 

    

Current operation sheets (Fig 30) gave a broad description of the 

process, specifying generally a process, e.g. mill, drill, but occas- 

ionally a machine, e.g. 'W & BY, 'Vero Drill’. Tt was     
  

   

  

initially’ cor 

to use an up-to- list, code the machir ‘and     

  

machine code to each operation. This would have been a very time- 
  

consuming proc and would have tied up and supervision      

time. It is likely that the project as a 

considerable goodwill in the process. 

The need for such detail was theref onsidered and afte:     
   

thought a new point of view was developed, in which the production flow 

data is split into six broad areas, nemely turning, milling, dri 

  

grinding (straight), grinding (circular), others. 

  

   This decision was justified as follows:~- 

  

(2) There is penerally sufficient da 
ne speci 

in the Opitz code to 

fic machines within each of the broad groups. 

  

    

(b) ‘The more complex the machine data, the more complex the 
flow patterns generated by the analysis. It is a problem 
of production flow analysis thet it is difficult to 
establish the correct flow pattern for a family of parts 
if the flow is spread over a great number of ma Mines 
falling into basically 4 small nutiber of fundamental 
processes. The purpose of thé G.T. enalysia is, to 
recognise these simpler flow pattems and to use 
production engineering techniques to fit as many parts 
as possible into this pattern. 

    

  

  

  

     

 



To obtain an indication of sequencing of operations, two methods 

are possible:— 

(4) Free format, sequential recording of operations using a 
process code for different processes, 

(ii) Fixed format recording of processes in which each process 
has a fixed field on a punched card. This is acceptable 
if a sequence code is applied indicating the position of 
each process within the flow pattern. 

The second approach was chosen. This offered two advantages, 

namely economic data processing and better visual presentation of the 

data by listing processes in distinct columns, A sequence code was 

applied to each operation starting from 1 up to 9 denoting successive 

operations. Where one process was used more than once for a component, 

it was dealt with in one of two ways:- 

  

If operations using the same process more than once were - 
consecutive without intermediate processes, they were treated 
as one operation for sequencing purposes. Where they were not 
consecutive, the sequence code 0 was applied indicating that, 
based on current methods, the process s used more than once 
at different stages of the flow. The letter informa a 
was not very high but it was felt that to use a more complex data 

processing technique to give a greater detail of sequence defini~ 
tion could not be justified. 

  

   

      

From a flow line point of view, it was important to know if a 
process would be used more than once, even if the operations 
would be consecutive. If the process was used, say, twice in 
this manner and only one machine is prov a bottleneck 
could occur since the totei batch would 2 to be machi 

we the machine concerned could be reset for the next operation, 
To highlight such cases, le-digit frequency-code was used 
to specify the number of times a process was used on, each 

component. 
A further important piece of information required was the 
operation time, Normally the setting time and operation time 
should be listed separately. However at W.N.B. no setting time 

were kept, and recorded times were calculated by dividing 
batch time including setting time by the batch size. 

The recorded allowed times therefore included an allowance for 
setting. This was not an accurate measure since it implied that 
setting times varied with batch size. Furthermore, this could 
cause problems when the expected reductions in setting time would 
be accounted for in the cell designs 

     

  

          

  

     

  

   
  

    

  

    

    
  

  



Be7-4-. FURTHER CO 

  

_ Certain additional features necessary or useful for the enelysis 

were included in the code. These are described bellow:~ * 

(i) Number per machine < - v 

The avantity of each part required per ase was listed as a 

straight "no. off" using an up to 3 digit number. ‘This auantity was 

required to calowlate annual cell loads by multiplying the operation 

times by the mumber of parts per machine snd multiplying the product 

by the numbex of machines built per year. 

Since the annuzl build progremme had been rationalised for this 

analysis to be represented by two sample models only, a close apfroxima~ 

tion of actual cell loads could be obtained by this method, using simple 

arithmetic. 

One peace area which had to be considered closely in the ar 

  

was the current level of purch2 

Parts affected had to be analysed 

and specifically suncontractinz, 

  

    if current suboontrac 

policies were compatible with the proposed cell structure    
   changes, if any, would be nec 

A single-digit code s therefore applied specifying the source of 

  

     As: dele e in use, stibcontracted (crown factory), sudcont     
(outside supplier), purchased proprietany part. 

The gource code took account of sub-con 

them for 

  

jal analysis by including subcontract codes split into 

    

catexories, "fully subcontracted", "first on subcontracted", “last op 

subcontracted" and “internediate op subcoritracted". 

(131) Spec 

Certain special parts peculiay to the knitting machinery industry 

  

ts 
  

or certain rearts known to occur in clearly defined families were coded 

for convenience and easy Sonia ae This was-thought to be useful in 

the analysis stam. 

A simpls one-digit code was used to pick’ oub certain ones of these 

 



367-50 

(4) 

(44) 

(iii) 

CODE STHCTFICATIONS (Fig 31, TABIZ IT). 

Geometry 

Nine digit Opitz Code. 

Production Flow Code. 

This section was split into six sets of deta, each one relating 
to one of the following machining processes:- 

Turning 

Willing 

Drilling 

Grinding, straight 

Grinding, cirouler 

Others 

of a fixed format 
under each of 

Under each heading, the following three 
3 applicable:— 

   
These sections formed data~sheet headi 
and information was entered for each par 

these proce 
codes were 1 

    

9 

ode. 

  

   4 to 9 for op mumbers (i.e. 1 = op 1, 2 = op 2, etoet 

& process occuring more than once non-sequenti~     

  
  

is used was listed for each part in turn. 

(c)__4 dizit operation time. 

The actuel operation time for h process was listed in 
4/100 hours. Where the same process was used more than 
once on one part, the sum of all times for this prox was 

listed. 

    

  

  

  

(a) Quantity ner machine a eee 

Three spaces were allocated allowing up to 999 parts per 
machine. e 

(hb) Source Code. 

A single digit code was used with the following nunerical 
simnificancer—



0 = made in complete 

‘4 = 1st operation subcontracted 

2 =» last operation mibeontracted 

/ 3. = intermediate operation subcontracted 

4, = “faly subcontracted group plant 

5 = fully subcontracted’ outside supplier 

6 = purchased proprietary plant 

it = others 

Special parts Code 

  

A single dizit code was used with the following numerical 
significance:- 

0 parts not special 

1 cams, general 

2 cams with circular stems (intesrai) 

3 cambox and camplate sections 

4 cylinders and dials 

5 - 9 spare 

  

    

   

un-timed opex 
The code siz 

0 = no additional operations, 1 = fitting, 2 = heat treat, 

(Drawing number) is 

paces were reserved for existing drawing numbers for 
parts identification. 

  

To sénarate the two sample machines, 2 one digit code was 
used to show the usage of parts on the semple machines, 
The code significance is as follows:— 

0 = both models 4 

a RiR 8-22" 

2. = | Spd 48"



3.7.6. THE G. 1. DATA SENET 

A standard 80 - colum computer coding sheet was used as the 

basis for data collection. 

The columns were marked out end labelled to make the entering 

of data easier (Fig 31). 

A typical punched card ig shown in Fig (32). 

3.7.1. 0ER_SANPIN: CODING 

The process of sample coding started with the requisition of a 

full set of RTR8-22" machine drawings. 

A vexy small sample about 100 components were chosen (every 10th 

dcawing) and coded using the unmodified Opitz code with the inclusion of 

a second size digit (7th digit) and elimination of the accuracy digit. 

This very small sample indicated that the 0p   itz code could adequately 

  

cope with all machined parts and would give a feature distribution not 

  

unlike that found common throughout industry as demonstzs 

(@able I). 

At this stage it was decided not to consider cer 

ed by Opitz 

      

paris &8 

sheet metal parts and springs which were not at present produced in the 

machine shop. 

There     relatively few problems in interpretation at s stage 

and it was decided to code the total project samrle without further code 

changes, 

The retrieval of operation times caused some problems. There were 

basically two time records. 

(i) Allowed times. 

(ai) Actual times. 

Allowed times were those times allowed for the operator for each 

operation and formed the bagis of the incentive system. 

The allowed times were made up as follows:- 

Allowed time = actual time x (1+ bonus factor) 
106 

where a bonus factor of about 570% was average. These times initially 

  

seemed fairly promising but two problems made their use unsuitable. 

120



(4) here were glaring gaps in the records. To complete 
these would have required the analysis of individual 
xrate-fixer's personal records on a job-by-job) basis. 

(ii) ‘The ellowed times were periodically updated to allow for 
wage increases by increase of allowed times. These 
updetes had not been recorded conscientiously and a 
number of cards held values which were out@ated. Again 
the help of vrate-fixers to fix the current values would 
have been required with consequent time delays. 

    

The second record was a batch-by-batch return of actual hours 

used on previous batches. Tests showed that in general the times 
returmed for consecutive batches tended to be very consistent and 

there was 2 close correlation between allowed times and actual times, 

Both times included a variable setting time and in terms of accuracy 

there was no reason to suspect that the actual times returned vere 

any better or worse than the allowed time. Generally there were 

several records of different batches. Thus an average could be 

taken and any inconsistancies could be queried with the rate-fixers, 

Furthermore there were less operations missing in these records and 

little estimating needed to be done. It was therefore decided to use 

  averages of actual times returned es a working basis, which 

would reflect the current level of activity and would certainly provide 

adequate capacity in the cell leyout. 

For a number of operations it was not possible to find tine records 

and on these the G.1. engineers estimated the times. 

For this purnose 211 planning sheets and drawines were sorted in 
   

ght comparison Onit« code sequence and estimates were made by st: 

    with similar parts. For a fev components, the work study department 

were requested to return their estimates and for most items there was 

a close correlation between the two estimates. There were also cases 

  

where the work study personnel agreed thet their estimate was poor and 

that of the G.7. engineers was more realistic. This interchange of 

ideas lead to considerable interest in the coding and the design 

retrieval. project by the work-study department. 
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3.8.    LOGUE 

3.8.1. INTRODUCTION 

From the time the G.T. project was first conceived, the need for 

a Design Retrieval Catalogue was recognised, and the establishment of 

a design retrieval catalogue wag one of the objectives of the project. 

Initially, it was only planned to provide a double print-out:- 

(a) In Opitz code order, with the corresponding drawing number against 
the code. 

(>) In drawing number order, with the corresponding Opitz code azainst 
each drawing number. 

Work on the sample parts indicated that the Opitz code was suitable 

for the components in question for retrieval and classification. The 

concept of desisn retrieval was discussed with senior design staff and 

after some scepticism was accepted as potentially useful. 

Aylestone Road have some 85,000 drawings, most of which are obsolete, 

but all of which could be called up for spares requirement. Approximately 

   15,000 current parts drawings are held in a file of about 26,000 a 

  

in numbered sets with alpha prefixes as follows:- 

_RTR - prefixed 

SP - prefixed 

W - prefixed 

RS - prefixed 

s$ ~ ~ prefixed 

& - prefixed 

   

  

Coded dra 
drawing size 

4 digit number prefixed by 

“letter code A, B, C, D, EH, F or G) 

Whilst only about 60% of these drawings were likely to be current, 

any other selection of current parts would have been most time-consuming. 

It was th 

    

cefore felt that it would be easier to code the 26,000 parts 

      and eliminate obsolete pa some future date when a conipute:    prin’ s   

out would be available listing all current parts. he additional work 

was considered to be reasonably worthwhile in any case since e number 

of non-current parts could be called up for manufacture to Supply spares,



3.8.2, ORGANISATION OF 1s copING PROCESS: 

The project plan indicated that three months would be availeble 

to code these 26,000 drawings and staff planning was developed accord~ 

" ingly, assuming the following parameters: ~- 

Average coding speed, 150 parts per man per day 

Non-productive trtining period, 24 days per man 

Total time in the coding department for each man, 14 months 

‘Iwo apprentices were to be used at any one time, who would attend day 

release one day per week, ‘Thus labour requirements were calewlated as 

follows:— 

Allowing for day release and monthly training, each apprentice 
would contribute approximately 24 coding days or 3,600 coded 
drawings over his 14 months stay in the department. Over three 
months two apprentices at a time would code 14,400 darawin- 
third coder such as, say, a dr nan could contribute a 
mately 30 days per months since he would not zo o 
This third coder could therefore code 9,000 ar 
Allowing for some safety in, the following s 
set up:- 

       
      

    

     

    

  

  

Two apprentices changing over on a 14 month basis 

   
One further coder (i.e. 
changing over on a 14 mor 

One clerk to transfer codes and dr 
GT, data sheets for data cessing 

ing numbers on to 

  

One G.T, Engineer as supervisor on 2 part-time 

    

The following procedure was sdonte 

= During the first two days, 
actual component drawings 

“the coders were trained using 
examples.    

  

       

   
     

drawings, i.e. RTR, SPJ and 
os respectively.  Startir 

» each coder would rx 
ngs (approximately 160 

from file, sta nz with the 
size in question and working his 3 throuzk increasing 
numbers. Having completed all of the smallest 
size, he would then move on to the next lerzer size. 
Since average drawing complexity was rovshly prbportional 
to drawing size, a gradual treining and improvement cyéle 
would be set up. 

ings for three 
allest size 

ove one drawer seotion full 
ars per ion) 
numbers in drawing 

  

       
    

    

- The coders were equipped with rubber stamos with which an 
Opitz code box was stamped into the tup ight hand comer 
of each drawing, and the code was entered into this box. 
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- When a coder had completed a set of drawines, he would 
to the supervising GT. engineer who would check for         

  

efter checking pass the set to the clerk, 

- The clerk entered the code and the corresponding drawing number. 
on to the G.T. data sheets. 

- A daily record of completed sheets was kept and recorded on a 
chart to check on progress and compare planned performance with 
actual, 

- If the actual fell below an average of 150 drawings per man per 
day, the supervising G.T. engineer would code some drawines to 
maintain the averege. The G.T. engineers would each choose one 
size of drawing with a specific alphabetic suffix to evoid con- 
fusion with the sets coded by the coders, 

- The G.T. engineers specifically chose lerge drawings to:— 

(a) Code those parts where their greater experience would 
make them mach faster than the coders, and 

(b) Leave sufficient small drawings for future coders to train 
on. ; 3 

348.3. 

  

NING FOR OprT     

Training for a coding system such as the Opitz system was    

    

€asy process. The code is not very complex and most people quickly 

understand it. Two things, however, are require 

(a) The ability to read an engineering drawing 

() A xudimentary knowledge of the common machinins processes. 

For ail coders who were trained as part of 4%) 

  

rvetrie       @l project, the same training technique was adopted. 

consisted of the following stages:— 

      roductory +: ik on Group Technolozy end classification and 

coding ( ~oximately 2 hours). 

  

    

    

(2) General description of the Opitz code; its fo 
significance of each dizit etcetera (approxima 

(3) Teaching of the code for rotational » 
only) (aprxoximately 2 hours). 

(4) Codinz practice for the rest of the day on xotational parts 
only, using small size (relatively si 
The first 5 to 10 parts were coded in 
trainer, After that the trainee w + to code on his ‘om, 
but encouraged to ask if he had any diffienl 
A 100% check was made on rouzhly an hourly be 

      

   

  
124



Second Day 

(5) Teaching of rotational with deviation and non-rotationel parts, 
Introduction to the sheet metal and plastics code. Intermipted 
by frequent reference to drawings and coding of example drawings 

in conjunction with the trainer (approximately 3 hours). 

(6) Coding practice for the rest of the day on 3 to 9 class parts. 

  

  

No doubt the most difficult aspect of coding over the early stages 

was the decision of the Somdot: component class, based on length/diameter i 

or cartesian co-ordinate length ratios. To ease this problem, special 

instructions were drawn up to simplify the decision making, in the forn of 

a simple decision tree where the coder by simple step decisions worked 

his way down the decision tree until he came to the correct code. (Fiz 33). 

Once a coder was trained over two days, he was given sets of drawings 

and was left to code independently. Lengthy discussions enongst coders 

had to be discouraged, especially during the early days, since this tended 

to lose a considerable amount of time. 

Bearing in mind that the timely completion of the coding was considered 

  

to be more important than the traini: the persormel 3 & 

were instructed to ask if they had problems and not to spend too much time 
    
   thinking about 2 component ‘code. For reasons dis 

  

peragraph a 100% checkine system was used, which picked up any 

  

made by the coders, 

  

The initial estimate showed that approximately 26,000 4 

    

   

   
to be coded, and as shown previously, it was estimeted that 

  full-time coders, includins allowi 

  

> two apprentices and 

day release for the apprentices, the totel task could be covered adea 

a coding rate 

  

ly within the vlanned three minth period, if after train 

of 150 drewinss ver man per day could be maintained. 

= taken 

  

In practice, various useful observations were made which 

into account during the secend six week period. 

For each coded drawing, the code and drawing number wexe recorded on 

to the data sheets, initially by coders and later by a clerk. A chart 

was drawn up to record the actual codin=s prosress against the planned 

eutput of 45o per man per day (7k coding sheets rounded up to 8 coding 

weet). 
   

sheets per man per day with 20 code entries ver 
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A separate row was kept for each coder to check individual progress. 

A oumulative total and a variance row was kept es well as a "G. 2, 

make-up" row recording the coding efforts of the G7. engineers towards 

reducing a negative variance. Since the vrogramme time scale was 

considered to be most important, any adverse variance would, if at all 

possible, have to be made up by the G.T. engineers, 

The chart wes started after two days of training, and, not 

surprisingly, developed an inereesing adverse variance, All three 

coders achieved a coding figure of approximéetely 50 per dey from the 

third day, with only small rate of increase for 1 weeks. At this 
stege the coding rate was remarkably similer for the apprentices and 

the third coder, a 45 years old draughtsman with several years service 

in the Drawing Office. 

Around this time the variance became 2larmingly high and the GT. 

engineers supervising the coding office were’ unable to spend sufficient 

time on coding to balance the variance. Some thought was civen to 

motivation andthechart was put up on the office wall sk 

      

daily targets and achievements for each coder. Th 

approximately 10% in excess of the plammed output. Tr 

in morale, especially for the apprentices who appeared eager and willing 

to do the required work quota but did not think that it 

  

to 

do so. fo provide a stimalus to them and to demonstrate what could be 

achieved with practice and detexmination, one of the GT. ensi 

  

spent one day coding continuously at a good pace and without ii    e 

  

  

tion coded 620 drawings within en 8 hour work      ing period.  (f 
  below will try to explain why this cannot be achieved on & cor 

basis). 

Towards the end of the second week, the coding rate was as follows:= 

tinuous 

Coder A (apprentice) 150 per day 

Coder B (apprentice) 400 per day 

Coder © (drauzshtsman) 100 per day 

Coder A tried to give an expression of eagernéss and willingness. 

He tended to apply himself more diligently and since he elpo had ot 

that time a slightly better grasp of the coding principles, he tended 

to patronise Coder B slightly. It was interesting to observe, though, 

that Coder A was the least accurate one and thal the inconsistency of 

his errors seemed to indicate that mistakes weve caused hy excessive 

speed and not Jack of knowledge. 
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At the beginning of the third week, a clerk was del ted to 

  

   

  

transfer the codes and drawing numbers on to G.T. data s, thus 

relieving the coders of this chore. An assessment of the coding 

accuracy at this stage was:~ 

Coder A 80 - 905 

Codex B 90 = 9595 

Coder ¢ Better than 95% rs 

This compared with 6 corresponding query rate, where coder € asked 

for the highest number of his codes to be confirmed by the supervisins 

GT. engineer, whilst coder A rarely had any cueries at all and preferred 

to rely on his own judgement, 

Around the middle of the third week, Coder B had a particularly 

simple set of drawings and at around 3.30 p.m. he proclaimed that he 

had completed 200 drawings that day and ceased work for the rést of the 

day. Coder A, who had completed close to 150 drawings by thet 

worked non-stop until just before shift finishing time (4.30 o.m.) and 

  

  

claimed completion of 200 drawings. 

From that day onv: 

  

ds, Coder A and Coder B set their owr     

  

    
target at 200 end achieved this target irrespective of the 

tke work. The speed of work and length of breeks was matched 

to the degree of difficulty of coding of the particular set of 

involved. 

    

According to the Coders, the reason for their in 

fact that they could:- 

   
(a) Remember most codes without referring back to 

() Judge the proportions and hence ¢ 
picture on the drawing, without having to calcul 
ratios. 

It was found however that the hish speed caused en increasing 

number of errors, due mainly to two points:— “ 

(a) Not remembering the codes correctly 

(>) Overlooking certain component features 

‘ith = 

on averagze no more then 50 - 60) 

  

Generally the number of parts 

    

every digit 

 



   Naturally this called for a 100% check by a:coding engineer, which was 

however @ preferable compromise and was accepted for the followins 

reasons:— 

(a) Tt ensured a high level of acouracy owing to 100 checking, 

() + ensured the maintenance of a consistent standard within the 
conventions set by the Gf, engineers. 

fo) e was overall the most efficient way of achieving the target, 
08s ; 

It was estimated that to obtain an acceptable standard of 
accuracy, 2 coding speed of 100 to 120 per dey could not have © 
been exceeded. Thus to obtein.e good standard of accuracy, 
the section oxtput could have been only in the order of 300 
to 350 as ageinst the 500 achieved with poor accuracy (Coder 
C never exceeded about 100 per day and some thoughts on 
the reasons for this are ziven later), To code 150 parts 
to make up the target would have taken a 6.1. engineer aporox— 
imately half a day. Checking parts could be done in short 
bursts at a rate of about 10 seconds per drawing or in the _ 
order of one hour per day. Thus the overall sain of hish 
speed with sacrifice in accuracy was considered sufficiently 
worthwhile, For the same reason no sreat pressi was      

    

sessions were given, where 
particularly misinteroretations of the code were 

to the coders. 

, The difficulty of constructive motivation can be considerab! 

  

coding and a good exemple cen be given by contrasting the perform: 

the three coders. 

There is no doubt that to most people coding as 

  

activity is particularly unpleasant. After trainin= and 

    

it quickly develops into a larzely clerical and mechanistic a: 

    

   

which is borings and offers little job sa faction. Fur 

  

unfortunate, that to learn and comprehend the code and to re: 

ing drewings with the speed reauired, it is essential to hz 

      in level of lmov- who understands engineerins drawings and has a cert 

iedge above that of the average clerical worker, A further problem 

    

that coding in most instances is a purely temporary exers: done by 

people who are delegated from their usually much more interesting and 

rewarding occupations. 

Where the work is direoted by staff outside their own depextment, 

and where there is no long-term accountebility to the coding supervisor, 

motivation becomes a problem. It is then up to the coding supervisor 

to devise motivational aids as best he can and to aim at maintaining es 

good and pleasant an office atmosphere as possible, The following list 

consists of some of the mot A    onal aids which were considered by the 

  

G.f, engineers at W.M.B., some of which yielded some 
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(a) 

(v) 

(c) 

Set a tarszet which is realistic and plot day-to-day progress 

for each coder. It is important that it is made clear that 

this is not a measure of ability or personal assessment, but 

that this is required by the supervisor to check on overall 

progress to ensure that he, the supervisor, is maintaining 

adequate project control. By giving each coder a distinctive 

set of drawings and countins the coded drawings within each 

set, a personal record is shown for each coder, but the super- 

visor can claim to be more interested in a particular set of 

drawings than in 2 particular person. The personal incentive 

will set itself up automatically between the coders, especially 

where coders from different areas and possible age groups are 

used, who will set up rivalries and tests of ability. 

Especially during the, say, first two weeks, it is necessary 

that the supervisor shows that he himself can achieve the 

target without difficulty. The technique adopted py the author 

  

effort, which allowed him to code, 

  

apparently not spending much time doing it. 

     

   

      

the supervisor may be regarded as such an outs 

that coders believe it to be impossible to 2 

Here the answer is to point out (if 2 

short and limited experience of the supervisor end 

dinerease in speed is a natural result of practice ean 

  

over a short period of time. Because of the temporery nature 

of the job, there is generally no way in ich the st 

   can exert direct pressure to improve performance. 

of competitiveness springs up in the de tment, this is 

  

generally the happiest solution and yields best vesults. 

It was found useful to keep the amount of control and super- 

vision proportional to the target echievement, Daring the 

first two weeks, reasonably close control of discipljne and 

working hours was kept to enforce a disciplinary level without 

which a good output during the early stazes of practice is 

impossible. The @iscipline was relaxed once the coders 

achieved 200 components per day, An understending was 

  get was achieved, limi reached, that, as long as th 

  

r 

  

ré would be paid to discipline. 
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The coding office was next to a fairly noisy machine shop, 

and whilst it was not very pleasant to work in, it drowned 

all talking noise so that coders could talk without disturbing 

anybody else in the office. A working routine soon established 

itself whereby 1 to 2 hour coding sessions when followed by 

discussions and talks amongst the coders, or coders going for 

walks through the plant or into the yard. It is interesting 

to note that the aprrentices tended to work this way and hed 

no trouble in achieving 200 parte per day,whilst maintaining a 

"good working evi The draughtsman worked steadily without 

interruption, other than short tea-breaks, and only achieved 

400 to 150 parts per day Wet increasing boredom. © Especially 

during the afternoon, he was prone to day~dreeming with very 

little output. ‘ 

(a) The limited experience resulting from this exercise seems to 

indicate that there ere distinct vhases of morale which mist 

  

be recognised and treated in the correct manner. 

3.8.5. FURTHER DEVELOP Opin, cops FOR W 

  

2 OF TH       

As described earlier, the Opitz code was used for the sample 

codings with an unchanged geometric code and some minor cHanges to the 

supplementary code. The Opitz recommendations + 

  

e accepted with 

intervretation of certain difficult components based on the jud     

  

of the G.T. engineers. This was quite isfactory for the sample 

anelysis where the G.1. enginee: 

  

rs were the only ones dealing with the 

  information who were aware of the conventions edovted. As a 

  

when such 24 hoe conventions are developed, they are quite meaninaful 

to the versons using the infor 

  

ion, but when they have to be explained 

to others, some cases of illogic and difficulties with interpretation 

will arise. 

  

A further difficulty exmse ines far as the Opitz code explana- 

tion book did not give very detailed information on certeinacode 

interpretations and the examples shown do not necessarily cover the 

somponents encourites 

  

in the Company in which the cofe is applied. 

    Typically these ¢ to the hizher codes ef the non+rotational + 

    

such as 76, 77, 78, 64, 65, 66, where the examples and explena 

are somewhat scarce. 
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Certain explanations do appear to’ be either illogical or not 

completely meaningful to the specific co: yy in which the code is 

  

applied. A typical example is the convention used for minor devietions 

which are ignored on codes 60 20% and 70 xx. A number of these 

conventions were developed and noted during the sample coding stage. 

During and after training of the coding SSD a list of all 

disputes and queries on which. abe GP, engineers geve a ruling were 

kept, and some were entered in pened) into the Opitz book of explana= 

tions. After about four weeks, a number of problems became apparent 

and threatened to diminish the usefulness of the code:- 

- The G.T. engineers disagreed on the interpretation of the 
code in certain areas 

- There was a problem in handling sheet metal parts, some of 
which were coded as flat parts and others of a more comnlex 
nature were ignored completely 

   - There was some difficulty in deciding between rectenguler 
bar, sheet and plate. 

To resolve these problems, the G.f. engineers visited Mr. NeConnell 

at the G.T, Centre, who, as the editor of the translation of the Opitz 

   code and extensive user of the same over several years, 

  

probably the 

best authority on the interpretation of the code in this cowmtry at that 

time. 

The visit resolved some of the problems:— 

   

  

om A mutual agreement was sod on most eae of code 

eccepted most of the susse s made, end on oth 
benefited greatly from the discussion, which he 
put the difficult ar into & better perspective, 

    

- The GT. engineevs were introduced to the G.. Centre's 
sheet metal code. This code was far too complex for the 
limited amount of sheet metal work involved at W.M.B., but 
it prompted the G.T. engineers to draw up A» - 
simplified sheet metal and plastics code. 

  

    

- No useful guidance wes obtained on the decision of, sheet, . 
plate or bar application, and thie problem was re-considered 
by the G.1, engineers to find a simple workable solution. 
Initial investigetions lead te the following observations: 
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- At W.M.B. sheet material from about 2" thickness upwards was 
generally called "plate". 

- ‘There is a tendency to use brisht bar rectangular section where: 
possible. Only a search throush a wide range of plaming sheets 
and purchasing records would have established the limits of this. 
As @ short-cut to get a simple rule of thumb with a high degree of 
accuracy, 4 survey of the bar store was made and discussions with 
planning engineers were held. On this basis, it was established 
that for sheet and plate with a width of up to about 32 times the 
thickness, rectangular .bar would normally be used. 

~ A survey of drawings showed that for decimal size thickness of 
up to 1/16" thickness, where the surfaces were not machined, 
these were in the great majority of cases sheet metal parts, 

Based on these findings, raw material shape codes were developed as 

follows:- 

2: Rectanzular Bar 

Any bar material with a width B less than or equal to 32x thickness ¢. 

Up to and including 1/16" thickness, the thickness mist be fractional 

(ive. 1/32", 1/16") or the surfaces mast be machined. 

Se Sheet 

Any mater        §" thickness, where the 

  

21 up to but not ineludin, 

32 x the thiclmess. Any decimal thickness material up to and including 

1/16" where the surfaces are not machined. Any matexisl where the thick- 

ness is given by a gauge dimension (e.g. 16 S.W.G. ). 

6: Plate 

Any material of thickness 3" or greater where the width exceeds a2 % 

the thickne   
  

All sheet metal parts were coded under the sheet metal code. 

On the basis of the experience gained and the discussions, all 

conventions were entered into the Opitz reference book together with a 

   
set of coded drawing copies representing the more difficult components. 

This referen 

  

ents now the Company standard and is held in 

the G.T. office for inspection by Company staff. Excerpts of this boolc 

     
exe shown in A ndix I to demonstrate the kind of information included. 

The information added to the original text is underlined and the sketches 

added ane shaded in grey. 3 
+ Experierce has shown that this book is extremely valuable to 

arbitrate in borderline cases and sive a clear indication of the conven=- 

tions applied within W.M.B. 

  

Fig. 34, 35 and 36 show certain add: ns to the Opitz code to cover 

  

sheet metal parte and springs and tic components. 
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329.4. TRIAL 

  

STUY FORMATION 

The brief of this project was to develop an overall system of 

manufacture for the Aylestone Road plant, based on G7. principles. 

At this stage it is useful to recall the fundamental steps of the 

analysis determined from the ‘literature in the previous chapter, 

namely: - 

1. .Classification 

2. Family formation 

Be Cell formation based on current times and component demand 

4. Inter-cell flow analysis i 

De Tooling analysis 

6. Plan the manacement services 

  

The classification and coding work had been done by this time and 

the next major step was the family formation, 

Relatively little has been written about the methodology of formi: 

  

families following coding work. Some degree of fundamental thinking 

  

was required to come up with a 

  

eaninsful method of grouping 

    fhe thoughts were very much based on the wo: in the previous ¢ er, 

in which it had been concluded that for an initial grouping, only certain 

    coded characteristics should be considered.      

As indicated earlier, sample data had been collected includ    

    

    

Opitz code and production da mple ports on G.T. a 

    The inforne sheets was p 

  

entoe 80 column punched ca 

    and these car¢ e sorted on the Opitz code using as 

electro-mechanical card sorter? 

   
(4) In strict m cal order based on the Opitz code 

       
  

  

(41) Im numerical mence on the Onitz, but using a different ‘sequence 
of digital sigificance, in the ormder:~ 

4st digit (Glass) - 

6th digit (Diameter or longest edge length) 

8th digit (Rev material) 

9th digit (Raw material x 

end digit 

3rd digit 

  

4th 
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5th digit 

Tth digit 

The latter sorting sequence was chosen following a review of the 

literature and a basic consideration of the requirements of cell 

formation (See previous chapter). It would appear that a sort on 

this basis is likely to provide a more meaningful base for cell 

selection. 5 

A simple tabulation of éech print-ovt was obtained. Whilst the 

cards were sorted, the number of cards for each digit was recorded using 

the counting facility of the card sorter. (Table IT). he data thus 

obtained was used as a basis to review the feature distribution of the 

sample, to form some thoughts of the potential usefulness of certain 

families. : 
In order to split all parts into a limited number of families for 

production vurposes, it is necessary to review the frequency distriou- 

  

tion of 211 component features and, with due regard to machine tool 

The technique is    

   

  

   
   out, the 

hem with t 

ting    
Oto. 2i Small capstan, auto etcetera. 

2) toa Medium sized capstan. 

Ate to eior arze turret lathe, centre lathe. 

16" + Verties] boring mill. : 

A chesk on Table TIT (a) indicates thet the great majority of 211 

parts are mde from ferrous material and a1] materials had been sroused 

  

together at this stage. There was little concern regarding materia 

  

at this stase, since by intelligent scheduling parts of similar mat 

ean be loaded tozether to minimise the swerf separation problem, 
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By accepting the size split indicated and reviewing Table ITT a, 

a percentage distribution or rotational parts within these size ranges 

was established as indicated in Table IV which formed the basis for 

initial cell splitting, 

By considering the length to diameter ratio, the following 

additional rules were established: 

Up to 2" diameter rotational “parts are in the main made from bar (this 

was confirmed on the computer print-out). Bar components are generally 

made on the same type of machine (capstan, auto) with only minor regard 

to length. This certainly applies at W.M.B. where very long small~— 

diameter parts are relatively rare, and those which occur are not machined 

along their whole length. The same argument does not however apply to 

all companies, and any hypothesis of this kind must be checked by review- 

ing the components in detail. 

Accepting this argument as valid at W.M.B., it was possible to combine 

all 0, 1 and 2 parts up to 2" diameter in one family. 

Sinil 

combined. It was argued that these parts would be chucked end not 

arly, all 0 and 1 parts from 2" to 4" and from 4" to 16" were     

machined betweencentres. All 2 parts from 2" to 4" were grouped as 

parts to be turned between centres. 

These considerations resulted in the specification of the following   

rotational trial families: 

1. OQ, 1 and 2 parts 0 < 

    

ou 

2. 0, 1 parts aM <G, 4? 

By 0, 1 parts 4" ¢ diameter ¢ 16" 

4. 2 parts 2" ¢ diameter ¢ 4" 

Se 2 parts 4" < diameter ¢ 16" 

6. O parts 16" < diameter 

  

A similar analysis was undertaken for rotational parts with deviati 

  

(Table IV). The coding exercise had indicated that meny of these 

could be included with rotetional parts. So a similar spltt was anplied:— 

Ce All 3 and 4 parts O < diameter ¢ 2” 

8. All 3 parts 2" < diameterg 4" 

9. All 3 parte 4" < diameter? 46" 
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10. All 3 parts 46" < dieneter 

fit All 4 varts POE CER EC int Ng 

For non~rotational parts, the same kind of size based analysis 

was used (Dable IV). 

Small non-rotational parts fall in the main into a 4" cube and 

can be split into 

(a) Cams. 

(b) Other parts. 

"Other parts" are basically small milled, drilled, surface ground 

parts, whilst cams form an "obvious" family of functionally es well as 

geometrically related parts. These latter parts are small plate cams 

which actuate the knitting needle movements. , 

For larger items, most of these fell into the 4" to 16" size range, 

and here it was necessary to distinguish between different classes. 

Flat (6) and long (7) parts can be handled by fairly licht and 

small machines. Furthermore these parts tend to be the more simple 

shaves made from bar or plate. 

Cubic (8) parts in this size tend to be the complex castings amd require 

larger car 

  

city machines. 

Larger parts of all cla are in the great minority and can be split    
off for separate analysis. 

The following trial families suggested themsel therefore. 

    

12. Cams 

136 6, 7, & parts 0 < largest dimension < 4” 

14. 6, 7 parts aud " " < 46" 

15. 8 parts ane ” " ¢ 16" 

16. 6 parts 46n € " " 

ibe 7 parts 46nd a ” 

18. 8 parts 46" < ” " 
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39020 CAVACTIY ! Si 

  

As indicated earlier, a punched card had been prepared for each 

pert number, specifying the major production date such as operation 

numbers and times, as well as usage data, i.e. number of parts used per 

machine and machine type. Clearly, to calculate the capacity require- 

ments for each family, the following stages weve required. 

; (a) Split punched cards into packs, each pack corresponding to 
one trial family. 

“(b) For each card and each process:- 

Multiply the number used per machine by the number of 
machines built per year and multiply the product by the 
operation time per part. 

(ce) Accumulate the annual operation times for each process.. 

This is of course a major chore and, as indicated by Hunt (98), is 

particularly suitable for computerised data processing. Whilst Bunt 

used certain decision criteria to autonati ly break the cards into 

  

provisional families, it was decided in this study to select families 

manually and use an electro-mechanical card sorter to split all cards 

into packs of suitable trial families. It was felt at the time, that 

for the effort involved and, bearing in mind that different com      

  

are likely to need different selection of trial femilies, the w. 

of a computer programme to split cards into families as well 2s 

calculating the family capacity was not w 

Asi 

          

   @ programme was therefore wri 

capacity requirements of each family in turn. 

programe flow chart and Fig 40 the final progr 

sample coding exercise the class codes 5 and 9 were not use 

codes were used as decision makers in the pro: Code 5 was used 

Lt 

    

to terminete any one family i.e. when @ card 

  

ith a first Opitz di. 

was read, the computer printed out the cumulative hours pex year. 

Similarly the first Opitz digit '9' was used to terminate the programme. 

After the programme had been tested with sample data cards and found to 

operate correctly, all cards were split into 17 trial families (families 

42 and 13 were combined) and divider cargs (Opits '5') were inserted. 

The progreme wes run with a11 data cards and a listing was obtained 

showing for each family. 

- & print of all cards making up the family. 

renuirements 
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The initial print-out provided a set of. machine loads which gave 

a good indication of the load requirements. of the cell (Table V). 

Following e review of the table V it was possible to refine the choice 

of families somewhat and a further computer run was obtained with the 

following family break down. 

              

4. Rotational 0, 1, 2 . (0-2" dia.) 

2. Rotational 0, 1 ° (2-4" dia.) 
3. Rotational 0, 1 (4-16" dia.) 

4. Rotational 2 a (2-40 dia.) 

5. Rotational 2 : (4-10 dia.) 

6. Rotational 0 (16" dia.+) 

Rota. with deviation 3 “(16 dia.+) 

7. Rotational 2 (46" dia. +) 

8. Rot. with deviation 3, 4 (0-2" dia.) 

9. Boit cams i family split off rotational with 

210n. 

10. Rot. with deviation 3,4 (2-4" dia.) 

41. Rot. with deviation 3 ' (4-10" aia.) 

126 Non-rotational 6, 7, 8 steel (0-4") 

43. Non-rotational 6, 7, 8 cast iron (0-4") 

14. i 6, 7 (4-16) 

1D: 18 (4+46") 

16. Non-rotational 6 (46" +) 

17. Non-rotatic 7 (16" 4) 

48.  Non-rotational 8 (1544) 

49. Non=rotational (o-2") | Requiting 
20, Non-rotational (2-4") | turning 

21. Won-rotational (4-16") i operations 

22. WNon-rotational (16" +) j 

fable VI shows the cavacity breakdowm of this print-out which 

formed an acceptable basis to combine families into suitable groups 

for cell formation. $mall rotational rerts (family 1, Table VI) 

could be combined with small rotational parts with deviation and smell 

non-rotationel parts requiring turing. These parts require the same 

kind of machinery ani appear to be suitable for production in one cell, 

Similarly other families were grouped to eliminate families which 

were too siiall to justify their om cell. Table VII shows the 

2 main rationalisation into nine groups which form the basis of ni     

  

cells, Some of these sroupe are too large for oné cell: and some sub- 

    ups are required in the detailed cell analysis. 
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It is therefore likely that ultimately more then ten cells can be set 

up. A typical example is group 6 which includes cams. A parallel 

analysis hed indicated that the 4" cube cel] could usefully split into 

(a) a cam cell consisting of four sub-cells and 

(b) 4" cube steel cell excluding cams and cam- 
like parts. 

It would be basically wrong to attempt to split the groups up at 

this stage end the detailed design should be left for the next stage of 

analysis. The lack of detailed information does not cause any problems, 

fhe main objective of the project, i.e. the splitting of the plant into 

manufecturing cells can be done with the information available so far. 

Similarly area allocations can be made at this stage even though the 

allocated areas may be split down further during the detailed cell. 

analysis. 

Table VII was used as a basis to allocate machines to each sroup. 

Since it is the objective to change the existing machine shop, the 

allocation of machines to grour    

  

must by necessity be based on the 

  

existing plant list. It would be surprising if the machine to: 

lant 1 
   

requirements of the sroups matched exactly the existing 

Part of the G.T. analysis ig to demonstrate any capacity miss-match 

in the plant. Any major deviations could then be investigated 

individually. 

To be able to ellocete existing machines, a certain amount of 

information was required, namely:— 

(i) a list of existing plant. 

(41) a knowle@ze of the capacity and svecificetion 
of the individual plant items. 

  

(iii) drawings of sample components to visually 
check on the suitability of plant for 
particular groups. 

(iv) a knowledge of existing manufacturing methods 
and conventions. 

(v) the ability to relate Opitz code data to 
specific machines. 

Whilst factories invariably heve a plent list this is not 

necessarily complete and often does not inelude machine data, such as 

capacity. This situation existed at W.M.5. and the first task was 

to update the plant list. Capacity data had been gathered by 

   apprentices over the preceeding weeks. The author's 

    

ledge of. the pla 

  

vt and theie general capacity was 

140



far as it allowed the allocation of most machines without detailed 

reference to individual records. In certain areas (e.g. the use of 

the copy lathes) a talk to the section foreman concerned provided a 

useful check on the proposed allocation. 

. Since 211 of the data required for allocation of machine tools is 

not usually available in a written form and since usuelly the G.T. worker 

does not have all the knowledge, it is important at this stage to discuss 

the allocation with staff members such es production engineers, planning 

engineers ani foremen. This speeds up the analysis considerably and 

ensures a greater degree of accuracy. There is also a better assurance 

that “certain factors not apparent from the available dataare accounted 

for (e.g. the "Elliot" copy lathe is now only used for one type of 

component and stands idle most of the time). 

Only one major discrepancy was found between the theoretical and 

actual capacity: 

There are 16 vertical borers available, but the capacity analysis 

indicated a need for eight machines only. A discussion with the fore— 

man revealed two fact. 

  

(i) The section was certainly underloaded by perhaps two to 

three machines. 

(41) The section cavacity was understated by at-least 5¢ 
sample analysis. 

  

   

The section turns large complex castings where a very hizh 

  

and rectification rate occurs owing to casting faults. According to 

    

the foreman, four machines are used at any one time on vecti «tion 

york. 

ables VII (a) to (4) show the allocation of machines to specific 

groups together with a labour allocation and area requirements caleula~ 

tion. The areas required were taken from the plant data sheets 

prepared earlier. 

The areas quoted on. the plant list referred to plen areas for the 

machine tool only and did not consider services, operator space, 

Lg on 

  

ganitweys etcetera. fo be able to obtain the gross area, a corp 

was made of the net and gross machine areas in the existing machine shoy. 

For each of the main sections the machine tools amd their net areus 

were listed (Table 1), grouping machines of similar type and area, 

The total net area of each section was calculated and divided into the 

overall section area to give a ratio of net to cross machine arce. 

requirements. 
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This ratio included all services such 2s operator space, access, 

  

inspection, procress, gansways etcetera. The different factors 

indicated that an overall average factor of 3.3 would be a fair 

approximation to use. There is one major exception, namely the 

turning section, with a current factor of 4.5. This section is 

very loosely laid out at present with considerable space wastage 

and work-in-progress areas. A factor of 3.3 could no doubt be 

achieved in a cell system Ge menutectane for this type of machine. 

To test the accuracy of this factor in a G.T. environment, 

the same calculation was repeated for the West Averme factory (Can 

Cell). The ratio for this plant was high at 3.8. The reason for 

the high ratio is that excessive space was allowed during the layout 

stage. There was zeneral disbelief amongst mane gement that there was 

sufficient space available for all machines specified and there is no 

doubt that this affected the G.T. engineers! thinkin when Jaying owt 

ed there was 

  

the machines, Furthermore when the layout was pre 

gome uncertainty as to the srecific machine models which wovld be 

availeble and Modulex models for the layout were based on the 1     

  

izontal mill model wa:     types of machine tools (i.e. the No. 2 ho 

based on a Cincinnati machine which is substentially larger than the 

16a). It wa 

that the allocated space could have been veduced by 20 to 2 

  

Archdale and Richmond machin estis 

  

actually ins    

    

difficulty, indicating a more realistic io of 3.0. 

calculation indicated that the factor of 3.3 chosen for the 

  

layout % 

  

probably quite realistic. 

Two grouos were split up into sub-cells:-— 

+ (a) Group 6 was split into 2 cam cell and a 4" cube steel cell. 

The detailed analysis for cams was developed in varallel 

and the overall study is shown in the next chapter. 
   

(b) Group 5 w 

Cylinders are a special type of very complex component and 

a split into "Cylinders" and "Large Turned Parts" 

are already partially srcuped in cell-like areas. 
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3.9.3. FACTORY Livour 

Once cell areas had been defined (Zable IX) it was necessary to 

allocate these to the existing factory layout. ‘The conventional 

technique of using block area templates was used to get a rough 

appreciation of an acceptable layout. | Onee these areas were roughly 

allocated, it was possible to detail them on a copy of the plant layout 

within the constraints of the building shape and adjacent cells. 

The first layout was besed on the following constraints (Gig 42): 

(a) Minimise changes and disruption to the existing layout. 

(b) Concentrate on the machine shop with minimal effect on 
other areas, 

(c) Maintain existing leyout features where possible. 

The second layout went somewhat further into the layout problems 

by attempting to improve material flow but made major changes to a 

number of departments other than the machine shop, thus avoiding major 

structural chances (Fig 43). Both layouts were discussed with the 

Chief Production Enzineer to check if any constraints had been over~ 

looked, or if any improvements could be suszested. 

The second layout was drawn up to enable the company to implement 

the first 1 

convert it to the improved second layout, This would allow 2 minimun- 

nb 

yout fairly quickly, and subsequently over a period of time 

    

cost G.T. implementation with a long-term fectory layout improven 

programme. 

As a cross check, the cell areas were suwnmed. A total area of 

27,933 ft. had been allocated which compared with an existing machine 

shop area of 27,800 ft. This was a close enough agreement to verify 

the arithmetic and application of the area factor. 

It should be noted thet this layout assumed current levels of 

productivity and there is therefire ample space for exnansion. ‘The 

re-arranzement of certain areas resulted in a spare space of 3,500 ft. 

in the machine shop and the assembly shop. The spare machine shop 

aren could be used for an expansion of the small turning and 4" eube 

cells to reduce the current high level of sub-contract. The additional 

assembly area would be useful for expansion if sales ean use up the 

additional capacity which should be generated from increa 

  

ed productivity 

in the machine shop. 
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329-4. PROJUCT PHASING 

Having established the cell layout of the plant, a priority list of 

eell establishment was drawn uv to minimise disruption and provide a 

logical sequence of progression which would require a minimum of 

temporary relocation. The following sequence was set up to correspond 

to the first layout (Fig 42). . 

(i) Move the drawing office and the spares department. 

(ii) Move part of the cam cell into the previous spares area. 

(iii) Move the sm211 batch section (B Shop) into an area cleared by 
the partial transfer of the cam cell. 

(iv) Complete the cam cell move. 

(wv) Move cylinder turning into the cylinder area, moving milling 
machines temporarily as required, utilising space released by 

transfer of the cam cell. 

out the large turning cell No. 5. 

out cell No. 1. 

out cell No. 2. 

out cell No. 3. 

  

uo the miscellaneous shop incorporating the previous 
betch shop (B Shop). 

the 

(vi) Lay 

(v) Lay 

(vi) Lay 

(vii) Lay 

(viii)Set 

(ix) lay 
(x) Lay 
(xi) ey 

(xii) Lay 

(xiii}Ley 

out cell No. 4. 

out cell No. 7. 

out cell No. 6. 

out cell No. 8. 

out cell No. 9. 

(xiv) Complete the cylinder section. 

A typical 

The plan does not allow for the esta 

time scale has been sue    sted in Pig 44. 

blishment of the ultimate layout. 
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Be Fede STRUCT    

The conversion of the Aylestone Roezd plant will have to be accomp- 

anied by certain changes in the personnel and management stracture to be 

able to cope with the administrative requirements of the cell system. 

The cam cell project described in the next chapter had provided 

cextain clues on the production contro] aspects. There is no doubt 
thet one progress clerk can adequately cope with a very lerge cell 

consisting of over 30 machine tools. Also, once the cell order chart 

could be vrepared with computer assistance, the cell planning effort 

would reduce drastically, and one person could no donbt cope adequately. 

The store-keeping function would be somewhat more complex however. 

Hach cell would need a supervisor, but generally this could be a 

working charge~hand. It was felt imperative that the first level-of 

management should be responsible for one cell only to ensure that each 

cell had its own management identity. 

Following these deliberations and bearing in mind the work done at 

Ferodo Lid., a suggested organisation twas @ 

It can be seen that Work Study ani pro 

    m up (Fig 45). 
   

stion engineering are 

  

over the main ar     s of activity, namely S, rotational parts, non~ 

        rotational parts and cylinders (plus 1 cellaneous) respectively, The 

  

foremen sre allocated in a similar manner, but each cell has a char 

  

hand xeporting to the foreman concerned. 

Each foreman also controls meintene: staff, inspector    

        

scheduling clerks, all of whom receive hnical instructi 

relevant department heads. Insp 

report to the Chief Insvector on 211 technical and persona? 

  

their work allocation is controlled by the foreman concerned. 

    

    

The eell schedulers receive their dosvmentation i.e. monthly 

programmes and job cards, from the Ma e Shop Scheduler who uses two 

  ame for eeeh cell and monitor 

  

cell planners to draw up the monthly prog: 

the output. The production control procedure should be in line nes 

that developed for the cam cell (see next chapter). 
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3.10 THE GD. Past PLANT 

3.10.1. INTRODUCTION 

After the G7. study had proceeded for some months it became 

apparent that G.T. wes the right manufacturing philosophy for Wildat 

Mellor Bromley. Furthermore the stock situation became quite 

desperate and some labour militdncy was experienced, 

At this stage a small factory (8,300 sq. ft. marmfacturing area) 

of a sister company became vacant, some two miles from the main 

Aylestone Road plant, and the W.M.B, Board of Directors decided to use 

this opportunity to test the suitability of G.T. in practice, in 

isolation from the main plant and its influences, Hence this small 

plant at West Avenue, Leicester was made available to the G7. team 

to set up one or more GT. cells for families of parts of their : 

choosing. 

The first indication of the availability of this plant was given 

end of July 1973 and some very hasty assessments of the scope of 6.T. 

in this plant were made together with a rough estimate of likely 

    capital cost. On this 

  

oval of the project was given, and 

  

the G.f. team were instructed to set up the G.T. pilot plant as quic! 

as possible. 

By early 1974 it was necessary to make arrange     the cell in this plant back into the Aylestone Road plent and 

project as a whole suffered some delay. 
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3.10.2. BAMILY 

  

LECTION 

Quite early on in the analysis it became apparent that one suit- 

able family would certainly be cams. These items are small, generally 

plate-type cems with a profiled or plain edge which guides the movement 

of knitting needles in the knitting machine (e.g. Fig 46). In the order 

of 400 cams per machine are ‘used, resulting in a total reouirement of 

over 200,000 components per year. The general spread of cams in Imitting 

machines of different types tends to be similar, and a sample study was 

expécted to be suitable for analysis. 

It was decided to use cams as a suitable basic family for the test 

plant at Wigston. Whilst in some respects this may seem to be too easy 

a criterion, there were inherent advantages in this choice:- 

~ Cams are easily identified as a family and can be easily extracted 

from the product range. 

- They are labour intensive with a high value to weight ratio, making 
them suitable for cheap transportation between the test plant and the 

main plant. 

= roduction data and tooling are x 
vr of work is relatively simple. 

  

ly well establist 

    

- he concept of a cam cell is easily explezined to 211 levels of 
personnel and is less abstract than, say, 2 'non-rotational 4" 
cube! cell which was an alternative. 

    

cam production line had been talked of in th 
28 not alien to plant personnel. 

  

    

  

- There was a bottleneck in the milling 

  

op and this would be re 

There are basically two types of cams:- 

(a) Flat cams (camplate cans) (Fig 48) 

    

(bv) Sweged cams (cambox cams) (Pig 47) which are hot 

during the production process to provide the curved str 
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3.10.3. COMPONENT SEImCTTON FOR sampiE 

    

As indicated earlier, all sample parts had heen Opitz coded and, 

together with their production engineering data, recorded on 80 ~ 

column punched cards, Furthermore 211 cams had been marked with 

a "special perts code" "4" 

Selection of cams was initially based on the Opitz code with a 

back-check against the special parte code to check on omissions. 

Uams were generally covered by the following codes:-— 

  

i ~ (4) Grek 6 = xk x cased Meee 

Txxx6-xxxx 

(iit) 6xx7x-xxx , 
(Os ee flat cams, 

(it) 6xxxx-xx5x cams made from a spec 
6x %xx-kx 6% alloy steel only used for cams. 

SC st ee Se, 

TEx ek xO 

Relative to set (iii) it should be noted that cams ar 

  

       from t high alloy steel and thi 

  

a sole criterion but more as a check on grows (i) and (ii). 

There were also a number of rotationel cams with deviation which 

  

svecifically excluded. 

A certain amount of product and proces 

  

choice and made it easier to specify meanir 

selection, 
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3.10. 4. 

  

To be able to gauze the mamitude of the cam cell, and to test 

its feasibility it was necessary to initially determine the machines 

required to set up the cell and the capacity utilisation of these 

machines. 

It was intended to do this work as part of the overall systems 

design and the computer programme mentioned in the previous chapter wes 

to be used for this work. 

*In the event, management pressure resulted in this single cell 

being developed earlier than expected and before the computer programme 

had been completed and tested. An industrial dispute made rani¢ 

completion of the programme impossible. 

This one cell was therefore developed manually in isolation. In 

many ways this was preferable since the cam cejl suffered more than any 

other cell from the short-comings of the computer prosramne. 

  

The input format srouped all milling together and failed to 

differentiate between copy, horizontal, and vertical-milling. For the 

cam cell this split was vital and some manual work over and abave the 

computer assisted capacity analysis would have been required in any 

case. 

ne capacity requirements of the cell were calculated using two Th pacit i ts of th 1 iculated t 

  

simple part-number machine matrixes. 

(i) Tne first matrix had all processes on cems listed on 
the horizontal axis and all part numbers in the 
@long the vertical axis, Under each pro there 
were two columns, one for the operation number and one 

for the operetion time p 
For each part the ope ion number and time per part 
was recorded under the correct process headings (see 
table X). 
This matrix provided the secuence deta for the flow 
anslysis end the basic piece times for the second 
matrix. 
All deta was still available from the compiletion of 
the G.T. Data Sheets prepared previously. 

       

  

       

    
    

  

(it) The second matrix was similar to the first one, tit 
under each process there was only oné column for 
total amnusl hours. Again, from the compilation of 

the G.T. Data Sheets, the ammel quantities calcoulated 

for the saniple parts were available. Hach cam sample 
component was entered and the proceas times: o 
first matrix were multiplied by the anual us 

 



The hours per year were entered into. the correct colunn and each 

process colum was totalled (Table XI). 

‘Dividing eech total by 2000 gave the approximate number of machines 

and operators for each process, 

The provisional number of machines was generally rounded up, unless 

the excess over the nearest whole number was very small, in which case 

it was assumed that the excess in capacity would be absorbed by an 

increase in productivity. / 

The total time involved in drawing up the two matrixes wae in the 

order of three man days. ‘“ 2 

The total hours indicated that probably in the order of 33 direct 

operatives would be required and, bearing in mind a suitable cell size: 

of say, 6 or 10 people, some sort of grouping into sub-cells was 

required. hs 

At this stage certain arbitrary splits of the family into separate 

sub-families were suggested but it was decided to xun 2 flow analysis 

over the whole sample family first to see if certain losical groupings 

  

ysis. would susgest themselves during the ana 

An earlier review of a standard work on factory layout techninues 

by Muther (106) had shown up the potential usefulness of a "From~Tio" 

chart to recognise flow patterns in plant layout projects and it was 

decided to attempt to use this aid to try to discover the major flow 

patterns of cams. 

On a pro-forma sheet (Pix 48) all machines and major Pp 2 

    

were listed horizontally ani verticaliy. The chart inte 

quite simple. To determine the number of components moving 

    

2 Tracems 

  

to Fitting, the 7: nine is found on the 

  

vertical coluwm (machine No. 8) and the Fitting process is found on 

  

     

   

  

the top horizontal row (No. 11). The intersection square of th 

"8" row and the "41" column shows the number of part numbers moving 

  

from Traceme to Fittine (i685 14 different components). 

The che 

  

piled by going through each component Iajrout 

    on an operation by operstion basis and marking a "tick" in the    
hox for each transfer between two operations. — By counting + 

the total number of transfers was obtained, It can be argued that 

one should not use the total number of different vant numbers but the 

tot 

  

al number of machined components. This would have made the az:    

      



Bearing in mind that it w 

  

necessary to identify primary flow 

pattems, the From-To chart was analysed for high-frequency work~ 

movement. A flow pattern is easiest identified by a network drawing, 

  

and 2 network was draw up by dividing flows into three levels:— 

(4) Primary flow (Frequency > 8.5) 

(ii) Secondary flow (8.5 > frequency > 3.5) 

(Aad) Stet tactitigg Sea (erentenegiese 3 5) 
These values were taken fairly arbitrarily in as far as 8.52 is 

the averaze frequency, and approximately 50% of all entries are below 

a 4 frequency. A network was draw for the primary flow. This 

turned out to be highly complex (Fig 49) end became totally meaningless 

when the secondary and tertiary flows were superimposed. It was felt 

at this stage that a more methodical epproach was called for, andthe 

ed. 

This conclusion is incidentally analogous to Burbidge's findings, who 

analysis epproach using networks of primary flows was disconti: 

    

realised that an anelysis based on major flow routes between any two 

machines did not form a suitable basis for computerised PFA. 

   It wes next attempted to find the one primary flow patter 

     hook onto it subsidiary flow lines, wtil the majority of p 
  

be covered leaying only a small proportion of exceptions. This 

  

approach proved to be particularly useful. 

  

From first principles, the machines from which the majo: 

components start their process must be those which have the value fo 

  

the difference between the "From" totals and the "Yo" totals. To 

illustrate this point: ; 

Considering the "Cut-off Saw" on Fig 48, the total 

"Prom" figure is 100 end the tota 

zero. Hence a great number of parts (i.e, 100) 

   "Tou figure is 

staxt with cut-off. (An obvious conclusion in 

this instance, which was generated artificially 

by entering "Cut-off" on every process planning 

sheet where the part was made from bar). 

Thus the machine or process with the greatest From-To total 

difference may ‘he taken as the primary flow start. The next major 

flow step is found by teking the route from ‘cut-off! to the next 

process with the highest transfer freauency (i.e. move along the     
horizontal ‘cut-off' line to the hishest frequency figure, which 

  

in this is "Lumsden! with a transfer of 83 part numbers). 
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The next flow step is of course found by going to the ‘Lumsden’ row 

on the 'From! List and moving horizontally along to the H.M. No. 2 

(Horizontal Mill No. 2). ‘This process is continved until no 

significant further flow is obtained, This may be difficult where 

the flow is very complex, and care mist be taken to ensure that a 

proper cut-off point is found. Very often, such as in the example, 

there is a definite terninel point, but this will not always be so. 

As a guide, it must be recognised that terminal operations ere those 

operations where the difference between the 'fo' and 'From' totals is 

a maximum (the reverse to a starting operation). Where no clear 

terminal point emerges from the major flow yatterm plot, it would be 

useful to identify terminal points before the network plot, and 

terminate 2 flow patterm as soon as any one of these is reached. 

The above analysis yields the "MAJOR FLOW PATH' which forms the 

vasis of the cell design (Fig 50). 4 

Secondery flows can now be linked in by pursuing alternative 

paths. There are two technioues which are possible: —- 

(a) Pick up each machine on the major flow path in turn and find    

    the second hich trensfer pvoint to see if this i: 

  

from tne Cut-off 

  

(e.g. the second flow p 

Chux     and either to De 

  

1111 Rotary Grinder 

Rorizontal Mill No. 2. At this point, some intuition is 

involved. It can be seen that the demasnetising operation is 

a terminal operation. Since there is no flow "Cut-off-Ho 

    

thet 

  

surface grind — D; netise” only, it would s    

  

surface grinding s twice, namely at the beginning of the 

process and at the end of the process. This is of course 

confirmed by Fig 50, the Major Flow Path). 

By oheckinz through 21] major flow machines in this manner, 

other significant flows can be easily detected. 

(b) If all ‘boxes on the matr 

in the analysis, a visual check will detect any significant 

  

e ticked off as they are passed 

transfer frequencies which have not been noted earlier. In 

that case, these can be added by tracking their major fath 

backwards as well as forward to establish their relationship 

to the major path, 

" p52



For the cam cell, this procedure yielded quite adequate results 

as shown on Fig 51, and a good indication of the overall flow pattern 

was achieved. 

At this stage, it was necessary to convert the flow pattern into 

actual machine tools. Where machines were not split up (i.e. @ machine 

type only occurred once on the chart) this was easy. The number of 

machines calculated previously could be entered on the chart directly. 

Where machines were split, this allocation was more difficult, 

Sometimes it is possible to allocate these machines intuitively, 

from product imowledze alone, but in this case a more thorough approach 

was chosen. The planning sheets were checked individually, and for each 

component affected, the operation time concerned. was multiplied by the 

  

annual requirement, and the total listed in a colwm under the uac 

concerned on a simple list. On the basis of this breakdow, 2 clea 

  

apportionment wes possible. Since further rationalisation was reauived, 

this operation was not done with any desree of accuracy. The resulting 

figure (Pig 52) shows the allocation of machines. It also shows a few 

early rationalisations: 

- Roto-barrelling and certain fitting overati 
removed, to be provided later es a service ¥ 

  

     petss ever required. 

  

    

      

- A few minor paths have been combined 
was so complex as to make cell cor 
These machines would not be suite 
would form (part of) a production cell. 

@ groun where the flow 

    

close review of process planning 

these observations and the flow chart, certain generalisations could be 

made: 

- Cams fall basically into two groups:— 

(4) Milled cams, split further into:- 

(a) Plain milled 

(>) Profile milled 

Neither require any surface or form grinding beyond 
initial and final face grinding. 

(44) Ground Cams, which required form grinding, surface 
grinéing or both. 

~ The great majority of cams are made from bar, end these 
invariably have the same operation sequence start, namely:— 
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Cut-off 

Grind faces 

Mill ends to length (end often width) 

There would therefore be a useful requirement for a general 
material preparation cell taking in these operations. 

Based on these observations, the final flow chart was designed 

(Big 53) which shows a breakdown into four sub-cells:~ 

- Material Preperation 

- Milled cam machining 

= Ground cam machining 
- Gan finishing 

To establish detailed resource requirements, the planning sheets 

were marked wp into the four sub-cells and a capacity balance was 

repeated. Again only the split machines needed to be calculated, 

since for the other machines. the previously calculated figures remained 

  

unchanged. A four-memory desk top calculator was found particularily 

useful to add up the capacity for the cells. A machine end labour 

schedule was established (Table VII). This table indicates the emall 

  

emount of floating labour anticipated and the consequently high 

of production planning required to avoid bottlenecks. It further 

demonstrated the reasonably close adherence to sociologically correctly 

sized cells, 

  

On the basis of the flow chart the shop layout was develoned 

  

using plastic "Modulex" models e up by two apprentices. 

  

The flow chart indicated + the material prep: fon and the 

al flow and the milled 

   

     cam finishing cells have a wnilat section 

  

     les only cone exe’ ion. It was therefore decided to use voller 

  

conveyors for these sub-cells to progress and store batches. The. 

unilateral flow exception in the milled cam section was simply dealt 

  

with by having milling machines grouped around the drilling machine 

so that by the correct choice of milling machine (i.e. the one preceding 

or the one following the drilling machine) unileteral flow can be 

arranged. The remainder of the shop wae laid out using conventional 

layout-prectice with frequent reference to Muther's work. 

The ground cam cell was kept 4s a loose wroup, ‘The complex flow 

pattern in this group made the use of a conveyor to streamline the 

flow impossible, 
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The final Jayout is shown in Pig 54 with a photogrenh of the model 

layout in Piz 55. It can be clearly seen that there are two transfer 

points, namely at the end of the material preparation cell, where the 

work is split and sent to the milled cam cell and the ground cam cell 

respectively, and at the start at the cam finishing cell where these 

split flows are combined again. " 

The swaging of formed oama requires pre-heating and small electric 

furnaces were specially purchased to fit into the line with a minimum 

of environmental problems. 

- Cams are air-hardened during the swaging process and recuire 

amnealing prior to subsequent mechining, It was not acceptable to fit 

the annealing furnace into the line but the furnace was placed as close 

to the line as possible, 

Also, this furnace is used for annealing only and there are no 

problems of queuing and different cell priorities. 

The material preparation section handles the following operations:~ 

(i) Gut of f 

(43) Grind to thickness 

(144) Mill to width 

(iv) Mill to thickness 

Certain parts are made from investment castings and skip some of 

these operations. 

A considerable amount of re-planning was involved to split the 

milling work over the material preparation and milled cam sections 

respectively. 

The majority of cams are swaged but 2 proportion do not require 

  

swaging. Consequently a conveyor by-pass was arranged along the 

swaging machines to allow parts to move past this process, 

Area allocations for stores and services were made as indicated 

on the layout. It can be seen that material arrives in the goods 

    

receiving area adjacent to the material store. ‘Thus no long ances 

of material movement are involved, Similarly the cut-off saws are 

adjacent to the material store. It was initially intended to use the 

main door closer to the offices for goods dispatch to cut the material 

flow distances, but bearing in mind the relatively small amount of 

material weight moved in this plant (estimated at 4 ton per week) and 

considering limitations of staff, it was decided to combine goods 

receiving and dispatch into one area and locate the finished part store 

adjacent to it. y 
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* Certain calculations were involved to determine the conveyor 

length and type. 

Approximately 200,000 cams per year ere required and without cheek- 

ing in detail all parts involved, about 1,500 part-numbers were expected 

to be involved, resulting in an average annual usage of 133 parts or 

about 11 per month (the expected planning period); of these 1,500 part 

numbers between 600 and 4,000 were expected to be loaded per month, in 

batches of a minimum of 2 to 3 and a maximum of no more than 75. 

Plastic progress containers were planned for, and the smallest size 

(450 x 90 x 70 mm) chosen as the correct size of progress container. 

No more than 1,000 containers per month would be used and at a cell 

throughput time of 2 weeks no more than 500 containers would be in 

transit at any one time. Allowing say 190 containers in the ground 

cam section, 50 on machines and a further 100 on progress trolleys or 

in transit and buffer storage, no more than 250 containers should be 

kept on the conveyors at any one time. As the conveyors have a 

xt time could 

uld be automatically high-lighted for 

capacity of 400 containers, any sreat excess in through ’ BAY 

  

   
therefore cause congestion and w 

action, 

3.10. 5- ‘TS OF STORES DESIGN 

  

Te stares requirements at the West Avenue plant covered the 

following areas:- 

  

(4) A tool store generally set out along conventional li 

    

(441) A finished part store for gross requirement batches based 
onia unitised system of storage. 

    

Finished part store design was underta 2s follows:- 

A 150 x 90-x 70 mm, container was used and 1,500 conteiners 

were allowed for, namely one pex part number. 

    Similarly 1,500 containers were 4. wed for in the var 

stock. 

  

ance 

Different container colours were used for these two stores. 

The main aspect of stores design was the realisation thet 
small batches require small storage space and velueble space 
savings can be made when G.T. is introduced by selecting the 
correct size storage system for the limited variety of parts 

for each cell, 

Once the number of containers has been calevlated it was an 
easy matter to relate this to area requirenentgs 
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(414) Work-in-progress containers. 

The same small size container was used for work-in—prozress. 
If 2 typical cam of 1" x 4" x 2" size is made in a maximum 
size batch of 75, the weisht is only 10 1b. ‘This is quite 
suitable for manual progressing and a licht plastic container 
sould be used. 

At one stage the G,T. workers were advised by the chief store 
keeper at the Aylestone Road plant that cams require heavier, 
more expensive stee] conteiners. Whilst with current batch 
sizes this may be so, the reduced batches and narrow range 
of component sizes made it possible to reduce the container 
cost and make the handling easier, Furthermore, the use of 
such @ container system allows the use of special trucks to 
transport a number of containers at a time on a simple little 
trolley. 

(iv) A raw material stare was set up using the same type of storage 
medium with a larger box size for castings, and a simple 
"»yigeon hole" rack for bar stock. 

Tho size of the steel store was based on judgement in 
comparison with the current Aylestone Road store. 

3.10.6. PRODUCTION P 

  

It was specified to use a period batch control system since this is 

probably the only system which is compatible with G.T. 

A review of the current production planning system indicated that 

current batch sizes cover from four to nine months plus requirements 

  

   
(fable XIII). A cyele of three months was initially env ed tut this 

had to be reduced to one month. 4& three-months cycle wou: ren 

too high an inventory level, bearing in mind that period batch contol 

tends to double inventory when compared with inventory control. Thus 

a three months cycle would approach a stock holding of 6 month u 

  

batches in the existing system, end no savi would have been achieved. 

  

Furthermore, the production plenning function could supply three montlis 

firm requirements ahead, which provided the correct lead time, (i.e. two 

months lead time to cover the third month). 

The one-month cycle made it imperative to consider group tooling 

end technological sequencing at an early date. 

A two months lead time was made up as follows:~ - 

One month to make requirements 

Two weeks cell throushput time 

{wo weeks component set marshalling and sefebty tine 
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It was intended to meke the svstem as-near self-controlling as 

possible, to obtain clear indicatiorsof any bottlenecks, 

Stress was laid on pernetual inventory checking to relete the 

programme to any previous overproduction to avoid the running-up of 

excessive stocks. To be able to control this aspect, it was decided 

to split the finished part store into two sections, one for monthly 

§ross requirements and one for make-variances. 

It was decided to specify a small variance stock to control make~ 

variances (e.g, seran) and spares requirements. This safety stock 

would initially be set equal to the current emergency stock level, but 

be sradually reduced in the light of operating experience. Batches 

would be loaded to include 15% scrap and spares allowance and when received 

in store, any remaining surplus over the monthly gross requirement would 

be stored in the variance store. A monthly physical check on the 

difference between the specified and the actuel emergency stock would 

indicate a necessary batch size correction for the following month. 

For example:- 

Gross requirement 20 

Specified emergency stock 4 

Actual emergency stock 6 

Stock variance (2) 

Net requirement (Batch sive) (20 - 2) + 15% scxap/snaxe 
= 1843 = 24 

It was planned to sort 21] parts into a preferred loadin=   

and load every month against this fixed sequence, dropping zero 

  

ment parts. 

Capacity calewlations and scheduling against time would be 

  

a "key machine". During start up, the reletionship of overall ez 

balance in relation to the key machine for the planned sequence would be 

checked. If acceptable, this would only be rechecked every few months 

to maintain its validity. 

  Scheduling would be based on the milled cam and the ground cam cell 

respectively, and the material preparation and the cam finishing cells 

would be governed by the loading of these main machining cells. 

The milled cam section wes, for scheduling purposes, to be split 

“into two sub-cells, for plain milled and for profiled cams respectively. 
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This was necessary to suard against gross capacity imbalance within 

the cell, a problem described as "dynamic capacity" balance in the 

litereture survey. : 

Three scheduling lists were therefore required for the system:- 

(i) Plain milled cams: Key machine:- Horizontal Mill No.2 

(ii) Profile milled cams: Key machine:~ Profile Mill 

(414) Ground cams: ‘+ Key machine:+ Profile/Suxface Grinder 

The basic steps of the production control system were set out as 

follows:- 

(a) Establish a list of West Aveme parts 
  

This hes been described earlier. 

(b) Sort parts into preferred Loading Sequence 

To be able to load families for common set-ups, it is necessary 

to split the family into small groups of parts around each of which 

the group tooling can be designed. The Opitz code was not 

    sufficiently detailed for this purpose and in any c. » & code of 

sufficient complexity to provide sufficient detail for this purp: 

  

for all types of parts would be too cumbersome. 

It was therefore decided to apply a short scheduling code which 

  

unique for each family of parts, and consisted of 6 digits, three 

  

of which made up a component counter to give each parts a unique 

scheduling number and three made up the deserintive code. 

The design of this code was quite simple. The dra 

  

approximately 800 plain milled cams were collected and parts were 

grouped visually. This process is ouite useful for small groups 

of similar parts, where a fine division is required which would 

  

normally reouire a very complex code. Based on the visual group- 

ing, a code was applied to each group and the features concerned 

  

were described and listed on a coding c. + as shown. The total 

time for this coding process was less than 12 hours, 

Once all drawings were coded, the part numbers were listed in 

scheduling code order (Fig 56). 
. 

-(c) Obtain eross reauirements 

The Conpany has started to coi 

  

@ & gross and net requirement? 

   
computer print-out (Fic 57), which con 

  

sts of a pa plosion   

multiplied by a month 

  

y build programme.



The component requirements are listed in approximately monthly periods 

(four or five week periods) and the requirements specify the numbers 

used on assemblies during the month in question, i.e. the stated require- 

ments must be available in store at the beginning of that period. The 

print-out also shows stock levels and suggested orders. Stock levels 

are important to phase in the G.T. Cell, but this figure will become 

meaningless in time. The suggested orders relate to the current 

practice of ordering on E.B.Q.'s and are of no interest to the G.T. work. 

The print-out also shows the current safety stock level. - 

fo calewlete monthly requirements for the G.T. cell, it is only necessary 

to take the gross requirements off the print-out. It is planned to code 

the G.T. cell and get a separate print-out for each cell in tine. 

(a)  Settins owt the cell order chart Seka eee ee Ores Caer 

A historical record of usage of parts was established in the form 

of "Order Quantity charts" (Fig 58). These chants were kent in 

numerical order of drawi 

  

if numbers. Each monthly requir 

  

list was entered into this chart and via the catalogue 

  

number in scheduling code order these quantities could 

ferred into a CBLL ORDER CHART (Pig 59) in the correct losdina 

sequence, 

  

were horizontal milling, profile milling « 

respectively. To allow for the horizontal milling work on 
  

profiled cams one horizontal milling machine had been allocated 

  

  

‘as profile cam support and wes not considered to be part of the 

key machine capacity. 

  

The cell order chart ig natory:= 

Batches are numbered consecutively, and the gross requirement 

called for by the mein plant is entered from the ordex quantity 

chart. A sezap and spares allowance is added as well as an 

adjustment egual to the difference from nominal stock level of 

an emersency stock which is held for each part mumber, 
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(e) 

The material per part and per batch is entered as well as the 

piece-time batch time and cumulative load ( batch tine). 

Rudimentary "tick off" columns to monitor material end tooling 

availability and progress are provided. 

It can be seen that it is exceedingly simple to set up these 

charts and only clerical effort is involved. Scheduling is 

simple and delays and ‘shertages are highlighted very quickly. 

These charts can be easily prepared by computer, end plans have 

been made to draw up a suitable programme. 

It can be seen that parts are loaded in families with the same 

scheduling code. The gross requirements list is in drawing 

numerical sequence and to compile the cell order chart, it is 

necessary to go through the whole parts catalocue in scheduling 

order and cross-reference to the gross requirements list for each 

item. This is laborious and steps are taken at the moment to 

change this procedure as follows:— 

- List part numbers, scheduling codes and sross requirements 
in part number order 

  

    = Punch the information onto 80 cola pune’ 

= Sort the cards in scheduling code order 

- Obtain a tebulation 

  

This system will be expanded by merging the fale th 

with a file of mat 

cell order chart would be the output. 

      A completed erial data and key ma 

issue batches, Progress the wore, Recei 

  

For each bateh, a job card is issued which accompanies the batch 
  

  

throuzh the cell, For each operation # payment xi is made out, 

ynent .     
which acts as a record to arrange piece-work borne¢ 

The backbone of the progressing system is the Cell Order Chart. 

A copy of each chart is supplied to the cell schedvler and the 

storekeeper respectively. The seauence of loading ig specified, 

and the Manufacturing Period colum is marked up in working days. 

As parts are loaded sequentially into the materiel preparation 

area, they ave ticked off in the “load Prep." column. Three dayn 

lag are allowed between material preparation and subsequent 

machining. 
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Subsequent machining start is ticked off in the "Load M/c" 

colum, When the batch is completed, the cell scheduler ticks 

  

off the "Qty into Store" columm. A two week throughput time is 

allowed for the cell, and the cell scheduler can keep adequate 

control of the throughput situation by checking on the lag 

between the "Load prep" column and the "Qty into Store" column. 

When batches are received, into stare, the storekeeper mrks the 

quantity received’ into store on the cell order chart and the job 

card. He splits the batch up into the gross requirements which 

he shelves in the finished part store, and the scrap/spare 

surplus which he shelves in the variance store. The quantity of 

the surplus is recorded in his variance stock records and on the 

cell order chart. No store records other than the cell order 

chart are kept for the gross requirements finished part stoxe. 

If two weeks prior to the build month, based on the cell order 

chart, there is still. work outstanding, the storekeeper informs 

Production Control accordingly. Daring the week preceding the 

Build Month, all gross requirement batches are collected and 

despatched with part-copies of the cell order charts indicating 

s, if 

tely. The part-copy of the cell order 

the gross reovirements for the next Build Month, Shorts    
any, are listed separs   

chart acts as a des ch note. 

  

There is a fundamental problem in ¢.7. scheduling in as far es 

  

it is necessary to feed specific machines th speci. 

  

    

of parts. Nithout ad: 

  

ate planning it is possible 

set-ups have to be broken down frequently, or that s 

stand idle for long periods at ea time, Where a limited 

  

floating labour only is used end where a high machine utilisati 

  

is planned for, this becomes increasingly difficult, 

In the cam cell, there is normally more than one key machine. 

Fur the 

  

more, & considerable amount of plain milled cams require 

moze then one set-up and hence, to allow for low buffer storage, 

more than one machine working on the family at any one time. 

It is therefore necessary to:- 

(4) Feed batches in family sequences to specific machines. 

(ii) Ensure a material supply to ell machines. 
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These objectives are easiest achieved by allocating femilies of parts 

to specific machines and loading batches into the material preparation 

area in family rotation. 

The problem of scheduling was found to be cuite complex and has not yet 

been fully solved. In order to be able to run the system, a consider= 

able amount of manual control by the scheduling clerk is required, 

somewhat simplified by the low machine utilisation over the starting 

weeks. Whilst no proper operating experience exists to date, it is 

. expected that a considerable amount of "panic" chasing in the material 

preparation cell could be required to ensure an adequate loading of the 

subsequent cells. 

Some fundamental thoughts gave an indication that the concert of family 

loading could be developed fairly easily. 

It is required ina GT. situation to group small batches of 

similar parts together to form large batches and achieve some of the 

benefits of large batch and flow production. This concept cen be 

extended to the scheduling of the cell or flow line. 

It is obviously possible to have 2 nu 

group them together, using one "family" 

the "family" rather than its individual 

  

   

  

   

        

   

just one simple rule i.e. each pert in a fami 

tion sequence where each operation uses one 

family. In instances where certain parts in the 

all operations in the stendard sequence, "dumny" o: 

inserted to establish the correct flow pattern and oper 

sequence, 

Once this hes been done, the 

simplified. 

  

in family sets anyway, according to their scheduling cod 

Each family is bracketed together and cumule 

and start and finish dates are calenlated on 

To schedule families is easiest accompl: 

techniques, loading from the due date backwards. 61 illustrates 

  

the situation for one five-operation family and illustrates the basic 

overlap rule. Assuming & minimm inter-operation buffer of, say + 

  

day, considering operations 4 and 5, buffer periods H and B must both 

be equal to or ME than 4 day end one of them should 2 2      ronch & 
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Mathematically this is expressed in terms of 

Bae x 

EB 7 ix 
ifn Sas 5 Boo XK 
if E> # : How X 

where X = minimum buffer. 

Clearly these rules ensure’ that:- 

(a) An operation cannot start earlier than } day after the start of 

the previous operation. 

(») An operation cannot finish earlier than 4 day after the completion 

of the previous operation. 

(c) By letting the start or the finish buffer approach 4 day, the 

throughput time of the batch is minimised within the constraints 

of goods machine utilisation. 

The total throughput time is:- 

A+ 4648 + (5) 

= B+C+D+E+ (1) 

Clearly if the operation times are equal 

A2z=B=C=s+D=EB=2F =G=H =X.This mst be the optimun 

condition since for all other cases one or more of the buffers must be 

greater than KX. Hence to minimise throughput time, it is advisable to 

     

try to balance the operation leng 

Figure 62 indicetes the process of cherting a programme on & 

Gannt chart basis. One useful techn 

  

e used in industry 

th one horizontal slot for each 

  

employes a slotted planning haar 

Job cards ere calibrated with 
  machine deep enough to + job cards. 

  

a seele on their top edge which is cut proportional in length to its 

operation time. These cards are placed in the trays against their 

machine and slid into suitable positions,observing the rules laid down 

  

previously, to form a planning chart. Fiz 63 shows 4 sketch of the 

planning board involved and Fiz60 shows 2 typical family job card. 

This system was chosen for W.M.B. to provide the right compromise 

between complexity and controllability. i 

To obtain an indication of the production control effort involved 

the first month's cell order chart was reviewed, The chart referred to 

  

plain milled cama only. 
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The ratio of cams in the cell was as follows:- 

Milled cams = 35H 

Profiled cams = 45% 

Ground cams = 2095 

The cell order for milled cams consisted of:- 

215 batches, 31 average batch size for 23 working days. 

” Extrapolating by ratio over profiled and ground cams and assuming 

the first month to be typical, a normal cell order chart for the 

completed plant would consist of 478 patches per 23 working days or 

21 batches per day. , 

There is no doubt that one scheduling clerk can cope with this 

amount of work. 

These figures also indicate that for a two-week throushput time 

only in the order of 240 batches are in the plant at any one time. 

This is considerably less than the 500 batches expected, even if an 

ultimate increase of 20 to 30% ‘of part numbers is allowed for when 

cam-like parts are introduced into the line. This factor confirms 

that the conveyor length provides adequate storage space for all 

batches, 

The total system was dram up using flow charts (Pig 64 & 65) 

to ensure thet a logical sequence of events has been plenned.



3.10. 7. CONTROL ASPECTS OF ‘TEI SYSTEM 

One primary consideration of the production control systems 

design was the inclusion of adequate feed-back loops to high-light 

any problem areas, 

Fig (66) shows the block diagram indicating two feed-back loops 

to monitor the work progress. 

Loop (A) controls the progress of the work and controls 

(i) ‘the extent to which due dates are met and indicates areas where 

. work is held up. 

(ii) the issue of further work into the shop by comparison of input/ 

output plans and actual output achieved. 

Loop (3) controls the quantity performance and ensures that 

quantity tarzets are met. Asain the control is two-fold. When’ a 

batch is received in store the gross requirement is split off. Any 

remainder is vlaced into the serenf/spare varisnce store. Alter>tively 

any under-make is made up from the scrap/svare variance store. If this 

store cannot make up the shortages the production controller is informed    

this 

  

to take emergency action (i.e.issue a further bateh). Secon 

loop controls the seran/espare verience store. Every month when the 

    new cell order chart is made up, the difference between the planned and 

the actual serap/spare variance stock is checked by physical inspection 

and the next month's batch is amended to allow for any diz 
   

Cy « 

Thies second control feature firstly ensures that any pr ve scrap/ 

spare excess over plen is accounted for and secondly that physical 

stock is checked sufficiently frequently to minimise eny shortages due 

to poor records, 
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3.10. 8. PRODUCTION ENGINEERING ASPECTS 

  

Very little has been done to date to implement new methods and 

tooling in the G.T, cell and the following notes can only sive an 

indication of the work which will be done over the following months. 

There are basically three requirements: - 

(i) Change the planning.sheets to split milling overations 

between the materiel preparation cell and the milled cam cell. ‘This 

is fundamental to the running of the system and requires immediate 

attention. 

(44) For each group of similar parts a standard planning sequence, 

must be drawn up and all family plannings must be flow compatible. 

It is expected, that common information can be vsed on the planning 

sheets and a fixed master with variable additional information wild be 

suitable. 

For simpler cams a master sheet with tabulated information for a 

number of cams should be suitable (Fig 67). 

(441) For each family group-tooling must be designed and mede to 

enable the cell to handle very small batches. 

Stress will be laid on permanent fixture set-ups with qnick-chanze 

locetors and cutter setting pieces. 

Typical examples are given in Fig 68 & 69. 

The examples on Fig 67 to 69 refer to one famiiy of parts of which 

a typical part is shown on Fig 70. All of these cams have the same 

manufacturing requirements, but vary in dimension. 

(a) fo cut the ends to 45°, 

Parts are initially machined to a controlled length, 

They are then slid into the fixture (6 to 10 at a time) to a stop and 

clamped. The stop is removed and the comer is cnt off. Clearly the 

dimensions of the parts are immaterial and any size parts within the 

loading constraints of the fixture can be accepted (up to 5* lone cums’ 

are catered for). ‘This fixture incidentally was in principle designed 

by a cell operator and marks the start of the kind of co-operation to 

be expected in a cell system of menufacture. 

This operation is preceded by:- 
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(») fo cut to length and width 

‘For this operation parts are loaded on the special setting block 

‘A' which determines the height and a block 'B' determining the width. 

Again several parts are milled in one set-un in a vice. 

In order to speed up the introduction of these methods, existing 

standard machine vices were used for clampine, but these will in time 

be replaced by pneumatic todling. 

There was nothing new in this method of machining and form cutters 

were already in existence. The innovation was the use of setting 

blocks to speed up the change over times. 

The tooling employed is quite simple and not as elaborate as 

could be, to provide an efficient method. It should however be 

remembered that the plant operates solely with skilled labour, 

generally of a high calibre, and whilst some of the tooling under 

development does not represent the most advanced level of production 

engineering, it has certain advantages:— 

(4) It is cheap to make. 

(4i) Loose setting pieces offer the shortest chanse-over times, 

(444) The use of these fixtures requires a certain level of 

skill and attention which is preferred by skilled 

operators. 

The examples illustrate one area of the work to be done at West 

Aveme. ‘They do demonstrate that component change-over time within 

a family should be negligible and small batches of any size can be 

produced economically. 

One limitation of the smallest batch size is incidentally the 

number of perts machined together in one set-up, and this information 

must be fed back to production control. Within the concept of the 

variance store this exception can be dealt with. It should be noted 

however that this does provide a batch size caleoulation parameter 

and whenever possible, fixtures should be designed such that they can 

accept less than the optimum number of parts per set-up. 

The work described is likely to generate a considerable saving 

in the near future when new machine models are introduced. 

Initially this work represents an additional cost since ell of 

the existing components are already fully tooled. 
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(Sid) The current practice of combinine several set-ups on 

one machine into one operation on the planning sheet has to be 

discontinued. 

In the current practice of machining such work, an operator is 

issued with a batch of components, and machines every set-up on the 

batch in turn with machine re-setting between batches. Clearly 

from a G.T. point of view this, is not acceptable and different set— 

ups have to be produced on different machines. Thus a considerable 

number of parts have to be re-planned. 

3210.9. OBSERVATIONS ON TN EMSRGRNOH OF A TRAY SPIRIT 

As indicated in the last chapter great stoze is set by the theory 

of primary sociological grouns within a cell system of manufacture. 

It wes therefore particularly rewarding to see the emergence of a 

healthy team spirit at West Avenue at a very early date. 

The initial labour force consisted of four milling operators, one 

inspector and a storekeep 

  

The operators end the inspector had been forced some ten months 

  

earlier*o join the night-shift at the Aylestone Road plant and weve 

very keen te return to the day shift. 

There was therefore a basic good will and eagerness to assist and 

  

make the West Avenue project viable. This factor alone wes exceeding— 

iy beneficial and set the right working attitude. 

On the start-up morning a talk was 

  

nm to the personnel by the 

Aylestone Road Chief Production Engineer (Wes + Avenue Production 

Maneser Designate) on the aims of the plant, the orzanisation and the 

basic principles of G7. It will be remembered that the plant was at 

that stage capable of horizontal milling only and a number of batches 

of pre-machined blank components were ready for work. The operators 

were led to the proyress area where they viewed the work. One operator 

(Graham) immediately took a lead and checked with a production engineer 
on available tooling and equipment and then guided the other operators 

on the choice of work to start with. Graham had a considefable know- 

ledge of cam milling together with a forceful but constructive person- 

ality and a particularly well equipped tool kit. He established 

immediately the respect of his fellow operators and became soon the 
accepted, self~elected cell leader. 
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The support staff at West Avenue at that time consisted of a 

production engineer and a systems analyst acting as production 

controller, both under the guidance of the author. 

By deliberate policy, supervision to the cell members was reduced 

to a minimum and virtually restricted to a supply of work and procure- 

ment of tooling with occasional guidance on work priorities. 

The detailed scheduling, -allocation of work to specific machines, 

and general discipline was immediately and enthusiastically taken up by 

the Group. The pace of working was very active. Despite shortages 

of tooling and grave limitation of some of the machines available at 

that time, coupled with delays for tool regrinding, the cell output 

during the first was approaching that of the Aylestone Road plant 

(based on allowed times and typical bonus rates), and on the one machine 

of high power and hish quality en output well in line with Aylestone 

Road plant expectations was achieved. 

There was a noticeable shortage of tooling and fixture. A 

considerable amount of milling work at Aylestone Road is currently 

  

ich no records 

ed at 

the same time that all tooling aids would be passed into the store and 

done, using the operator's own "lash up" tooling of wh 

exist. The Group made up such aids as they went along but a; 

  

recorded on the planning shests for future reference. 

The morale of the group was excellent and there was a keen desire 

  

to prove that West Avenue could compete economically with Syle 

There were considerable problems with obtaining work 

  

Aylestone Road and ar: gements were made to cut off blanks from bar 

  

  

at West Avenue on horizontal milling machins Once this problem had 

    

been discussed with the Group they organised themselves so that one or 

two members were cutting off at any one time. Cutting off    in a boring 

and monotonous low-skill job and the group members worked out their own 

rota system to ensure that everyone would set his fair share of cutting- 

off work. 

The concept of floating labour had been resisted at Aylestone Road, 

but seemed to become more acceptable at West Avenue.  Beesuse of the 

problems of tool-grinding, the Growp requested that a tool and cutter 

grinder should be installed at West Averme, and they would regrind their 

own tools, This would heve been totally wnacceptable at Aylestone Road. 
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There were initially seven horizontal and one vertical milling 

machine at West Avenue with only four operators. 

The operators therefore kept two tiachines permanently set-up for 

frequently recvrring operations and fluctuated between the various 

machines to suit the requirements of the work. This was done with 

minimal outside instigation or suidance. 

During the early weeks the.inspector was not much occupied and 

after about a week he approached the author end asked, if it would be 

possible for him to cut off material to help out. It was known that 

Graham was a keen trade unionist and the thouzht of an inspector 

operating machines was certainly totally unacceptable to any operator 

at Aylestone Road. ‘The matter was discussed with Graham and his 

fellow operators, who agreed whole-heartedly with the scheme, as long 

as there was nobody from the Aylestone Road site at West Avenue to 

observe. 

Other examples of this kind of team spirit and pride in the new 

plant became apparent. 

The store keeper, out of his own initiative, used his spare time 

  

to brush up, clean toilets and do a whole host of minor jobs which made’ 

the conditions and appearance of the plent more acceptable. 

A further example occured at Christmas when a representative of the 

  

Group approached the author about Christmas drinking. He pointed out, 

that at Aylestone Road it was common practice to take alcoholic 

    

into the factory and celebrate. They, the Group, felt ¢. 

dangerous and represented poor discipline and they would    to & public house during the lunch br 

He at the 

and return to wo 

  same time invited all staff members to join the overators for 

a Christmas drink, 

Staff-operator relations were exceedingly good rizht from the on        
which wes #11 the more surprising, bearing in mind the particularly poor 

relationshin at Aylestone Road, The following reasons are vrobably 

responsible for this. 

(a) The operation of the plant was based on mutual respect, 

There was 4 clear division of duties which indicated that the inter-cell 

aspects i.e. operation of machines, allocation of duties and cell 

discinline were left to the cell members whilst the staff fulfilled the 

support functions of overall guidance and supply of resources. 
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(b) The superior knowledge of the operators on detailed manu- 

factyring methods was openly acknowledged and their advice sought on 

many occasions. This gave the group members much more job satisfaction 

and led to a feeling of co-operation with management. 

(ce) The small size of the cell made it possible for staff 

members to meet all operators several times a day and talk to them 

informally about various subjeéts. Asain, this promoted the vroduc- 

tion team spirit which is so much lacking at Aylestone Road and which 

cannot be achieved in a large functions] layout shop. 

Information on the good relationships which are developing at 

West Avenue started to feed back to the Aylestone Road plant and after 

about two weeks of operation, management were approached by the 

Aylestone Road grinding section foreman who mentioned that one of, his 

operators wanted to move to West Avenue, to operate the recently 

acquired second-hand surface grinder, and that this operator had 

indicated that he would not object to "doing a bit of drilling" if 

required. This was even more astonishing if one considers that 

traditionally grinding is a high status operation whilst drilling a 

low status job. 

It is expected that the group behaviour pattern which is setting 

itself up at praesent will provide a useful basis to lead to the ready 

acceptence and possible even the request for the floating labour 

principle and gr 

  

up incentives, both major requiresents in a G7. 

system. 

There is no doubt that the observations here are to some extent. 

analogeous to those in the Hawthorne e: iments and it will be 

  

intere 

  

sting to see the long term effect. 
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3.11. COST AND SAVINGS AUDIT 

3.4121. DUWRODUCTION 

Certain objectives had been set when the project was started, end. 

some of these were of a financial nature. It was therefore necessary 

at the end of the feasibility study to take a closer look at both the 

costs and the savings of the G.7. conversion of the Aylestone Road 

plant to assess the financial feasibility of the project. 

Especially with regard to’ stock reduction, useful predictions 

could be made. The calculations were based on October 1973 stock- 

taking figures, and represented the most recent caleuletion of physical 

stocks. The following months' calculations of stocks indicated that 

inventory wes still inereasing and that the figures used were not 

artificially high. 

The cost calculations were based on the ectuel project cost to    

date as logged on a day to day basis by the GT. team, and estimated 

for the conversion of plent b: 

  

d on general practice and experience 

gained at the West Avenue plant. 
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SAVINGS ANALYSIS 

Finished Part Inventory 

The finished part inventory flow with G.T. is as show 
below, based on a’ one month's cycle with half a month 
throughput time and. half a month safety period. 

2)
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7 Ym pe 

IN
VE
NT
OR
Y 

VA
LV
E 

TIME | 

  

Over period (2) Average level = §Q + % = 12Q 

Over period (b) Average level = @ + 40 + 4Q = 179 

Thr 
is 

average finished part stock level is 13, where Q 
he monthly shop output. 

      

(1) Current Finished Perts Inventory at VM. B. 
  

Machined parts inventory = £550,000 

e bought out, 25% 

hed parts = £412,500 

  

    

(44) 

  

Monthly plant output = £120,000 

Ideal stock = 14 x monthiy output 

= £180,000 

Allow 30% excess and scrap/spare allowance 

Practical G,T. finished part level 

= £234,000 

SAVING =~ £178,000 
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(>) Work in Progress 

(i) Current work in prosress 

£400,600 

(ii) GT. work in prozress 

Machine shop output £1,400,000 at works cost 

Raw materiel content of current work 

= 38% 

Average work in progress value based on year's output 

= 4% (Raw material + Fin, Part Cost) 
- 

= % (386+ x 1,400,000 
400 

= £966,000 

Average throushput time is two weeks 

GT. work in progress value 

= 2 x £966,000 

= £37,153 

Allow 50% excess: 

Total G.T. Work in Progress 

= £55,700 

      system of period batch comtrol. Assuming a redu 

(i) 

    

Units with shortages £72,052 

Machine build (shortage £466,558 
book) =   

£538,610 m 

  

(41) GT. level 

Saving = .75 x £538,610 

= £404,000 
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(a) 

(e). 

Spares Inventory 

With a throughput time of only two weeks and the introduction 
of a sorap/spare variance store, the spares stock can be reduced 
considerably. 

Current Spares stock level: £102,606 

Assuming a 50% reduction, 

SAVING = £51,300 
  

Productivity 

It is difficult to predict productivity savings with any 
degree of confidence, and any figures which can de quoted 
will be based on judgement only. 

Improvements from 10% to 30% plus ave quite f 
Aylestone Road the foliowing items were su; 

  

sible, and for 

  

1. Morale improvement 107> 

2. Improved methods and use of group tooling, 
power clamping etc, 8 

  

36 BeEtans times may not reduce Sune rate tially 

because of reduced batch s 

  

     4. Reduced wasta d losses owing to x 
improved contro. 3 

Suggested total saving we oe «8 21% 

Current output et works cost: £1, 400,000 

Saving of 21% th    ofs & 294,000 

    

   
ed labour cost on 

and (4) = 135 of 
£ 74,000 

NEL SAVING PER YEAR = £220,000 

   Potel Ca 

£977,600 

(Work in progress, Finished Parts, Kit Sets and Spares) 

1 Released 
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3.11.3.  INDTRE L_ SAVING 

  

A direct labour saying in the Machine Shop of 21% has been proposed and 

costed including Works Overheads. The latter includes indirect labour 

which must be reduced accordingly for the calculation to hold true. To 

allocete the saving correctly, it is necessary to apportion indirect 

labour to machine shop labour:— 

i.e. Total direct labour = Boo 

Total machine shop direct 
labour = 220 

24% reduction of machine 65 reduction of 
shop labour # total labour 

  

Thus indirect labour must be reduced by 84%, i.e. 31 of 361. 

Table XIV shows a list of curvent indirect labour. Colum (A) shows 

the labour figures, Column (8B) ws the 825 reduction recuired and 

Colum (¢) sh 

  

s the estimated reduction which should be achieved. 

  

Colum (C) includes only estimates and the bulk of the reduction refers 

to production control. Without a detailed job enalysis of all personnel 

members, it is difficult to calculate exact savings. If it is accepted 

  that half of the department (Production Control and Progress Chasing, 

are connected with the machine shop, these can be reduced from 29 to i2 

persons (7 cell schedulers, 2 cell planers, 2 clerks, machine shop 

scheduler). 

Spares progress can be cut by certainly 2 men, since the concept of s 

  

progress as such will cease to exist. Foremen can be reduced by two, by 

having a working charge-hand in each cell. 

Thus a minimum of 34 direct workers will become redundant (or absorbed by 

greater output !), and as a good approximation, it can be claimed that 

indirect labour savings in ratio to the direct labour saving can be 

achieved. 
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3.11.4. 

(a) 

COST ANALYSIS 

Cost of the G.T. Analysis 

The cost of the analysis leading to the West Avenue plant 

layout and the overall Aylestone Road cell layout was logged 

on a week-by-week basis, and the cost items are as follows, 

pased on direct labour (i.e. excluding all overheads) and 

expenses only. 

(4) 

(44) 

Overall Study:- 

Training and Consultation (including 

fees and study cost of author) £1,578 

Sample coding £1,048 

Design Retrieval Coding £1,562 

General Administration & 165 

Sample Data Collection £ 327 

Data Processing € 450 

Overall Project Plaming = 30 

Plant Data Collection & 65 

Paper, drawings, copying, & 440 
stationery etcetera 

  

West Avenue Analysis:— 

The analysis of the West Avenue plant included:- 

plant layout, project plenning, systems design, plant 

service design and general project co-ordination. 

The cost of the analysis was £1,920, but this included 

a considerable amount of production control “systems 

design which needs only to be done for the first cell 

(estimated 2% around £400) and planning of services and 

implementation of 2 new plant which would not normally 

be required for an internal layout change to a cell 

system (estimated at £500). 
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The cell analysis cost can therefore be apportioned as follows:= 

  

Total Cost £1,920 

Less £ 400 (£400 systems analysis 
cost apportioned over 
all cells) 

Less 2 £ 500 (£500 new plant analysis 
i peculiar to the West 

Avenue project) 

NET CAM CELL COsT £1,020 

  

Adding the £400 systems design cost to the seneral analysis 

cost, the overall study cost increased to £5,665 + £400 

= £6,065. : 

(>) Implementation Cost 

The only comperison to date was the establishment of the West 

Avenue plant, which required exceptionally high expenditure 

and cannot be treated as a normal case. 

gement can be made as 

  

The cost estimate for internal re-ar 

  

follows, based on the experience of the W.M.B. plant personnel 

and the impressions gained at West Avenue. 

Total Aylestone Road convemsion:— 

430 machines moved at £30 average £3,900 

Analysis cost for eleven cells £11,000 

Duplication of low cost plent items, 

purchase of racking, conveyors and. 

various vlant equipment - allow a 

budget figure of £3,000 ver cell £33,000 

TOTAL cos? £37,900 

  

A further cost of £10,000 should be added to this fixure to . 

allow for capital equinment purchased for West Avenue which 

will aid the establishment of a G.T. system by allowing 

pliant duplication. 

180



(ce) 

(a) 

Pooline Cost 

It was difficult to predict tooling costs at this stave since 

really no tangible experience existed. There is no suidance 

on this aspect in the literature, end an estimate must de made. 

This again is difficult since a lot depends on the amount of 

sophistication a Company is prepared to pay for. The following 

estimate should therefore only be treated as a budzet item: 

Considerine West Avenue:~ 

30 families were planned for and an estimate of £300 tooling 

cost per family was made in conjunction with qualified staff at 

WM. Be Thus a West Avenue tooling budget of £9,000 would appear 

to be reasonable. = 

The West Avenue plant would be resnonsible for 14% of the total 

Aylestone Road machine shop output. Assuming linearity of 

tooling cost, a budget figure of £65,000 should be allowed for 

tooling up all cells. It is likely that this est 

      

since cams tend to require more than an averaze 

The subsequent costs and savings com 

relative insignificance of this cost figure, and a £65,000 

tooling budzet was proposed. 

  

The total cost calculation ignores the cost peculisr to the 

establishment of a separate West Avenue plant. This cost F 

  

d to 

be written off anyway as a change in management policy. Thus 

  

the total cost breekdowm can be given as follows:- 

G.T. Analysis : Overall Project & 6,065 

G.T. Analysis : West Avenue £ 4,020 

G.7 Analysis +: 11 further cells £117,000 

Machine movement £ 3,960 

Capital & Revenue plant expenditure £33,000 e 

Tooling Cost £65,000 

West Avenue Capital £10,000 
  

£129,985 
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Ae 

4.1 Gf. Project Feasibility 

The prime question in this report is:- 

Is the application of G.T. at W.M.B. Aylestone Road 

(a) Feasible ? 

(ov) Desirable? 

The following discussion will show why. both of these questions 

can be answered in the affirmative. 

Once the Company operation had been analysed, it was possible 

to specify why G.T. was particularly suitable for W.M.B. 

Taking initially Leonard and Koenigsberger's criteria (see 

previous chapter), it would appear that W.M.B. are in many 

ways eminently suitable for ¢.T, 

(4) A large number of small batches? 

W.M.B. certainly have this particular problem. As 

    fed earlier the average annual usage of par 

  

point of view. This factor is the most crucial one 

in confirming W.M.B.'s G.'T. suitability, and it is in 

fact doubtful that in their environment any other 

manufactur. 

  

system could adequately cope within 

acceptable cost and capital levels. 

(ii) Accurate production inftem tion? 

An accurate production plan has not been availeble in 

the past, but with between 6 and 18 months sales well 

imown in advance, there is no reason why a very stable 

énd accurate production programme could not be 

established. 
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(4i4) 

(iv) 

A considerable amomt of work is being done in this area and 

within a short time, firm production plans should become avail- 

able, which will allow the use of fixed cycle ordering technicues 

with full confidence. Since the plan prepared so far only 

reauired in the order of five or six months lead time from cell 

planning date to shipping date, it is likely that e firm produc— 

tion prozramme over nie ‘period can always be made available. 

Other production data such as methods, plant data end times are 

very, poor, and a considerable amount of work needs yet to be 

“ @one in this area. This does not of course invalidate the G.T. 

concent for W.M.B., but does require a greater effort during the 

establishment of the ceil system than would be necessary if 

adequate information had been held in the past. 

Customer delivery requirements? 

W.lM.B. are required to supply to promised delivery dates, and 

there have been many problems in this ares, largely due to poor   

  

control. of available capacity and a never-ending list of shorta 

of W.M.B. has 

y affect 

  

in the assembly shop. Whilst the product excellence     

   in the past ensured that poor delivery did not seriox 
  

sales, one cannot be certain that this situation ean be maintained 

in the future. 

Company control of raw meterial? 

    

Like most companies, V.M.B. purch: ravi met: 41 and do 

    

not control it directly. Whilst thi 2 potential threat to 

aG.f. system, it is possible to compensate for this by good 

are well established 

throushout the engineering industry. Indes 

  materiel planning, and techniques for this      
   

  

d, it can be argued 

that the demand for improved plenning set by G.T. will vrovide 

the necessary data and plaming consciousness which will reflect 

  

favourably on the material plenning at W.M.B, . 

Light Components? 

Components at W.M.B, exe commaratively licht by general. engineer— 
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(vi) 

(vii) 

(viii) 

(ix) 

Minimum inspection? 

Inspection is quite extensive at W.M.B. caused by the component 

complexity involved, This certainly makes the G.2. concept at 

W.M.B. more difficult and challenging than in such companies as 

Ferodo or Serck Audio, but probably no more difficult than at say, 

Herbert. hit 

Simple jobs and flexible labour? 

Jobs tend to be complex and floating labour is not generally 

favoured. This sets up major problems which make G.7. complex 

at W.M.B. but by no means impossible. As the study on the pilot 

plant has shown, it is quite possible to build up a system which 

can cope with complex parts. Again the exemple of Herbert comes 

to mind as a company producing 2 complex product (i.e. machine 

tools) using a G.T. system. Constraints of this kind become 

increasingly less significant 2s more experience is gained 

throughout industry to cope with more complex situations. 

Inexpensive plant? 

t to medium en. 

  

The plant at W.M.B. is standard, 1: 

  

plant with the majority of items of low to medium capital value. 

Machine depreciation is only a small fraction of total cost, and 

underutilisation of machines is not 42 great cost item. & more 

serious consequence is the shortage of floor-snace, and 2 

reduction in machine utilisation would have to be accompenied 

by an improvement in productivity. This would not appear to 

be a major problem since the productivity level et Aylestone 

Road tends to be quite low. 

Similarity of components and production operations? 

Components at W.M.B. tend to be wide spread with many different 

types. They do however appear to fall into suiteble families 

for cell establishment. 
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Some of these families are very sinter (e.4. large turned 

parts or cams), others’ are more complex but still group together 

into a relatively small number of production processes. ‘The 

problem on a wide range of different speci=lised machine tools 

which have to be spread over a stiall number of cells does not 

exist. By virtue of the grouping taking place and the general 

nature of the processes used, it is fairly easy to allocate 

virtually 211 machine tools to specific cells. 

(x) A balanced machine utilisation? 

The overall plant capacity analysis seems to indicate that in 

most cells an acceptable level of machine utilisation with 

reasonable balance can be achieved. There are instances of 

poor utilisation in some areas, but these will always exist within 

aGT. system. It is quite surprising to see the high degree of 

  

average machine utilisation generally achieved in the suggested 

cells. 

(xi) Maximum advantage of classification system? 

Little can be said about this factor at this stage. Th     
no doubt in the author's mind that the Opitz code used in thie 

   
analysis is very suitable for the overall cell de and could 

  

’ 

be used to advantase for design retrieval work. There have been 

  

      

  
   

certa 

the ad 

2 shortcomings which will be discussed later, but in gen 

Hardly eny us 

retrieval, but this is not so much = fault of the code but more a 

problem of acceptance and apathy in the design office. 

A review of the company's problems in relation to the factors 

mentioned above leaves no doubt that the use of G.i. in the Aylestone 

Road plant of W.M.B. is not only feasible, but that indeed GT. is 

probably the only manufacturing philosophy which can adequately cope 

with the particular problems met. 
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We face here an almost "classic" example of the dilemma of a 

batch producing plant. Average annual usage rates are very low, but 

the complexity of the parts requires relatively hizh batch sizes to 

achieve acceptable set-up time levels. The result is a hich inventory 

Jevel, This high inventory level is fuether ageravated by the 

“uncontrollability" of an incredibly complex manufacturing pattern. 

One has only to look at the current inventory figure of £2.6 million, 

which could be reduced vy £1 million, using G.T. It is difficult to 

envisage any other manufacturing philosophy which covld cone efficiently 

with this kind of problem. 

The "uncontrollability" of the current system has often seriously 

limited owtput, because shortages have held back the assembly shop. 

There is therefore always the situation of the plant operating at a 

low level. The assembly arezs are operating below their theoretical 

output rate owing to shortages holding up the programme, and in turn 

the machine shop is not called upon to produce to capacity, owing to 

the inability of the assembly shop to absorb the output. Two examples 

can be given to illustrate this problem:— 

(i) Up to early 1972 the plent produced as a considerable propor= 

tion of its output one particular model of machine, with only 

very minor variations. The controllability of this mchine 

was high, since a small number of different varts constituted 

a major proportion of the plant output. Also batch sizes 

  

were generally hish. During the period of building this 

  

machine, the Aylestone Road factory was financially in e mich 

healthier position and at the same time operator piece work 

earnings were considerably above current levels. 

(44) The author recently conducted a brief study of the cambox 

assembly area, This department has been a bottleneck for a 

period of time and despite staff increases, has been hard 

pressed to make an output of 50 machine sets per month. A 

capacity analysis indicated a theoretical capacity.of 75 sets 

per month, a high current proportion of waiting times for 

shortages and relatively low earnings levels. 
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There can be no doubt that there is severe difficulty in 

controlling the current system. Prom a review of the G.f. literature, 

this is not surprising, and one cannot. imagine any system other than 

G.T. having the capability to cope with this complex environment. 

{here is currently a lack of accurate data of any kind, and whilst 

this did seriously hamper the project at times, it did not make the 

study impossible and valid results were achieved, largely in keeping 

with expectations. ‘The capecity data used in the project was in fact 

used by the Cost Controller as a basis for plant eapacity planning. 

There would appeer to be a useful opportunity here to set up a good 

level of information on a cell-by-cell basis. This would firstly 

break down the huge task into manageable proportions and secondly 

provide the opportunity to prove out systems on the first cell before 

the whole of the plant information system was updated. ‘ 

It was expected that poor labour relations would be a serious 

obstacle. In the event this proved not to be so. Of course a 

considerable amount of discussion was involved during the initial 

stages, but once labour was transferred into the cell at the West 

Avenue plant, the cell team spirit made itself noticed. There is 

little doubt that with gocd ma: 

"sell itself" end even floating lebour and the mixing of skills would 

ement of the first cell, G.T. would 

  

be acceptable to the Unions. As regards the latter point, W.M.B. are 

   particularly favoured by having only one grade of lebour and pey (i.e. 

skilled). This removes one of the major obstacles to floating labo 

    

Furthermore, the indication at the West Avenue plant was 

    grede of labour at W.M.B, would lend itself to operator ps rticipation 

  

in cell management and production engineering, which would further 

   improve morale, whilst at the seme time giving the company the opport— 

unity to take advantage of the considerable amount of production know 

how existing amongst the operators. 

W.M.B. are further favoured by their stable and long order book. 

With a suitable production planning system, which has been set up 

recently, and is now going through the stage data improvement, very 

accurate gross reauirement lists can be established. This favours 

the use of period batch control, which requires better production 

forecasting then inventory control.



To obtain the real productivity benefits of GT. ; it would be necessary 

to change the payment system, The current allowed times would either 

greatly limit the potential improvements in productivity or else escalate 

earnines to a ridiculously high level. There is therefore a need to 

negotiate a -fair sharing of productivity improvements. Furthermore, 

the current operation—by-operetion piece work system is not suitable. 

GT. will reonire an inereas¢ in the number of operations where several 

set-ups have been grouned within one operation, and require 2 considerable 

dinerease in the number of batches issued. This might well raise the 

paperwork involved in the piece-work system to an unacceptably high level. 

A group bonus system with a suitable productivity improvement bonus would 

probably be the answer, 

A look at the objectives of this project is required to see how 

these were met during the study. Naturally at this stage the objectives 

have not been fulfilled, but it should be possible to decide more clearly 

if it is possible to do so. This is the key to the feasibility of the 

project, and will helm Management to decide if a continuance should be 

authorised, 

  
i Simplify Manavement Control 

The study on the pilot plant leaves no doubt thet Mar 

  

senent 

control will be simplified and imoroved. The key is the cell 

     

  

order chart tied to gross requirements for spec o assembly 

periods. It has been demonstrated how with simple clerical 

effort a very high assurance can be given that the essembly 

  

red ements will be met. The simple feed-back loops included 

  

in the control system make it virtually c in that the current 

s will be overcome. 

o 

  

problems of stock wncerteinties and shorta; 

       
It should be noted, thet with an increase in the number of ¢ 

the system's complexity does not increase. There are merely 

parallel additions of near identical systems. fhe G.T. 

production control would therefore exhibit horizontal growth, 

rather than vertical srowth. The inherent departmentalisation 

of a G.@. system ensures that each production control clerk 

controls an area well within his capability. 

188



eB 

aie 

Reduce inventory? 

This objective is well met end a look at the cost/saving 

audit in the previous chapter should dispel any doubt that 

in purely financial terms the project must be a success. 

The initial tarzet of a 50% work in progress and finished 

part stock reduction can clearly be met and even improved 

upon. 

Reduce progress effort? 

In view of the increase in batch issues, it is unlikely 

that the number of clerks will be reduced significantly. 

The progress control will of course be greatly improved. 

When the objectives were initially set it was not 

appreciated to which extent batch issues would need to 

be increased, and the ovjective wes set undex felse assump— 

tions. 

Rationalise sub-contract policy? 

No work has been done in this area to date, larsely 

because the prototype cell was planned with a component 

type which is not sub-contracted (i.e. cams). A review 

of the type of components sub-contracted seems to indir 

  

that there is am for a small turning cell, which 

    

in view of the.wide range of parts required, should compete 

profitably with outside suppliers. 

Revised methods as a basis for improved productivity? 

A start has been made with the design of group tooling 

using quick change setting pieces and power clamping. 

The work to date indicates that the revision of methods 

and tooling is not only desirable, but is in fact mandatory 

if the cell system is to achieve the flexibility to cope 

economically with small batches. A considerable amount of 

work is still required in this area, but there is nao doubt 

that the cost could be recovered quickly by productivity 

improvements alone. 
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VI 

vil 

Improve working morale? 

The observations on operator morale at the West Avenue 

plant indicate clearly the great potential for improvement 

of working morale. If other cells only achieve a small 

proportion of the good working spirit of the West Avenue 

plant, the bensfit to Management in terms of labour 

relations and consequently output must be considerable. 

It is hard to guess at a productivity improvement due to 

improved morale, but providing an acceptable productivity 

sharing scheme is negotiated, one would expect a substantial 

inerease in output from the improvement in morale alone, 

bearing in mind the slack piece-times at W.M. 3B. The 

working morale in oll areas is particularly poor at present 

due to the production control problems indicated earlier, 

In this area G.T. should assist greatly to relieve the 

great amount of frustrations currentiy felt in most 

departments. 

Reduce floor-floor times? 

A prediction of a 21% productivity improvement has been 

made. Thi is of course purely an estimate but in the 

  

author's opinion, based on his observations at the West 

Avenue plant, and a review of currently allowed ti 

  

it is likely that this figure can be exceeded in an 

  

environment of high motivation, 
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VIII Form a design retrieval catalogue? 

A design retrieval catalogue has been set up to date but 

has not been used. Further work is required in this 

area. 

mK Ultimately &tuay the total manufacturing/assembly system? 

This is a long term objective and has not yet been 

developed. 

x Develop proper management controls? 

The work started at the West Averme plant in the areas of 

production engineering and production contro] indicates 

that the G.1. project represents a zood ov: 

  

ctunity to 

inmrove the current level of control. The provision of 

  

proper data bases (i.e. plannir 

  

§ date sheet, im 

te 

  

process planning, Cell Order C. 

  

ra) 

   of simple feed-back loops 

  

the control sys 

a simple and effective method of ensuring that accepteble 

methods of manazement control are set uo and eined. 

            

One should note how simple and besie the technique 

There is not necessarily any n 

  

based management information systems to acl 

control of the menufacturings system. The correct 

  manufacturing philosophy coupled with a s   

logical approach to the problem 

improvement. 

The evove notes indicate that in general the objectives of the initial 

  

study are feasible and can be met quite ily.  Onay one objective 

(i.e. weduced progress. effort) cannot be met, but this is offset by the 

Ampro' 

Certain areas (e.g. desion vetrieval) requixe further work, but there 

  ments which can be achieved by meeting the other objettives. 

is no xezson to suscest that imorovements cannot be made. 
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ae Production Control Aspects 

There is no dovbt in the author's mind that in this nroject and 

nrobably in other G.I. projects, the key problem is one of 

administrative control, ‘here are relatively few problems in 

the cell design. The analysis stages are well defined, there 

are a number of publicised techniques available, and a consider— 

able amount of literature can be consulted to obtain detailed 

know-how. Certain aspects of the analysis can be obtained from 

standard production engineering end plant layout text books, and 

once a worker is clear on the issues involved, he should have 

little difficulty in designing a suitable cell system. 

Por the administration systems desion, the situation is not as 

simple. There is very little guidance on the design of, aa 

production control systems for a G.f. analysis. There ere a 

host of references to choose from on general production control 

methods for batch production, mass prod ion or any other kind 

  

of production. Curiously enough, though, the GT. workers 

  

tended to skate 

  

ound this problem in their discussions. 

Connolly discusses production control to some extent in relation 

to the Ferodo project, but the control aspects of this co 

  

ny 

those in a complex multi-product envi 

  

were less demanding t 

     
ment. Burbidge of course gives a good lead by demonstrating ¢ 

period batch control is a pre-requisite of G.T., but he does 

go into problems of capacity balancing and ensuring reasonable 

machine utilisation. In fact, most G2. workers brush the 

problem of line balance aside by referring to the use of floating 

labour to cope with bottlenecks. A fundamental analysis of the 

  

problems involved was made in this report, and they brought up 

important aspects of production control in a G.7. environment, 

which are fundamental and must be considered when designing a 

systen for a GT. plant. 

The theoretical work done for the West Avenue project also 

demonstrates the importance of relative operetion batch times on 

total throughput times. It: has been shown that for a minimum 

throughput time in a high plant and labour utilisation shop, the 

1 operations should be as near 

  

total batch time for indivi 

equal as possible. 
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This is no easy problem where a number of families are 

scheduled, since by the same criterion the cumulative batch 

times for individual operations for each family should be near 

equal, Clearly this is not possible, especially where the 

cell deals with a number of families with different component 

features. This is 4 useful area for further research. 

4 further problem of Gf, which is fundamental and has been 

generally overlooked, is that of excess capacity while the 

cell is started up. Unless the whole plant is converted at 

the same time, the reduced throuzhput time for the cell 

components results in a capacity gap. This problem occurred 

at W.M.B., where only a preportion of ell components were 

included in the cell, whilst the remainder of the plant main- 

tained the functional layout. There was thus some problem in 

defining an adequate cell load over the initial months, since 

a@ considerable proportion of the gross requirements for the 

months hed already been fully or partially produced. This 

problem poses 2 serious threat to the cost advantages of G.?. 

If the system is not planned carefully it is possible to lose 

a major proportion of the potential saving in the form of 

operator idle time, There are three methods of dealing with 

this situation:- 

(4) Increase plant output slishtly and accept inoreased 

labour mobility over the total implementation period 

  

(ii) Cut overtime and x 

  

ek-end working ecross the plant 

(without naming G.T. es the cause ig and again float 

lebour across the ple 

  

4% during the total plant conver- 

sion period. 

(iii) Plan the conversion of the whole or major proportion 

of the plant over a fairly short peri 

  

d, and maintain 

existing stock levels over this period. After the 

whole of substantial conversion, there will be an 

aeross the board excess stock, which can be.disposed - 

of by increased sales or planned expansion without 

capacity increase. 
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4.3. 

No work has been done to determine the financial merit of 

different strategies, and this could be the basis for further 

research, It should be noted however that a problem does 

exist and requires careful thought if the cost benefits of 

reduced stock levels are not to ve lost. This problem does 

particularly refer to mlti-product assembly plants where the 

cell output has to be .combined with parts from the existing 

functional shop for assembly, before the product can be sold. 

Naturally where the cell produces its own saleable product, 

the problem does not exist. The argument presented here also 

indicetes the common fallacy thet buffer stocks mist be set uo 

to tide the plant over the low production period during the 

change-over. 

   Various Aspe of the Project 

ive 

  

In a G.T. project of any reasonable magnitude, it is imne: 

to set out a detailed project plan. The W.M.B. study showed 

clearly thet a G.T. analysis is a fairly complex project with 

many individual project stases. A project plan was found 

useful for the following reasons:— 

  

(4) It ensured that a time-scale could be ¢ 

  

gave an indication to ma ment when 

  

phases would be completed. 

  

   labour could be ined ¢ 

at an early enough date to ens 

   when required. Purthermore, addi nial clerical 

labour was limited and the verious data collection 

stases (ax \ 

had to be pi 

labour at any one time. 

  

ts, times etcetera) 

able level of 
   

  

nes, planning she 

  

ased to maintain an aczep' 

(iii) At times there was Management pressure to reduce the 

support clerical labour. ‘The project plan gave the 

G.T, team the opportmity to demonstrate how this 

  

would increase the project time. rally the 

  

t to just 

  

project plan proved to be 2 useful docu 

the 1 

  

sbour input into the x   
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    A particular problem in specifying the amonnt of data for card punching 

was the correct compromise between cost and usefulness. it will be 

recalled that in this study the number of processes was, for recording 

purposes, reduced to six, namely turning, milling, drilling, surface 

grinding, cylindrical grinding, others. The detailed specification of 

machine tocls was to be done by matching the processes with the Opitz 

code of the parts in the family, and this was moderately successful, 

By mainly relating to the component class and size range in each family, 

a good indication of the machine tools required was obtained, and it was 

possible to specify machine tools for each group of parts. There were 

however short-comings in this method which were overcome by the author's 

Imowledge of the product and the methods employed, as well as by discuss~ 

ions with production engineering staff and foremen. fore important, the 

limited card layout caused a duplication of work. This is easiest 

explained with reference to the cam cell. Considering milling, there 

was a choice of horizontal milling, vertical milling and profile milling, 

generally not interchangeable. Similarly for surface grinding, there was 

a choice of rotary sutface srinding or plein surface grinding (used for 

different operations and from an economic point of view with only limited 

interchanceability), end profile grinding. In doth o it was not     

  

possible to split these processes out by investigation of the Opitz code. 

The Opitz code is, especially for non-rotational parts, not sufficiently 
  

detailed to give a clear relationship between the cede and the fie 

  

  

  

process. As a result it necessary to drew up a separete component/ 

    

machine matrix for the detailed analysis of the cell. It would have 

been more suitable to specify a larger number of processes to get a 

      more detailed split and use a free format recordin 

employed by Hunt (98), to record the date. This would have caused three 

problems:~ 

(4) There would probably not have been enough line space to 

get a fixed format tabulation which is easy to read. 

(41) The programming effort would have been greater. 

(iii) There would have been the need to use more tham one card + 

per part, which would have made machine sorting more 

eleborate, manual sorting mich more difficult and 

processing more error prone. 
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Another possibility would heave been to split the processes over two 

or three cards and obtain a corresponding number of print-outs, each 

one recording all sample components, but only a fixed proportion of 

all the available protesses. Two cards would have allowed the use of 

12 processes on the existing format or probebly 14 processes with a more 

condensed format, For the WM B. project and probably most other cases, 

this would have been sufficient. 

The method indicsted still does not reguire the detailed specification 

of machine tools for individual operations, but specifies processes 

sufficiently closely to allow a confident allocation of machine tools 

by comparing the Opitz lass and size digits with the process in 

question. It would certainly have avoided the necessity for the 

manual writing up of the two component/machine matrixes, 

Beyond the above reservations, it appears that component cless and 

component size are quite adequate to define the specific type and size 

of machine within a defined process. This seems to tie up with 

suggestions in the literature that class, size, material and raw material 

  

are the key features of the code for cell desig. This would 

indicate that, where the cell system of manufacture is the sole GT. 

objective (i.e. total exclusion of design retrieval and variety reduc- 

tion aspects of G.T.), 2 three or four dizit code would be quite ade 

  

especially if specific components (e.g. cams and cylinders at W.M.B.) are 

  

further identified by a special parts code. These observations 

  

indicate why certain workers such as Williamson advocate a very simple 

code. 

   

  

There exists often a problem of lead time which was experienced in ti 

  

project. In order to cut the project lead time, it was decided to sti 

coding all current components before the sample hed been analysed. 

Consequently, certain limitations of the code such es its limited 

identification of features on non-rotational parts were not detected 

until after the total component range had been cod:d with more or less 

the same code as the sample. There is of course no real reason wh; 

the sample code and the total component range code shovld be identical, 

even though this would be useful. As long as there is a facility to 

split the total component range in the same way es the sample, there 

may be wide differences in the two codes. 
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In practical terms this means that it is essential that the sample 

code and total component ranze code have the same class, size, raw 

material and raw material shane digits. All other divtits can be 

modified for the total component range in the light of experience 

gained with the sample. 

This argument does accept that the Opitz code is used as a guide only 

and will not be used as a firm standard. his must be acceptable 

however since the code was based on a specific frequency distribution 

of component features which does not necessarily apply to all 

companies, 

The argument further demands a specific time scale which ensures that 

the sample is coded, analysed and split into families before the total 

component range is coded. Like many other workers, the author éccevted 

  the arswnent that the Onitz code is suitable for most engineering firms. 

This anpears to be an oversimplification and whilst no doubt the Onitz 

code in its unmodified form will be useful in most cases, there is no 

doubt that it can be improved to be more specifically suitable to the 

    

eompany in ouestion. Fig 71 shows the project stages in their critical 

path relationship quoting typical times 2s they would have applied at 

Ye eks, but this 

would have been worthwhile for the improvement in the design/production 

  

i.B. The time scale would have suffered by a few x 

    

code which could have been achieved, 

Six stazes of analysis had been identified in the literature survey, 

namely:= 

1. Identification 

2. Family formation 

3e Celli formation 

4. Inter~cell flow analysis 

5. Tooling analysis 

6. Management services e ; 

These stages had been adhered to very closely throughout the analysis 

apart from some overlep to cut the lead time end the precipitated choise 

of the pilot cell. 
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There can be no doubt that 411 of these stages are required in a G.T.   

study and each stage must be planned carefully, to ensure that its 

specific execution is matched to the plant in question. As the project 

experience with classification and coding indicated, it is easy to 

develop preconceived ideas and consequently produce a less than optimum 

solution. The same experience seems to indicate that beyond the six 

main stages, no standardised approach of analysis can be specified and 

each stage has to be designed within the available range of working 

tools to ensure that the correct analysis for the plant in question is 

chosen. 

4.4. Manasement Supnort 

There can be no doubt that a project of this magnitude can only 

succeed if it has the backing of a senior executive, preferably 

the Managing Director himself, The W.M.B. project demonstrated 

a number of problems which can be met and which, unless the 

project is supported at the hishest level, can sericusly jeopardise 

the project. In fact in a subsidiary company such es W.M.B. the 

project can suffer seriously from decisions beyond the Company 

Board, and some initial "selling" of the concept by the Company 

Board to the Group Board is necessary. 

mb caused 

  

There are always going to be problems at middle m 
    

    

ie O 

  

by the usual resistance to change, but th ome by 

discussion and the firm committment by ton management. More 

difficult is the situation where senior management (ive. Board 

Directors) have certain short term problems and secrifice G7. 

to divert pesos into these problem areas. It was felt by 

the author at W.M.B. that there was a problem of time seale. 

The G.@. project promised certain results, but these had to be 

preceded by close to a year's analysis followed by, say, 1% to 

3 years implementation. In many ways this period was too long. 

It is easy for the Board to lose interest and other sroblens and 

projects compete with G7. for priorities. W.M.B. had certain 

operational problems during the G.‘t. analysis, which could 

ultimately be solved by G.7., but in order to "survive", resources 

had to be channelled into the immediate short-term solutions, and 

be 
  

this detracted at times from the GT. projec 
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There were also problems at W.M.B. resulting from the poor 

economic climate throughout industry. Firstly the West Avenue 

plant, as indicated earlier, required a certain amount of 

capital. This requirement coincided with en economic "squeeze", 

which made capital less available, together with the approach of 

the end of a poor year for the Aylestone Road plant, with 

consequent pressure on overhead costs. Furthermore, with the 

advent of 4 three aay? working week across the country, delivery 

of ordered equipment was prolonged drastically, causing a long 

start-up time of the West Avenue plant. 

The 1974 budget required severe cuts in overhead spending to 

meet profit targets, and there was pressure from the Group 

Board to cut costs at the expense of such long term projects 

as GT. (which incidentally was not the only major project to 

suffer). This latter problem is a common one of course, where 

long term priority is sacrificed for short term gain, and is a 

particularly damaging policy practised in many co 

  
reo
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5.1. 

5.2. 

5.3. 

Sede 

De5e 

5.6. 

-5eTe 

5.8. 

CONCLUSTONS :— 

The objective of this report was to study the possibility 

of applying G.T. at Wildt Mellor Bromley Limited, Aylestone 

Road, Leicester. The study was brought to 2 successful 

termination and the following specific conclusions were drawn:— 

The introduction of G.@. into the Aylestone Road plant of WB 

would be highly beneficiai in terms of financial benefits and 
management control, 

For a plent such es WMB, with its wide variety of parts with low 

average annual usege, G.I. is probably the only acceptable 

manufacturing system. 

GT. would greatly increase management control by providing 

better control of betch sizes and a better match of manufactured 

to assembled quantities. - 

GT. would allow a reduction of batch sizes which would make a 

one-month based period batch control system of production 

  

control workable, 

  

fo be able to @. one month) 

  

se a short manufacturing period 

  

\ 
(a) Load batches in families of similar parts, 

(>) De 

different ¢ 

m group tooling which could accept a number of 

  

onents, 

  

(2) Use group process planning sheets for each family 

    of parts where each yart has the same operation seauence, 

if necessary by the use of dummy operations. 

The G.T, project should have a major impact on Company profit 

is (in 

  

ability (in the area of 5% of turnover) and. stock leve 

  

the area of a illion reduction). 

The objectives of the project were generally met, 

  

Period batch control is an inherently high stock 
     

provide sis for the reduction of betch sizes which allows 

® corresponding reduction in stock levels. 

A period batch control system cannot be used to make exact 

period requirements. The excess allowances for scrap. and 

spares which must be included require a more elaborate control 

mechanism,



5.10. 

5.11. 

612. 

5.13. 

5.14. 

5.15. 

5219 

if high machine utilisation and low labour flexib: 

  

ty are 

required, the control requirements are greatly increased, 

Tm such a case it is desirable to balance the cumulative 

operation times of families to set total operation times 

of similar length. Furthermore it is likely that computer 

assistance is required to cope with the scheduling problem, 

Where lower machine utilisation and labour flexibility are 

acceptable, the schedulinz problems are greatly reduced. 

The Opitz code was suitable for the project but conld have 

been improved by making modifications, 

The distribution of components features and in particular 

the bias tovards rotational parts, claimed by Opitz to be 

normal for the general engineering industry did not apply 

at VMB. 2 

It would apnear to be danzerous to accept Opitz's seneralisa— 

tions relating to components statistics, and tests are 

required to check their validity im eech operation. 

x 

  

It is necessary to ensure that 2 lerze enough wesentative     

8 

  

ple is chosen for this purpose. 

  

The cell system of manufacture appears to greatly improve 

operator morale, 

It is possible to improve morale such that operators work 

towards the company's goals, at times to the detriment of 

L 

The cell members can stretch theircapability in terms of 

  g-stending Trade Union rules. 

technological end organisational ability far beyond that 

expected from them in a functional leyout, 

The increased autonomy and responsibility in a cell system 

increases work satisfaction and morale and provides for a 

level of responsibility which will require a much reduced 

management effort to maintain output and discipline. 
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APPENDIX 

1.2. The Use of the Classification System 

The component drawing must be referred to when a component is to be coded. The niain 

shape, the shape as machined, the initial shape, the material, accuracy and the dimensions 
are coded. If this information is not available from the drawing, then the planning of the work 

must also be taken into consideration. 
Basically, the final shape of the component (the shape of the component after machining and 

before assembly} is comprised in the geometrical code. The initial shape (the shape of the com- 
ponent before machining) is given separately in the supplementary code. The initial shape often 

shows the essential geometrical elements of the final shape and these are then drawn on for 
the description cf the main shape. 

The initial arrangement of a component into one of the component classes depends on the 
dimensional ratios according to the overall shape of the component. The geornetrical overall 
shape of a component is the least circumscribing cylinder or rectangular prism, orientated 
according to the axis of the main shape of the component. 

The overall shape of rotational components, with and without deviations, is given by a 
cylinder with the dimensional ratio of length L to diameter D. 

For rotational components without deviations and rotational! camponents with deviations 

with only one axis of rotation, it is the L/D ratio of the cyiinder whose geometrical axis 

coincides with the rotational axis of the component and that envelopes the finish-machined 

component being coded. 

For rotationa! components with deviations and several axis of rotation, the L/D ratio is that 

of the longest rotational! axis to the largest relevant diameter resulting from the rotation of the 

component. 
Non-rotational components are enclosed in the rectangular prism of least volume, and this 

is described by the lengths of its edges A, 8 and C. In this descriptionA >B >C. 

The individual positions of cade digits are arranged in increasing order of difficulty. If a 

component has several features in a code digit, the position with the greatest dogree of 
difficulty—the position with the highest figure—must always be chosen. 

Several features are assembled in groups within a single code digit and are distinguished by 

being seperated with a thick vertical fine. If a feature is marked with one positional figure from 

one of these groups, the lower positional figures within the group may be. taken to be included 

but not those of another group. sae oe 5 aioe : * “ 
Features that come within the higher concept of a code digit and not separately quoted are 

comprised in position 9 under “Others” (e.g. surfaces curved in space come within the higher 

concept in the fourth digit “surface machining”; since they are not described as a feature they 

are therefore coded in position 9). 5 

1.3. Example of Coding (Rotational Component) 

  

1.4. Example of Coding (Flat Component) 

ional and Non-rotational components: 
ne rotational component rotates during circular shape 

(e.g. on 2 the). The non-rotational component remains s 
during circular shape machining (e.g. copy milling machine and horizontal 
borer, 

    

         
  

 



  

    

  
  

No 

  

Designation 

  

  

      

  

    

          
  

  

        

          
  

   

  

External shape 

The external shape of a rotational component with- 
out deviations is cylindrical, consisting of the 
curved outer surface and plane surfaces. The cylin- 
drical shape must appear in the initial shape. 

Plane surfaces count in the external shape, except 
with unmachined external cylindrical surfaces and 
a machined shape internally. 

Hhape element 

Shape elements are such as by virtue of their shape 
perform a quite definite function and pose definite 
requirements on production (e.g. grooves for V- 
belts and sealing rings, functional tapers and 
threads). 

Relief grooves, oil ways, chamfers and bevels are not 
included under this heading. 

  

“Others” in Position 9 * 

Components that have more than about 10 machined 
diameters distributed along the entire fenath and 
differing in steps are comprised under position 9. 
Chanters, bevels, grooves, etc., are disregarded in 
assessing the diarneter.   



  

  No Yes Pos. Designation 

    O Smooth, no shape elements 
  

  
  

  

  

  

  

Rotational components that have a uniform diameter 
along the entire length. 

Chamfers, grooves, provided that they are not fune- 
tional are disregarded, 

Profiles up ‘to andincluding 1/2" 
width which can be formed in one 
cut with a form tool are ignored 

r step where 
according diameter changes take 
   

    

  

      

  

                

place. 

  

XTXXX 

  
XOXxX 

  
XBXxx 

(oPERATING 
THREAD) 

  

  

    

    

JE MACHINED 

  

    

  

  

          
        

Stepped to one end, no shape elemenis 

Rotational components with 
distributed along the entire le: 
in one direction. 

several diameters 
ngth and increasing 

  

Stepped to one end or smooth, with screw threads 

All threads except those mentioned under operating 
threads, 

  

      

      

  

Coding 
digit 

2 

     



    

No Yes Pos. Designation 

  

  

  

    

X1 Xxx 

  

      

  

  

  

      

Stepped to one end or smooth, with functional 
groove 

Only grooves fulfilling a definite function and 
imposing rather high demands on production; eg. 
grooves for V-belts, labyrinth glands, circlips, ete. 

!n contrast, undercuts for threads, chamfers, etc., do 
not come in this position. 

Grinding relief and oil grooves are 
ignoreiunless rigorous machining 
requirements are called up. 
Any turned groove on the periphery 
or the faces unless faces are - 
internal 

  

Coding 
digit 

  

    

  

  

  

  

  
    

      

  

Stepped to both ends (multiple increases), no shape 
elements 

Rotational components with several diameters dis- 
tributed along the length and alternately increasing 
and decreasing. i 

  

  

        
Stepped to both ends (multiple increases), with screw 
threads 

All threads except those mentioned under operating 
threads,             e



    

Yes Pos. Designation 
Coding 

    

  

  

  

  

  

    

W
u
 

Da
ay
 

  
  

  

  

Ww Smooth or stepped to one end, with functional groove 

Only grooves fulfilling a definite function and impos- 
ing rather high deinands on production; e.g. 
grooves for labyrinth glands, circlips, ete. 

in contrast, undercuts for threads, chamfers, etc., do 
not come in this position. 

on 

  

  

  

        

  
  

  

  

              

  

  

    

Stepped to both ends (multiple increases), no shape 

elements 

The internal shape of a rotational component is 

stepped to both ends if bores of several diameters 
are distributed along the entire length and alter- 

nately increase and decrease in the direction of 
the axis. 

Blind bores on both sides are included under this 
heading. 

A recess in the centre of 
3 . ol       

  ef or relief to aid production 
is not considered, _ 

  

3   
  

  
  

            

Stepped to both ends (multiple increases}, with screw 
threads 

All threads except those mentioned under operating 
threads.    



  

Pos. Designation 

  

  

      

  

  

  

  

External groove and/or slot 

Coding 
digit 

  

  

s 
\ 

    

External spline and/or polygon 

A polygon is defined as a number of curvilinear sur- 
faces related to one another by graduation around 
acircle. 

[Also included are components with 
milled feature related to one anothe: 
by graduations around a circle, 
where these consist of more than 
6 divisions (e. g. ratchet wheel) 
Cylinders dialer ee oe 

   

  

  
  

        

      
External plane surface and/or groove and/or slot, 
spline 

(Combination of any two or more of 
positions 1,2,3 and 4)   

   



    

Pos. 

  

No 
Designation Coding 

succeed Ciyit 

  

Radial hole{s) not related by drilling pattern, no gear 
teeth 

  

      

Holes, axial and/or radial and/or in other directions, 
not related, no gear teeth 

Holes not axial or in more than one 
direction none of which are related 
by drilling pattern. 

  

  

      

on
 

  
Holes, axial and/or radial and/or in other directions, 
related by drilling pattern, no gear teeth 

Holes not axial or in more than 
@ direction. At least two of 

these must be related by a drilling 

    

   

  

relates holes in one plana 
(e.g. axial) or holes by an angle 
between them with the hole centre 
line ine necting in one point on the 
part axis (e.g. radial) 

  

  

  

    
ia  



te 

26 

36 

4 
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66 

Te 
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TABLE I SMALL SAMPLE OPITZ CODE FEATURE DISTRIBUTION 
  

Opitz First Digit Number of Sample 
Class Components we... 

0 4 oo” aha aes 
4 20 el \ 53% 

2 20 21) 

3 2 2 

4 4 } Ge 

6 15 16 } 

1 9 any 41% 
8 16 fons) 

97 100%



TABLE II 
  

Column 

1-5 

6 

7-10 

1 

12 

13 

14 

15 

16-18 

19-20 

21-27 

28-34 

35-41 

42-48 

49-55 

56-62 
63 
64-65 

66-75 

16 

Ge 

78 

19-80 

PUNCHED CARD LAYOUT 

Used for 

Opitz geometry 

4 

Opitz supplementary 

Blank 

Source code 

Blank 

Special parts code 

Blank 

No. per machine 

Blank 

Turning, ie: 

21 - sequence code 

22 - frequency of process 
23-26 -— operation time 
2{ “Blank 

Milling 

Drilling 

Grinding straight 

Grinding circular 

Others 

Additional operations 

Spare 

Part No. 

Blank 

Machine code 

Blank 

Spare



TABLE III (a) FREQUENCY DISTRIBUTION OF COMPONENT FEATURES 
  

Frequency of Occurrence in Sample 

  

  

  

ce Tatue Olesen wuce abas tals aie SU ene Tad 8 
Digit | Subseq. 

Digits 

oO and Digit 98 = 44 Boro, 7:16 - 3 2 - 

3rd Digit 21 129 5 3 5 4 1 - - 

4th Digit 105 5 elma 12 4 43 1 2 

5th Digit 5911 43 1 2-23 12 4 - 

6th Digit 3448 28 13 8 2 27 5 - 

Tth Digit 109 40 A 5 4 = = i = 

8th Digit BY tt 54 182 930 - 1 10 2 

9th Digit 32 61 10 - - 4 - 50 2 

1 and Digit 33 ape ie a2 8. 42 13 i. 2 2 

3rd Digit Yo 14 i 6 - 1 - - 

4th Digit 404 8 31 - 4 4 2 

Sth Digit 103 9 18 2 12 13 5 3 

6th Digit 95 4T 18 3 2 - - - - 

Tth Digit 2" 969, 24 2 1 - - - - 

8th Digit at 2) S12 aged 43 2 1 5 - 

9th Digit 64 98 13, 2 - - ue eS - 

2 2nd Digit 90 29 Ai 19 22 26 3 - 

3rd Digit 161 3 27, 1 8 9 = - 

4th Digit 164 17 44 8 - - - 

5th Digit 151 9 41 Ai ieee: 2 1 - 

6th Digit 498 28 - 2 1 - 1 - 

7th Digit 39 73 49 32 20 10 7 " a 

8th Digit 6 = PETA 36 54 it = 4 i 

9th Digit 47 140 36 i - 2 - 6 1 

3 and Digit 40 3 A 9) 29 3 3 - 2 = 

3rd Digit 3 ade tf 1 2 - wh Ae 6 1 

4th Digit 25 6 - 8 - 14 6 - 2 

5th Digit 22 1 24 8 - - ~ - 

6th Digit 45 26 Toll ome 4 = 5 2 3 

Tth Digit Vim se 1 i - - - - ~ 

8th Digit 12 - 2 2 15 4 15 = = 

9th Digit 5 8 7 - ~ - 1 24  



TABLE III (b) FREQUENCY DISTRIBUTION OF COMPONEND FEATURES 
  

Frequency of Occurrence in Sample 

  

  

oo Value OnE Dip ream Ga) VG ie a emg 
Digit Subseq. 

Digit 

4 2nd Digit 44 2 4 2 1 - 1 vd 5 bee 

3rd Digit 5 To 1 « = 2 6 2 1 

4th Digit 31 1 4 3 1 4 - ~ - 1 

5th Digit 30 1 8 1 2 - - - = 4 

6th Digit 33 5 3 4 = = = a as _ 

Tth Digit 6 249-90 1 4 5 - - - ~ 
Sth Digit 3 - 26 5 6 - 1 1 - ~ 

9th Digit 3 15 a9 1 - - ~ 4 = 7 

6 and Digit S38) Aa Sr 90 TI 6A 8 2 

3rd Digit 424 2 - - i i - 1 - - 

Ath Digit 104 - 1 4131 2 98. eS - - 

:Sth Digit: | 48 63 5 234 78 j meee ~ - 
6th Digit aT 466 166-534 °*. 20 9 1 2 - ~ 

Tth Digit 401 16 8 3 i - - - - ~ 

8th Digit 51 - 117. 13... 168 13590 4 2 3 

gh Dieit =| - 8 182 4 eRe toa Tyee 6, 68 

Yi 2nd Digit 54 16 6 19 14 64 50 39 15 2 

3rd Digit 279 - - - - - - - - - 

4th Digit 63 ~ 4 eG Oe Sar? Ss eas ~ - 

Sth Digit 26 48 2 139 64 - - - - ~ 

6th Digit 9 33 104 63 39 14 10 4 - 3 

Tth Digit 244° 13 «16 2 2 1 ~ - 1 - 

8th Digit cy i 81 35144 - 34 5 5 1 

9th Digit 4 Teme 153 i 2 37 =) 35 6 3) 

8 and Digit 25 2 6a ead 8 4°° 430 OF 48 ~ 4 

3rd Digit 211 13 3 i 1 4 3 - ~ - 

4th Digit 45 ee eee ae oes - - 

5th Digit 34° 38 9 ATS ie > = a = 

6th Digit fe. Ae ST aT 8 4 ~ - ~ 

Tth Digit 130 «64 30 5 5 i j - - 

Sth Digit 65 - 78 a4 50 ~ 26 2 a ss 

9th Digit - 3:0 264 ~ 12 ~ 119 20 44    



TABLE IV PERCENTAGE DISTRIBUTION OF COMPONENT SIZE 
retiree RANGE WITHIN SPECIFIED OPITZ ‘CLASSES 
  

Claes Size Range % of Total Class 

0 D< an 50% (D< 0.8" 21% 
(o.8e <D< a" 29% 

a"g DE¢ qr 17% 

4" e D< 16" 14% 

D >16" 19% 

1 D< an 86% (D< 0,8" 58% 
(0.8"< D¢ 2" 28% 

ane De qn 43% 

4" < D< 16" 1% 

2 D<¢ on 95% (D¢ 0.8" 83% 
i (0.8"< DX 2" 12% 

acne an 4% : 

D 4" 1% 

354 D¢ 2" 16h 

ame Dg an 10% 

PAN < 46" 4h 

D> 16" 40% 

6;1,8 kat 146 * 

6,7 ane Ag 46" 19% * 

8 anc ag 16" 49, * 

6,7,8 A >16" 3% 

* Percentage of total 6,7,& 8



TABLE V 
  

Family 

10 

a 

ia 

13 

14 

AD 

16 

17 

18 

TOTAL 

FAMILY CAPACITY SUMMARY (IFIRST TRIAL RUN) 
  

(HOURS, 

Deseription 

Rot'l 0,1,2 
oOo" — 2" dia. 

Rot'l 0,1 
at — 4" dia. 

Rot'l 0,1 
4" — 16" dia. 

Rot'l 2 
2" — 4" dia. 

Rot'l 2 
4" — 64" dia, 

Rot'l 0 
16" + dia. 

Rot. Dev. 3 
OM = 20 ais. 

Rot. Dev. 4 
o" — 2" dia. 

Rot. Dev. 3 
a" — 4" dia. 

Rot. Dev. 3 
4" = 16" dia. 

Rot. Dev. 3 
16" + dia. 

Rot. Dev. 4 

el tala. 

Non Rot. 6,7,8 
or = qi 

Non Rot. 6,7 
4" — 16" 

Non Rot. 8 
4" — 16" 

Non Rot. 6 
16" + 

Non Rot. 7 
161 r 

Non Rot. 8 
16" + 

PER YEAR) 

Turn 

8,165 

3,767 

4,586 

665 

0 

10, 727 

892 

374 

414 

4,197 

541 

39, 869 

Mill 

2,189 

828 

418 

153 

3,612 

_ 1,067 

153 

223 

35 

1,648 

56 

67,574 

25,876 

4,313 

1,448 

360 

1,202 

VA 135 

Drill 

2,123 

1,426 

5,084, 

292 

5,012 

1,239 

426 

118 

4,641 

14 

28,901 

34,855 

4,175 

2,106 

4, 126 

92, 106 

Surf.Grd. 

4,009 

328 

1,263 

9 

0 

980 

1,265 

of 

3 

31,297 

Cyl. Gra. 

1,927 

1,085 

990 

138 

0 

1,728 

191 

809 

88 

65 

1,047 

Other 

72 

207 

35 

12 

16



TABLE VI 

Family 

a10 

1 

12 

13 

FAMILY CAPACITY SUMMARY (SECOND TRIAL RUN) 
  

(HOURS PER YEAR) 

Description 

Rot. 0,1,2 
ot — 2" dia, 
Rot. 0,1 
an 4 dia. 
Rot. 0,1 
4" — 16" dia. 
Rot. 2 
2" = 4" dia. 

Rot. 0,3 
16" + dia. 

Rot. 3,4 
on — 2" dia. 

Bolt Cams 

Rot. 3,4 
ov — 62" dia, 

Rot. 3 
3" — 10" dia. 

Non Rot. 6,7,8 
on ~ 4" Steel 

Non Rot. 6,7,8 
“oN = Aft Mise. 

14 

15 

16 

1 

18 

19 

20 

22 

23 

Non Rote 6,7,8 
ov — 4" CT. 

Non Rot. 6,7 
4" = 16" 

Non Rot. 8 
4" =~ 16" 

Non Rot. 6 
16" + 

Non Rot. 7 
16" + 

Non Rot. 8 
16" + 

Non Rot. 6,7,8 
Oo" — 2" with 
turning 

Non Rot. 2"—-4" 
with turning 

Non Rot 4". 
with Turning 

Non Rot. 16" + 
with tum     

Turn 

8, 165 

3,767 

4,586 

665 

14,924, 

1,266 

1,047 

445 

3,307 

1,237 

Mill 

2,189 

838 

418 

153 

5,260 

1,063 

158 

278 

35 

555126 

12,240 

21,003 

2,476 

459 

360 

4,202 

676 

Drill 

2,123 

1,426 

5,084 

292 

9,653 

1,345 

20 

23 

118 

22,013 

6,190 

33,094 

3,201 

1,526 

259 

1,320 

623 

332 

2,436 

Surf .Grd 

4,009 

328 

1,263 

1,059 

1,065 

252 

57 

20, 850 

494 

31954 

206 

61 

23 

16 

1,292 

Cyl.Gra 

1,927 

1,085 

990 

138 

4,728 

106 

85 

26 

559 

88 

65 

250 

Other 

72 

207 

35 

42 

16 

42



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

BLE VII RATIONALISATION OF FAMILIES INTO CELL GROUPS 

‘oup Families Description Turn Mill Drill Surf.Gd  Cyl.Gda 

4 i Small Rotational 8,165 2,189 2,123 1,009 1,927 

8 up to & inc. 2" 44266 = 114063 214, 345 1,065 106 

20 Diameter 1,047 _ 616 623 16 250 

TOTAL 10,478 3,928 4,091 2,090 2,283 

2 2 Short Rotational 3,767 828 1,426 328 = 1,085 

21 2" — 4" dia. 445 322 332 0 0 

TOPAL 4,212 1,150 1,758 328 = 1,085 

3 3 Short Rotational 4,586 418 5,084 1,263 990 

4 4" - 16" dia. 455 cr 132 14 T 

22 3,307. 5,913 2,436 1,292 0 

TOTAL 8,348 6,422 7,652 2,569 997 

4: 4 Long Rotational 665 453 292 9 438 
on — 4" dia. 

5 6 Larg@ Rotational 14,924 5,260 9,653 41,0598 1,728 

23 16" dia. + 1,237 988 986 0 0 

~ POTAL 15,161 6,248 10,639 "1,059 1,728 

6 9 4" Cube — Steel 380 29 289 103 

42 55,126 22,013 21,139 1,562 

TOPAL 0 55,506 22,042 24,139 © 1,562 

ae Ae: 4" Cube - O 12,240 6,190 494 0 
Cast Iron 

8 15 16" Cube 21,003 33,094 34954 88 

16 2,476 3,201 206 65 

TOTAL O 23,479 36,295 4,160 153 

9 47 80" Cube ° 459 1,526 691 

18 360 259 93 

19 1,202 1,320 0 

PORAL 0: 2,044 3,105 784 0    



    

BLL “NO:: “1 TABLE VIII (a 

ESCRIPTION::. 
  

mall turned parts, rotational and rotational with deviation up to and 

nceluding 2" diameter. 

Opitz Codes Oxxxx, 1xxxx, 2xxxx, 3xxxx, Axxxx, diameter codes 0 & 1) 

\CHINE TOOL LIST : , een Bo Ra 

  

  

  

  

(PE re QUANTITY AREA RACH TOTAL AREA OPERATORS 
i : (SQ.FT. ) (SQ. Fr.) 

Ee 

erbert No.4 Capstan 3 - 30 90 3 

ard No.7 Capstan 4 70 70 1 

ard Noo3A Capstan 4 30 30 * 4, 

foe 1 Horizontal Mill 4 40 40 4 . 

—Spindle Drill i) 15 me3a0 2 

& S 540 Grinder (Surf. ) 1 30 30° 4 

-& § 1300 Grinder (Cyl.) 4 Ree 350s 35 a : 

002 Horizontal Mill — 1 40 40 Pages 

Se: 

ACHINE AREAS: 365 sq. ft. 5 : | DIRECT LABOUR: 

BRVICE AREAS: 840 sq. ft. ae INDIRECT LABOUR: _ 

THER “AREAS: Ae | STAFF: 

’ : : aE 

OPAL CELL AREA: 1,205 sq. ft. TOTAL LABOUR:   
 



BLL NO :2 
    

ESCRIPTION?: 

  

nort rotational 2" ~ 4" diameter’ 

pits Codes Oxxxx/2xxx, 1xxxx/2xxx) 

\GHINE TOOL LIST 

TABLE VIII (b) 

  

  

  

  

(PE : QUANTITY AREA BACH TOPAL AREA OPERATORS 
“ : (SQ.FT. ) (sq. Fr.) 

turret Lathe Ward No.7 a 70 710 1 

rentre Lathe 1 ~ 440 440 A 

topy Lathe Elliott 1 30 30 

jorizontal Mill No.2 4 40 40 4 

2-Spindle Drill ~ oH 15 15 i 

J & $540 Surf. Grd. i 30 30 

J & § 1300 Cyl. Gra. 4 55 35 35 1 

ee 

ACHINE AREAS: 360 sq. ft. f S DIRECT LABOUR: 

ERVICE AREAS: 828 sq. ft. INDIRECE LABOUR: 

THER AREAS : ; .| STAFF: 

OTAL CELL AREA: 1,188 sq. ft. ORAL LABOUR:   
 



BLL WO: 
  

BSC RP Ti tiOek,.¢ 
  

1ort rotational 4" to 16" diameter | 

jpitz Class Code (first digit) 0,1,3) 

jpitz Diameter Code (sixth digit) 3,4,5) 

\CHINE TOOL LIST 

TABLE VIII (c) 
  

  

  

  

  

(PE QUANTITY AREA EACH TOTAL AREA OPERATORS 
. ; (SQ.FT. ) (sQ. FL.) 

urret Ward NoeT 1 70 10 4 

urret Verb. No.9 3 84. 252 3 

jorizontal Mill No.3 2 65 130 . 2 

iniversal Mill No.2 ql 49 40 : 1 

Spindle Drill - 3 15 45 aS 

adial Drill 1 30 30 1 

| & § 1011 Surf. Grd. 1 s 40 40 1 

yhurchill Cyl. Grd. 1 50 50 ee 

a 

AGHINE AREAS: 657 sq.’ ft. DIRECT ‘LABOUR: 

ERVICE AREAS: 1,511 sae ft. INDIRECT LABOUR: 

HER “AREAS: nt Oo) spares 
. 

OrAL CELL AREA: 2,168 sq. ft. TOTAL LABOUR:   
 



BL LGN On: 4 
  

ESCRIPTION: 
  

ong rotational: copy lathe work — 

ACHINE TOOL LIST 

TABLE VIII (a) 

  

  

  

YPE QUANTITY AREA EACH TOTAL AREA OPERATORS 
* , (SQ.FT. ) (sQ. Fr.) eG 

ae 

Jallicop Copy Lathe 1 30 30 ; “i 

Iniversal Mill No.2 1 40 40 ) : 

2-Spindle Drill 4 15 45 - } - 

es 

AGHINE AREAS: 85 sqe ft. DIRECT LABOUR: 

ce INDIRECT LABOUR: ERVICE ARRAS: 196 sae 

YPHER AREAS 

‘OPAL CELL AREA: 281 sq. ft. 

| STAFF: 

TOTAL LABOUR:  



BLL oN Of: 5 : : ; TABLE VIIT {e) 
  

    

ESC RIP 2-20 N's 
  

rge turned. parts (greater than 16" diameter) 

CHINE TOOL LIST : Oe aig te 

  

  

PE QUANTITY | AREA EACH ‘TOTAL AREA OPERATORS 
: i (SQ.FT. ) (sq. Fr.) ‘ 

pster & Bennett 42 80 960 42 
0% spare capacity) 

  

  

e3 Universal Mill 2 65 130 2 

drotel Mill 4 120 120 1 

‘sonomic Drill 1 | 122 122 j 

dial Drill 5 30 150 5 
3 

+. Surf. Grd. 1 55 55 ; 

urchill Cyl. Grd. © 4 > 400 100 4 

ss Cylinders 

bster & Bennett : Buy 80 240 3 

dial Drill 1 30 30 

270 4 

(CHINE AREAS: 1,367 sa. ft. f DIRECT ‘LABOUR: 

RVICE AREAS: 3,144 sq. ft. INDIRECT LABOUR: 

‘HER (AREAS: ig | STAFF: 

YPAL CELL AREA: 4,411 cae ft. TOPAL LABOUR:    



BL GON Or: 6 2 TABLE VIII (f£) 
  

  

ESCRIPTION: 
  

on-rotational parts falling into a 4" cube: steel only 

\CHING TOOL LIST 

  

  

  

(PE aye QUANTITY AREA EACH TOTAL AREA OPERATORS 
if ; (SQ.FT. ) (sQ. FP.) 

" Cube , ; 

orizontal Mill No.2 2 40 80 eSB 

orizontal Mill No.3 1 65 65 4 

ertical Mill No.2 1 40 40 ; 

Spindle Drill 5 15 fogs: 5 

omb Wil 2 40 80 Te 

&§ 1011 Surf.crd. 25 40 80 : hire 

ot. Surf. Grd. 1 60 60 1 

be 

ACHINE AREAS: 480 sa. ft. _ | DIRECT ‘LABOUR: 

ERVICE AREAS: 1,104 sae ft. : INDIRECT LABOUR: 

THER (AREAS: : * | spar: 
‘ : C 

OPAL CELL AREA: 1,584 sq. ft. TOTAL LABOUR:   
 



BELL NO: 7 om TABLE VIII (g) 
  

ESCRIPTION: 
  

n~rotational cast iron parts falling into a 4" cube 

CHINE TOOL LIST aaa es 

  

  

  

  

Bie Ie 5 QUANTITY AREA EACH TORAL AREA OPERATORS 
‘ ; (sQ.FT.) (sQ. FT.) ‘ 

srizontal Mill No2 6 40. 240 6 

srtical Mill 1 40 40 = 

Spindle Drill 3 15 45 _ 3 

& S 1011 Surf.Grd. 4 40 SE TAO 1 

: 
. 

ACHINE AREAS: 365 pas. Pts DIRECT LABOUR: 

BRVICE AREAS: 840 sq. ft. : INDIRECT LABOUR: 

THER’ AREAS: dares -| STARR: 

OMAL CELL AREA: 1,205 sa. ft. ORAL LABOUR:   
 



EL NO: 8 TABLE VIII (h) 
  

ESCRIPTION: 

  

on-rotational parts falling into a 16" cube but larger than a 4" cube 

  

CHING ‘TOOL LIST Reger oe hare 

  

  

‘PE 3 QUANTITY AREA EACH TOTAL AREA OPERATORS, 

2 ~ ss, (SQ.FT. ) (SQ. FT.) 3 : 

foe3 Horizontal Mill 4 ; 65 260 442% A double 

003 Universal Mill 4 B65 260 Die yee 

adial Drill 2 30 60 “241 1 double shifte’ 

ero NeC. Drill 2 45 90 242 Double shift 

Spindle Drill 7 215 105 7+4 4 double suites 

| & S 1011 Surf.Grd. 4 40 40 : 4 ‘ 

snow Surface Grinder 1 : 60 60 i es 

temarks? 

sell must be split into two or three sub cells to achieve correct cell size 
Se 

  

  

ACHINE AREAS: 875 sq. ft. ~ + .,| DIRECT ‘LABOUR: 

ERVICE AREAS: 2,013 sq. ft. | INDIRECT LABOUR: 

THER’ AREAS: ; ;| STAFF: 

OPAL CELL AREA: 2,888 sa. ft. TOTAL LABOUR:   
 



BLL. N Oi: 9 Hy TABLE VIII (j) | 
  

ESCRIPTION:. ’ ; me 

  

on-rotational parts too large to fit into a 16" cube 

    

CHING TOOL LIST . ae an 

  

  

  

  

PE : QUANTITY AREA EACH ‘TOTAL AREA OPERATORS 
ya sien (SQ.3Ts)) (5Q. FT.) i 

= 

003 Universal Mill. 1 65 65 1 

adial Drill ae Eua0 60 2 

4" Iumsden Grinder. 1 30 30 : as 

‘ 

ae 

ACHINE AREAS: 455 sq. ft. || DIRECT “LABOUR: 

BRVICE AREAS: 357 sq. ft. INDIRECT LABOUR: 

THOR AREAS : : ,|. STAFF: 
/ é 

OPAL CBLL AREA: 512 sqe ft. TORAL LABOUR:   
 



ABLE IX (a) 
  

TABLE OF NET MACHINE TOOL AREAS 

AND GROSS AREA CONVERSION FACTOR 
  

  

  

  

  

  

Net Area Net Area 
ection Machine Type Qty each (sq. Total 

feet) (sq. ft.) 

urning Herbert Noe4 3 30 90 

Herbert No.7 4 70 70 

Ward No.2D 1 20 20 Total Net Area 866 

Ward No.7 3 710 210 Section Area. 3,910 

Mert es? 3 a ee Gross Area Factor 4.52 

Centre Lathe 2 710 140 

Copy Lathe 2 30 60 

Screw cut Lathe 1 24 24 

oring W& B36" & 48" 4 1 847 Total Net Area 1,297 

W& B 60" 5 90 450 Section Area 4,250 

Gross Area Factor 

filling H.Mill Small 10 40 400 

H.Mill Large 10 65° 650 Total Net Area 15910 
V.Mill 14 40 560 Section Area 5,900 

Hydrotel 1 420 120 Gross Area Factor - 3.28 

Profile Mill 6 30 180 

Drilling Radial 8 30 240 

2-Spindle 14 10 140 
4-Spindle B 41 204 Total Net Area 853 

Tero 2 45 90 Section Area 2,810 

Autonomic 41 122 122 Gross Area Factor 3.30 

Others 2 20 40 

Grinding Abwood RSG 4 60 60 

Glauchau RSG 4 55 55 

36" Lumsden 4 110 110 

Snow Small 4 60 60 
ahewiteere 1 140 440 Total Net Area 1,145 

T&S 1011 1 40 280 Section Area 3,030 

i&S 540 2 30 60 Gross Area Factor 2.90 

Heald Int. 4 60 60 

Churchill Int. q 50 50 

J &S 1300 2 3 70 

Rhwenhid) ak > 400 200



TABLE IX (b) TABLE OF NET MACHINE TOOL AREAS 

  

  

  

AND GROSS AREA CONVERSION FACTOR 

Net Area Net Area 
Section Machine Type Qty each (sq. Total 

feet) (sq.ft. ) 

West Avenue 
Plant Cut of f ca 30 60 

RSG 4 80 80 

H.Mill 1 40 440 
VeMill 2 40 80 Total Net Area = 1,005 

Profile Mill 4 30 420 Section Area = 3,730 

J&S$ 1011 2 40 80 Gross Area Factor = 3.71 

3-Sp. Drill ep 45 5 
Swage 2 20 40 

J &S 540 4 30 30 
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TABLE XII FINAL LOAD ANALYSIS AND LABOUR/MACHINE ALLOCATION 

; No. of No. of Utilisation 
h 3 ‘Ss Cell Machine/Process Hrs per Yr ot ators u/es ees 

Cut-off 4,261 A 2 

Material Rotary Surf Gra 2,482 4 1 

Preparation = Horiz. Mill 4,043 2 2 
Roto Barrel - * 1 - - 

Horiz. Mill 10,956 6 6 

Millea Copy Mill 15234 4 4 

Cams Vertical Mill 1,049 with HM. 1 

Drill Ble DORA. 1% C 

Fit & Barrel 1,638 4 4 

Surf. Grind 1,189 ) a a 
Form Grind 2, 356 ; 

Ground Drill 4,148 Z A 

ens Horize Mill 2,355 1 A 
Slot Mill 1,280 4 1 

/ 

f Fit & Barrel 7164 7 1 

Swage | 4,000 2 2 
Drill 4,281 2 & 

Horiz.e Mill 388 He 1 

Cam Machine Polish 133 } 3 4 

Bamshine Fit & Barrel 4,573 ) 1 
Stamp & Demag 2,000 i - 

Surf. Grind**** - - - - = 

Harden **#** - - - - - 

* Floating for all Roto Barrels 

*e Plus one apprentice 

ee Apprentice (same as drilling) 
” 

x#x* Not to be included in cell
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TABLE XIV 
  

INDIRECT PERSONNEL REDUCTIONS 

Indirect Personnel:— 

Toolroom 

Labourers 

Inspectors 

Internal Transport 

Maintenance 

Personnel 

Nurses 

Canteen 

Storemen 

Apprentice Supervisor 

Carpenters & Packers 

Spares Despatch 

Drivers, Transport Mngr 

Time study & Ratefixing 

Production Snginecring 

Production Control 

Progress Chasers 

Time Clerks 

Purchasing 

Security 

Data Processing 

Jig & Tool D.0. 

Spares progress 

Supervision 

Works Management 

(4) 
Current 
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Estimate 
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SYNTHETIC MACHINE fas a MES eres 

    

    

  

  
  

  

            
  

LABOUR MOVEMENT TO ENSURE VI = V2 = V3 = V4 

ee eet Miersae on 
7 \ rae tx - \ = = 

surrontn [ran KEY PLANT ra SUPPORTING PLANT 
vi am v2 | v3 v4 ae -- % } Syec tts Le 

1 \ 1 

‘ i 
we \ Be S \ ae 

NOTE eee eine 
SUPPORTING PLANT WILL \ 

») BE UNDERUTILISED V2 2 V3. THEREFORE NO 
ii) BE WORKED BY A FLEXIBLE LABOUR MOVEMENT AND 

LABOUR FORCE TO ACHIEVE MAXIMUM UTILISATION OF 
MAXIMUM LABOUR UTILISATION PLANT, 
WHILST ENSURING VI > V2. 

Operative manning to achieve high utilization of key machines 

(AFTER CONNOLLY, MIDDLE AND THORNLEY) 
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WILDT MELLOR 
BROMLEY LTD. 

LEICESTER. 

NAME OF PARY 
Bobbin Stand Support Bracket 

PART No. f 

D 7639/16"-22" 

    

MATERIAL 

SPECIFICATION 

DESCRIPTION 

  
  Iron Casting of W.2838D 

LENGTH OF PIECE 

  

  

  

                  

  

ANNED BY | APPROVED BY SHEET DATE OF ISSUE DATE OF ALTERATIONS 

A2G/LID OF 27.2.73 

OP. , No. OPERATION TOOLS AND GAUGES 

Ls Shotblast 

6 Fettle 

  

  
  

  

Fettle suitable for enamel. 

  

    
  

aS Milline (Vertical) : 

Mill face to clean at 3.3/16" dim, 

(Yote: other dim's) 

Mill to 3.002"/3,000" and make 1/16": din, 

i. Drilling 

Drill (1) hole 29/54" dia. Spotface 11/16" dia. 8998 DJ 
Drill (1) hole 19/64" dia. Tap 3/6" whit, tha, 
Drill (1) hole 1/4" dia. Spotface 9/16" dia x 1/32" 3221, GP 
deep. a ; 

Drill (2) holes 3/16" 4 Cfoore 21/54" x 3/16" deep. 3329 oT 
Drill (2) holes No. 23 drill. Tap 2 BA thread. | 
Drill (1) hole No. 42 arili. fap 6 BA 3/16" deen, 

. Degrease 

- Fit Clean 

° 

s 

EX}STING PLANNING SHEET 
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PROGRAM FLOW CHART GT4 

(CELL CAPACITY CALCULATION) 

  

  
DIMENSION ARRAYS 

1S (6), 19(6), 1T (6), AT(6), CYT (6), TIME (6) 
    

& 
SET K=O, CET(I),CYT(I) = 0:0 

& 
READ RTR, SPJ ra 
CQM*= RTR* SPJ 

a 

  

      

  

      

  

      

  

  

    
READ!~ 191,12, 196,17, ISSURC, ISPEC, 

IQTYEA, 6 (ISU), 1Q(1)} ISUPP, 
ADRAW, BDRAW, MACH       

      
   

  

Keike4 

es 
WRITE K 

e 
WRITE HEADINGS 

  

    

    

  

        

  

a 

CYTiI)= 0 

  

  

QTY.= SPJ 
            

      

  

      
  

Satna memes DR 200 

  

TIME (1)= AT(I) #1OTYEA /100.0 

ee 
CYT (I) = CYT) * TIME (I) %& QTYEA 

  

  

  

      

  FIG 39a 

 



PROGRAM FLOW CHART G.T.4 
  

LIS? OF VARIABLES: 

is (2) 

1 (1) 

ra (b) 

At (1) 

(ely (Gm) 

. IME (1) 

RPR 

SPJ 

cpm 

Ip 

1g2 

166 

I¢7 

IspurRc 

ISPEC 

IQTYEA 
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ADRAW 
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MACH 
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Operation sequence number 

No. of operations 

Operations time (1/100 hours) (Integer) 

Operation time (1/100 hours) (Real) 

Cumulative yearly process time (hours) 

Yearly hours per part (hours) 

RTR 

built per year 

Number of machines ( SPs 

( 
( Both combined 

First Opitz Code digit 

‘Second to fifth Opitz Code digit 

Sixth Opitz Code digit 

Seventh to ninth Opitz Code digit 

Supply source (e.g. made~in, purchased etc. ) 

Special parts code 

Quantity used per machine 

Supplementary operations code 

Drawing Number 

Machine Model Code 

Family number 
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