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GROUP TECHNOLOGY APPLICATIONS 

' HIGHER MANUFACTURING PRODUCTIVITY 

by 

Inyong Ha.m 
Professor of Industrial Engineering 

Department of Industrial & Managernent Systems Engincering 
The Pennsylvania State University 

l. INTRODUCTIO:l 

1.1 Basic Concept' 

More and more manufacturing industries involved with small 
lot size and a variety of prorlucts are becoming interested 
in Group Technology, which is particularly applicable in 
the arca of batch-type manufacturing. It has also been 
recognized tha.t Group Technology is an essential element 
of the foundation for the successful development and imple
mentation of computer aided manufacturing {CAM) through 
the application of the part-family concept. 

Group Technology is generally considered to be a manufactur
ing philosophy or concept which identifies and exploits the 
sameness or similarity of parts and operation processes in 
design and manufacture. In batch-type manufacturing, tradi
tionally each part has heen treated as being unique in de
sign, pracess planning, production control, toollng, pro
duction, etc. However, by grouping similar parts into part 
families, based on either their geometrical shapes or 
operatian proccsses, as exhibited in Figure l, and alsQ if 
pQssible forming machine groups or cells which process the 
designated part families, it is possible to reduce costs 
through: more effective design rationalization and design 
data retrieval; fewer stocks and purchases; simplified and 
improved process planning and production control; reduction 
of tooling; and set-up times; semi-flow line production by 
machine groups or cells; less in-process inventory; reduction 
af total throughput time; reduction of NC programming; and 
more efficient utilization of expensive NC machlnes and 
machining centers; et.c. 

(o) 

Fiq. l. 

1 L ) 

Examples of part fami lies: (a) similar in shape 
and geol"let:t·y, and (b) similar in production opera
tion processes. 



1.2 His1..orical Backg¡:-ound: 

The basic concept of Group Technology has been practiced 
f:Jr many years as part of "Good Enqineering Practice" or 
"Sci.entific Managemcnt". For example, a c1assification and 
coding system developed by F. W. Taylor(l) for formation of 
part farnilies was uscd in manufactu1·ing as early as the be
ginning of this century. Through the years many companies 
devised their own c1assification and coding systems and have 
been us1ng them in various areas such as design, mater1a1s, 
tools, etc. There are numerous examples of machine groups or 
cells, group tooling devices, part family groupings and pro
gramminq, etc.,which have been in practice for ~any years 
in various sectors of industry. These practices and appli
cations of Group Tochnology concepts wero, in many cases, 
identified under different names and in various forros of 
engineering, manufacturing and management functions. 

Around the worlcl, Group Technology has been practiced 1n 
various forros and degrees for many years. Many countries 
took an interest in Group Technology in the 1950's and 1960's. 
At that time various classification and coding systems were 
developed, machine cell concepts were practiced, and many 
excellent group tooling practices have been reportad. Until 
recently, Group Technology has not received formal recogni
tion and has not beP.n rigorously practiced as a systematic 
scientific technology. In the recent years, advanced rnanu
facturing industry appears to be undergoing a revolution in 
the area of improving its manufacturing productivity. This 
has led to an intensified effort in integrated computer aided 
manufacturing. These current trends have stimulated a strong 
renewed interest in Group Techno1ogy since it provides the 
essentlal means for higher manufacturing productivity and 
for computer aided manufacluring, e.g. computer aided process 
planninq. 

l.J Nc~]or Application Aren!;: 

One of the most important reasons for increasing manufactur
lng productivity is economic. Manufacturing contributes a 
majar part of the gross national product of modern industrial
ized countries. Yet in spite of that, manufacturing, although 
normally thought of as a highly productiva and afficient 
activity, generally can still be improved signlficantly. This 
lS especially true in a batch-type manufacturlng environment. 
The potan~ial for economic improvement of manufacturing by 
Group Techno1ogy is indeed not only tremendous now, but will 
gro"'" with time. 

Rationa1ization of various engineering acti.vities, such as 
design data retricval, procass selection, process planning, 
ele. can be readily achieved by effective implementation 
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of thc Group Technology concept. It h~s been a recognized 
fact: that, in batch-type manufacturing, majar efforts should 
be made for continuous improvement» in in-p~:occss inventory 
and efficient machine loading in arder to achieve higher 
productivity. Again, Group Technology provides a key element 
toward this effort. 

1.4 Current Trend and Future Prospects: 

For various objectives in achieving higher productivity fro¡r, 
design to manufacture, many manufacturing industries, which 
are prlmarily related to batch-type manufacturing have become 
increasingly interested in Group Technology implementation 
to meet their needs. Many industrial companies have been 
applying Group Technology principies in thcir own way, ulthough 
in sorne cases it was not identificd as Group Technology but 
simply as good engineering prac~ice and effective scientific 
management. Group Technology implcmentation, in many instances, 
has bcen prirnarily limited to cellular manufacturing. How
ever, recenlly more companies are interested in applying Group 
Technology concepts as a part of the total syst:ern of the 
overall company operations through design to manufacture. 

A forecast of the future of production technology advancement, 
carried out by both the University of Michigan (2) and the 
International Institute for Production Engineering Research 
(CIRP) (3), predicted that upproximately 50 to 75% of manufac
turing .imdustry will use Group Technology concepts in the 
period 1980-90. This forecast also predicts that the computer 
automated factory will be a full-blown reality in many in¿us
tries well befare the end of this century. It is evident 
that new technological innovations, such as DNC, CNC, machining 
centers, industrial robots, micro-processors, etc. will lead 
the way toward more automaled computer-integrated manufacturing 
systems involving CAM, and thus assure more integrated appli
cations of Group Technology for optimum manufacturing resulting 
in higher productivity. The effort related to the integrated 
cornpuler aided manufacturing (ICJ\.'1) is a positive approach to 
achieve those objectives. (4) 

1\ Pilrt classificat~on systcm wh~ch is an inLe<Jr..tl part of and 
has been used as an essential tool of Group Technology appli
cations, can also be evolved as a means of describing parts ~n 
a form that can be integrated readily into a computer data 
base structure, which will link design and production. Further
moro, as evolution of ICli.M leads to generative design ;;,nd to 
generative process planning, certain part classification and 
coding systems will become an integral part of the total gen
erative syster:l evolving with ICA.'I. 

Group 1'echnology is a dynamic and evolutionary development 
which continues to expand its influenc~ on manufacturing 
systems. It is evldent that the role of Group Technology will 
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certainly be broadened '"'Íth more innovative advancements in 
theory and applicat<on, not only for improving productivity 1n 
conventional batch-type mnnufacturing systems, but also for 
proper adaptation of CAM system. 

2. PART FAMILY fORMATION ANO MACHJNE GROUPING 

2.1 Methods and Procedure: 

A part farnily may be defined as a group of related parts '-'hich 
have sorne specified sameness and similarities. They may have 
similar geometric shape or they may share similar processing 
requirements as shown in Figure l. Parts may be dissimilar in 
shape but could be grouped as a part family because of sorne 
conmon production operations or vLsa versa. Parts are consid
ered to be similar with respect to próduction operations when 
the same machines and processes are used and the type, sequence 
and tooling requirements are similar. In grouping part families, 
the number of parts and their frcquency of manufacture should 
be taken into consideration. The greater the similarity of 
processing requirements and lot frequency, the more effectivc 
it is to forro the part family for practica! applications of 
the Group Technalogy concept, in forming machine groups or 
cells and in scheduling for optimum sequencing and machine 
loading. 

The grouping of similar parts into part families is the key to 
Group Technology implementation. The problcm which immediately 
presents itself is how are the parts to be efficiently grouped 
into these families? There are three basic methods used to 
form part famil ies: 

(a) /-!anual visual search 
(b) Production flow analysis 
(e) Classification ilnd coding systems 

The first method is obviously very Slmple, bUt limited in its 
effectiveness when dealing with a large nurnher of parts. In 
general, the other two methods are more commonly uscd in form
ing part familics and machine groups or cells. 

2.2 Production Flow Analysis: 

Prodcctlon flow anal;•sis (5) lS a technique to analyze the opera
tion sequence and the routing of the part through the machines 
and "'ork-stations in the plant.'' Parts with common operations 
and routes are grouped and identified as a part family. 
Simllarly, the machines and work-atations used to produce the 
part farnilies can be grouped to forro the machine group or cell. 
An example of forming part families by using this method is 
show" in Figure 2. For successful use of this production flow 
analysis method, it should be assured that a company has a 
reliable data source of rout:e sheets or operation sheets. One 
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of the a<'!vantages of this method is to form part families with 
or without usiny a classification and coding system, sincc it 
forros part f-:~milie,_; 11'-Íng tha dn.ta from operation or route 
shects. There are a number of disadvantages in practice d•.1e 
to its reliance on existing production data and routiny methods. 

{b) Afler grouping 

Fig. 2, Part family and machine grouping 
by production flow analysis. 

2.3 Classification and Coding Systems: 

A classification and codi~g system provides an effcctive means 
for sorting thc coded parts, in forming part families based 
on the specific parameterS''of the systt!m regardless of the 
origin or use of the parts. Especially for CAM applications, 
such a systcm becomes an essential <equirement for effective 
inplementatlon of Group Technology concepts. 



;·:ct;;:;'~:" arranging items into groups accord-
or system whereby like things are bro~ght 

together by virtue of their similarities, and then separated 
by a specific diffcronce. A "code" can be il system of symbols 
used in information processing Ln which numbers or letters or 
a combination of numbers and letters are given a certain meaning. 

Many varieties of classification anrl coding systems are being 
developed and uscd around the world. An example of a ceded 
part using a publicly-available system(6) is shown in Figure J. 
Classification and coding for Group Technology applications is 
a very complex problem, and although many systems have been 
developed and countless efforts hove bcen made to improve them, 
there is as yet, no universally acclaimed system. Since each 
comp3ny h<!.s its own specific needs and conditions, it is 
necessary to search for " suitable system that can be adapled 
to the specific needs and requirements of the company. It is 
essential that an adapted system be usable by all concerned 
departrnents in the company, including design/engineering, 
planning/control, manufacturing/tooling, as well as management. 

For Group Technology applications, a well-designed classifica
tion and coding should be able to group part familias as 
needed, based on specific parameters. An example of such 
part famlly grouping of the parts shown in Figure l(a) (using 
a suitable coding system along with the related data need for 
the coding), is shown in Figure 4. 

2.4 Cell Layout: 

There are in general three basic types of plant layout, namely: 
(a) mass-production flow-line layout, (b) functional layout, 
and (e) group layout. In the practica oí Group Technology, ¿¡ 

group of machines for producing a part family, or more, m<l.y 
be formed such that it can perform all the cperatlons required 
by the family or families of parts. The machines themselves 
are arranged in a scmi-flow-line te minimize transportation 
distances and waiting problems. The result is very similar to 
a modern NC machining center. If conditions W<l.rrant, a 
machining center may be used instead of a group of single 
purpose machines. An example of a group layout of machine 
tools based on th~ Group Technology concept as compured with 
a conventional functional lilyout is shown in f'igure 5. 
This illustrates the features of a group/cell layout. 
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coded example using a classificat~on 
and coding system (refer to Fig. 6-b) 
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Part family grouping using a 
classification and coding system. 
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FU~lCilOIIAL LAYOUT 
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F'ig. S, r·unctional and group/cell layouts. 
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The formation of machina groups or cells to process part 
farr.ilies is relatively easy if a well-designed classification 
and coding system has been introduced. It is also possible 
to form machine groups/cells or part families using the pro
duction flow analysis technique. Here the operation sequence 
and routing of the part through the machines in the plant is 
analyzed using the informatian obtained from the operation or 
routing sheets as illustrated in Figure 2. Each part family 
should have a certain group of operations associated with it. 
This group of apertitions indica tes the type of machines and 
facllities neoded to proccss each pilrt within a family. The 
amount of time needed for each particular operatlon for each 
job in the family of parts can be determined if basic data 
such as lot sizes, set-up times, machining times, etc. is 
<~vailable. These times will be the basis of determining hO'<o" 
much capacity is needed for each machine within the group or 
cell. The formation and grouping of part families permits 
the computation of the machine load in hours for each machine 
in the group cell. 

The formation and grouping of part families perm~ts the compu
ta~ion of the machine load in hours for each mac~ine in the 
group. In the practice of Group Technology, an effort is 
made to maximize the utilization of machines in the group by: 

(a) Extending basic part families by adding parts of a 
similar type or merging two or more sub-families; 

(b) Machining two or more part families on the same machine 
group. 

A simple example of machina 1oading computation for forming 
machine groups/cells for givcn part families is exhibited in 
Tables 1 and 2. 

The machine loading analysis indica tes ·that the >:>art family •1 
needs the total times of 2,783 hours for turning, 1.721 hours 
for millinq, 1,085 hours for drilling and 3 1 367 hours for 
grinding, thus requiring 2 latheS, 1 milling machine, 1 drill 
press and 2 grinding machines respcctively. 

Although the group layout of machines for Group Technology 
applications has many advantageous features, it may also in
volve sorne problems. For examplc, it may be difficult to 
balance the labor and machine utilization. Also, thcre may 
be difficulty in finding suitable supervisory personnel. 
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Table l, Basic data for machine Ioading analysis. 
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Table 2 (b), 
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M<~chine lo<~ding an<~lysis for turning 
operations of part family H (refer to 
Table 1 and Figures 2 <l!ld 5) 

LoL '"'~ ::••<up '1'¡.,. l<.>dn"'"q 
(N l ) (S t J T """ IN, hiN¡) (Mll•(N1 J•(St) 

( .. , J 

m "" • IOlS 
' 

10~~ 

'" " u "" m 

'" " '" '"" U> 

' " • " •• -
'" " " "" "' 
" " • ... '"' 
" " " m "' 
" " '" "' "' 

Total Time .. 2. 7Q3 

Machine loading ana1ysis for milling 
operation (l) of part family U (refer 
to Table 1 and Figures 2 and Sl 

Lot ~uo SHup 'l'i"'~ Nach•n•nq 
(N 1 J (St) Time (lltJxiN¡l (llt)x(N 1 J•I~t-l 11\ l 

a o " ' "' '"" 
'" 

. 
" ' "" m 

'" a • '" '"' 
' a • " " 

'" " • '" " 
" '" 

, 
'"' "' u '" • "' '" , 

'" • '"" "" 
Total Time .. 1,721 

• 
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' "'" "" 
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Machinc loading analysis for drilling 
operation of part family #1 (refer to 
Table 1 and Figures 2 and 5) 

. 

••• ~l<C r;.,cup 1'lme /'lo>~iolnLtHj' 
(N 

1 
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Total Time = 1 '085 

Table Z(d), Machine loading analysis for grLnding 
operation of part family #1 (refer to 
Table 1 and Figures 2 and 5) 

Put '"' Si•e S••lup T1m" M.ochtno,.. 
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' "'" HO "' • '" no o 2106 

' "" '" " ' u ~ '• o "' 
" "" "' '" ' " "" "' 
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u "" "' - - - - -
• OH 121 " • " "' "' • "" "' - - - - -

Total Time = 3,367 
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). CLASSH'ICATION AND CODING SYSTEMS 

3.1 Trpes and Features: 

Although there are many varieties of systems, basic types of 
classification and coding systcms can be put into severa! cate
gories, such as functional or descriptive, qua1itative or 
quantitative criteria, design oriented or production oriented, 
hierarchic or chain-type (discrete) structure, monocodes vs. 
polycodes, separate codes vs. composite codes, long codes vs. 
short codes, etc. However, in most cases each system employs 
combinations of thesc features making it difficult to compare 
the systems strictly from these points of view. Reqardless 
which system is selected, it shou1d be adapted and modified 
to meet the specific needs and requirements of the cornpany. 

There are many types of classification and coding systems for 
general purposes. There are also other systems developed and 
used by many government agencies and professional societies, 
for such areas as librarles, museums, office supplies, 
commodities, insurance, credit cards, etc. However, these 
systems are not necessarily designed for Group Technology np
plications, though many systems have been used for industrial 
applications, It is not surprising to find sorne companies, 
which have been using their own coding systems for other 
purposes for many years, but did not rea1ize the potential 
use of Group Techno1ogy applications. 

There are three basic forms of classification and coding systems 
for the current Group Technology applications; namely: 

(a) Hierarchical structure (monocode) 
(b) Fixed-digit type structure (polycode) 
(el combined structure (multicode) 

A hierarchical codo is constructed as ~ tree diagram where 
each digit amplif~es the information of the previous digit, 
thus making each digit in the coding structure dependent on 
the digit prior to that particular digit. A hierarchical 
coding system provides an extensive analysis of the items 
classified since 1ts code structure is very compnct but can 
contain an enormous amount of inforrnation with a rather llmited 
number of digits. This type of coding system is very effective 
for data retrieval based on geometrical shape, size/dimensions, 
etc. , and has been adapted by design/engineering departments 
for many years. The hierarchical code is sometimes referred to 
as "monocode". (7) 

A fixed-digit type, also called chain type, discrete type, or 
attribute type, has a code structure in which each position 
of a given digit represents independent information and is 
not directly relatad to the informatlon given by other d1gits. 
A fixed-digic type of coding, also called polycode by sorne, (7) 
provides a system which is more adaptable for production 
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oriented applications in classifying machine tools, tooling, 
process operations, etc. To construct a complete fixed digit 
type code structurc, it is nuccssary to specify all items in 
the code. Thereforc, usually this type of _coding system re
quire~ a large number of digits. It is less compact than a 
hierarchical code. In practice, most classification and coding 
systems employ mixed (hybrid) cedes which are combinations of 
both hierarchical (monocodel and fixed digit (polycode) types. 
The basic code structures of two publicly ava1lable classifi
cation and coding systems specifically developed for Group 
Technology applicat1ons in general metal-working discrete parts 
are exhibited in Figure 6 • 

A code is one or more symbols to which an arbitrary assigned 
meaning and/or arrang~ment has been given. When a code is 
deciphered, it communicates specific information or intelligence . 

• 
Coding may he made using: 

(a) Hieroglyphical symhols 

(b) Alpha-numeric and mnemonic 

(1) All numeric 
(2) All alpha 
(3) Alpha-numeric 
( 4) Hexidec imal 

10 values 
20 (except I,O,S,Z,&Q) 
30 (comhined) 
16 (0-9 & A-F) 

One of the important factors in selecting a classiftcation and 
coding system 1s to ma1nta1n a balance between the amount of 
information needed and the number of digit columns required to 
provide this tnform¡¡tion. Each additional column generated 
increases the handling problem. Yüt sufficient numbers of 
digits ~re needed to code all necessary features of the part 
or product. Cl~ssification is really the tool which en~bles 
the handling of vast quantities of data quickly. Thus, thous~nñs 
of drawings and route sheets can be r~pidly retrieved and coro
pared for dc;,ign, tooling, schedl.lling, et.c., throl.lgh effcctive 
use of classification codes. 

A well-designed classification and coding systüm for Grol.lp 
Technology implementation shol.lld müet severa! basic requin•mcnts. 
It can provide many benefits and facilitate Group Technology 
applications in many areas of company operations. The majar 
benefits of a well-designed classification and coding system 
for Group Technology applications can be summari~ed as follows: 

(a) Formation of part families and machine groups (cells). 
(b) Effective ret.rieval of designsjdrawings and process 

plans/routings. 
(el Design rationali~ation and reduction of design costs. 
(d) Standardization of product design. 
(el Secure reliable workpiece statistics. 
(f) Accuratü est.imation of machine tool requirements, 

rationalized machine loading and opt1mized capital 
expenditure. 
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RationaLization of tooling set-up and reduction of 
set-up time and' overall production time. 
Rationalization of tool design and reduction of time 
•1nd cost for tool design 11nd fabrication. 
Standardization of process routings/tooling. 
Rationalization of production planning and scheduling. 
Accurate cost accounting and cost estimation. 
Better utilization of machine tools, workholding de
vices, and manpower. 
Improvement of NC programming, and effective use of 
machine and machining centers. 
Establishment of a master data base. 

It is important to identify the means of improving manufacturing 
productivity where a large variety of parts and small lot sízes 
are characteristic. The cl~ssificatlon and coding systems 
should also be evaluated in relation to what they can contribute 
to the solution of manufacturing and control problems associated 
with job shop operation. 

3.2 Basic Requirements: 

For Group Technology applications, a classification and coding 
system should meet the following basic requirements: 

(a) All embracing: 

A classífication and codíng system must embrace all 
existing items being produced and/or purchased and be 
able to accept new items. 

{b) Mutally exclusive: 

A classJ.fication and coding system r:lUst be mutually 
exclusJ.ve, i.e., include like thíngs while excludJ.ng 
unlike things, using clearly defíned pararneters. 

{e) B~sed on permanent characteristics: 

A classification and coding system must be based upon 
visible attributes or easily confirmed permanent and 
unchang1ng characteristics. 

(d) Specific to user needs: 

A classification and coding system should be dcveloped 
to meet thu needs of the user. 

(e) Adapt~ble to futuro changes: 

A classification and coding system should be adaptable 
to future expansion and technological changes. 

{f) Adaptabla to computer processing: 

A classification and coding system can be functional 
without using a computer. However, it is often 
desirable to operate the systern using a cornputer, and 
so should be adaptable to cornputer processing. 
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(g) Company-wide applic•tions: 

A class~fication and codlng systcm should have appli
cation throughout all departments in the company. 

There are severa! factors to be 
suitablc classification system. 
should be answered are: 

(a) Objective 

considered in selecting 
Sorne typical questions • that 

What is the majar objective {needs) of a classification 
and coding system? 

(b) Scope of application 

How wide is the range of products and 
the part's shape, process operations, 

(e) Costs and Time 

how complex are 
tooling, etc.? 

How much expense will be involved in installation, 
training, and maintenance of the system? 

What are the cost estimates for consultant fees, in-house 
design, training, etc.? 

How long will it take to install and train the needed 
staff? 

How long will it take to reali2e the effects of the 
system in all areas of application, ranging from design 
to production? 

(d) Adaptability to other systems 

Is the system easily adaptable to the computer and 
the data bases being used in the company? 

Can the system be easily integrated to other systems 
such as process planning, NC programming, management 
information systems, etc.? 

(e) Management problems 

Are all management personnel involved in use of the 
system informed and supportive? 

Is there any union problem? 

Can good ~ooperation between the departments involved 
be obtained? 

3.3 Comparative Evaluation: 

Befare selecting a classification and coding syr-tem, a company 
should make a thorough appraisal for Gioup Technology applica
tions in the following four areas: 

(a) Critical examination of the company functions. 

• 
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(b) Dcfining the type or variety of Group Technology appli
cations most suitable. 

(e) Defining the most suitable approach to Croup Technology 
implementation. 

(d) Assessing the costs and potential savings of the pro
posed installation and implementation. 

Since each company has different products, objectives, manu
facturing facilities, needs and conditions, there is no uni
versal system adaptable to all industries. A system should be 
adapted to meet the specific needs of the company. It is highly 
recommended that anyone planning to install a classification 
and coding system for Group Technology applications make a 
thorough comparative evaluation of a variety of the available 
systems befare making a final dccision. 

In arder to make comparative evaluatlons of the various classi
fication and coding systems, somc common basic parameters 
should be established in each specific area of the applications 
through design to manufacture. 

First, a system should meet the needs-of all concerned divisions/ 
dcpartments of the company. Thc specific needs and parameters 
required by each department should be checked for adaptability 
and applicability of the system. In general, most companies in 
the manufacturing industry should check the need for specific 
parameters and data in the following departments: 

Design/Engineering 
Purchasing 
Product Planning & 

Control 
Manufacturing/Production 

Engineering 
Workshop/Plants 
Inventory control 
Sales 
Cost Accounting 
Management Information 
etc. 

vo 

function 
main shape 
shape element 
dimensi.on 
tolerance 
material 
rough shape 
operations 
operation scquences 
machine tool 
workholding devices 
cutting tools 
lot size 
set-up time 
etc. 

Although all departments may use a classification and coding 
system in one way or another, majar users of the system are 
Design/Engineering, Process Planning and Control, and the 
Manufacturíng area. A system should he tested to check whether 
it meets all the nceds and represents the parameters needed 
in each of thase three areas. Sorne representativa parameters 
and data needed by these departmcnt;; are: 

l 
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'" Design/Engineering Area 

rnain shape 
shape element 
material 
rough shape & s~ze 
majar dimens i.ons 
minar dimensions 
tolerances 
functions 
etc. 

'" Manufacturing Area 

majar operation 
minar operation 
majar dimension and 

si..:e ratio 
rough shape and size 
machine too! 
workholding devices 
cutting tools 
lot size 
set-up time 
operation sequence 
accuracy 
special treatments 
assemhly, etc. 

(3) A system should also be evaluated for its applicability 
in various majar production processes such as: 

casting 
fonning 
joining 

machining 
inspection 
assernbly, etc. 

A classification and coding system is essential for full exploita
tion of the benefits of Group Technology. one should understand, 
however, that installation of a classification and coding system 
is just the beginning, simply a prerequisite for Group Technology 
applications. Once a suitable system is installed, design and 
engineering work can then be rationalized and part families 
formed, followed by many Group Technology applications such as 
machina layout grouping, group scheduling, group tooling and 
set-up, inventory and purchasing requirements, etc. 

The introduct1on of a classification and coning system requires 
a great deal of effort and time. It should be anticipated 
that there is l1kely to be sorne resistance to adaptation of 
the system and considerable differcnces in the degree of ac
ceptance betwecn departments. It is cssential to check all 
possible difficultics and potential problems related to Group 
Technology applications in selecting a suitable classification 
and coding system. Problem areas should be resolved prior to 
introduction in arder to maximize benefits. 

4. DESIGN RATIONALIZATION: 

4.1 Dcsign Data Retrieval: 

A classification and coding systcm facilitatcs a part reduction 
and standardization progrdm which can be valu,1hle to both tho 
company and its customers. When a well-designed classificatlon 
and coding system is efficiently implemented 1n the design arca, 
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the system provides a simple, systernatic and efficient rnethod 
for storing information in an organized manner. lt will also 
use a computer data base if needed. The system provides for 
retrieving design data, e.g. dra,.;ings, specifications, geometric 
data, mater1als, etc. Acode makes it possible to recall all 
stored data relative to a specified part family, grouped to
gether based on their designated similarities. The design 
data retrieval system sorted by part family grouping provides 
the following important features which assist significantly 
for design rationalization: 

(l) Purt family grouping for design rationalizat1on 
(2) Retrieval of existing design information for new appli

cations, modifications and references 
(3) Standardization of dcsign features, specifications 

and materials 
(4) Improvement for better design 
(5) Elimination of duplicate designs 
(6) Simplified effective cost estimation 

The retrieval systcm may be processed manually or by cornputer. 
An example of a flow diagram(B) for a design data retrieval 
system using the Group Technology concept is shown in Figure 7. 

A successful clafisification and coding system application in 
design lcads to substantial economic gains. The mosl signifl
cant and immediate savings results from design rationalization 
through effective desigr. data retricval. An industrial 
survey(9) reports that an average design enginecring cost per 
new part is approximately $2,000. Approximately a 15 percent 
reduction of new design activily will take place when a suit
able effective retrieval method is utilized. Therefore, if a 
company releases approximately 2,500 new parts annually, it 
can be estimated that the annual design cost of new parts re
leased is approximately $5,000,000. The savings from an effec
tive retrieval systern would be estimated at $750,000 per annum. 

In many cases, more intangible savings are realized by various 
indirect benefits resulting through design rationalizatior,, 
e.g. dcsign standardization, design improvement, productivity 
improvemcnt in dcsign activity in general, etc. 

4.2 Standardization: 

When all active p.urt,; are clansi.fied and coded using a suitable 
system, it is possible to analyze the part population and the 
frequency of the usages of specific parts in the part family. 
In practicc, parts which belong toa speciflc part family can 
be sorted to identify standard designs which are most fre
qLJent.ly used. lt must be recognized that such standardization 
is only possible when a part family grouping is made to clearly 
identify the standard features. Usually, when parts are 
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dcs¡gned independently at different times without any means of 
grouping into part families, it is difficult to ldentify the 
nature and degree of unnecessary duplications and obvious 
similarities among the parts of the company. Figure 8 shows 
a part family of washers. It immediately becomes obvious to 
recognize the standard parts based on the usage frequency of 
this part family. In many cases, many parts in the part 
family have a very minar variation in size, shape and features. 
In such cases, the part family grouping of a selected part 
assists not only identification of such similarities but also 
prevention of unnecessary variety through effective standardi
zation. Although design personnel are knowledgeable as to 
the desirability of standardization and believe they have 
incorporated standard parts, they are not always aware that 
similar designs exist where standardization can be made. By 
part family groupings and design data retrieval, it is readily 
possible to incorporate a high leve! of standardization. 
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Fig. 8, Standardization of ;>¡,¡rts 
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5. GROUP TOOLING 

5.1 Composite Part: 

The composite part provides an aid for the applications of 
Group Technology concept in the standardization of parts, 
standardization of process planning, machine grouping, design 
of group jigs and fixtures, the planning of group tooling 
set-ups, NC part family programming, etc. Figure 9 illustrates 
a group of parta represented by a composite part which possesses 
all the shape characteristics and processing features of a part 
family which is illustrated in Figure 1-a and Figure 4. If 
procesa planning or tooling is developed for the composite 
part, then any part in the family can be processed wíth the 
samc operations and tooling. 

Fig. 9, Composite part. 

5.2 Group Tooling Design and Set-Up: 

To get the max~mum utilization from toolins set-ups, tooling 
for the operations within a part family should be arrangcd so 
that all the parta, or as many as possible, in a part family 
can be processed with ene group jig or flxture and set-up. 
Group jigs and fixtures are designed to accept every member 
of the part family, with adapters which accommodate sorne minar 
variations of parta. An example of such a group jig for 
drilling a part family is shown in Figure 10. To dril! the 
hales of six (6) different parta in this part family, it 
requires only one group jig and six different auxiliary adapters 
to accommodate sorne mlnor differences in sizes, numbers and 
locations of the hales, and in size and shape of parts. 
Therefore, instead of designing, fabricating, and using six 
individual drlll jigs as is done in a conventional production 
method, only one group jig and six adapters or bushing platea, 
which are essentially inexpensive-, are required. Therefore, 
it becomes evident how much tooling costs can be reduced using 
Group Technology. 



-25- 27 

(a) Part family of round plates. 

(b) Group jig for drilling. 

Fig. 10, Group tooling design for part family. 
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A group tooling set-up c~n also be applied to automatic ma
chines. A set of tools for machining part families can be 
pre-set and given a cede number that corresponds to the part 
family. The result is a situation in which the tooling set
up is simply a matter of selecting and installing the correct 
pre-set tooling and occasionally changing a tool. This re
duces downtime between jobs. 

6. GROUP SCHEOULING 

6.1 Basic Concept: 

A number of disciplined areas of concentration comprise the 
overall role of production scheduling. Line loading and bal
ancing, determination of lead times for purchased items, the 
development of materials requirements planning and optimal 
suquencing of jobs through a f~cility are important aspects 
that must be coordinated in the proper manner. All play an 
important part in developing a manufacturing system that takes 
advantage of every opportunity to optimize efficiency. Optimal 
sequencing of jobs through a facility is probably the highest 
area of efficiency improvement. The group/cell layout and 
part family concepts ideally lend themselves to optimal 
sequencing efforts. 

Production scheduling is greatly simplified by Group Technology. 
The scope of the problem is reduced from that of a large portian 
of the shop to a small group of machines. If the families of 
parts and groups of machines have been formed correctly, each 
job will indica te by its cede number which group of machines 
will be used to process it. Within the group of machines, the 
scheduling problem is again reduced to simply scheduling the 
given jobs through the machines in the cell. Even though a 
machine group/cell is not formed, the production scheduling 
could be very much simplified, by use of part families in as
signing jobs to the various machines in the shop. A cornputer 
program can be utilized to schedule jobs of a part family to 
a corresponding machine group/cell. The jobs can be properly 
sequenced in the farnily and the farnilies properly sequenced 
through the machine group/cell. 

Proper scheduling is an integral part of Group Technology. Good 
scheduling, combined with reduced set-up time and reduced 
transportation, will result in a significant cost reduction. 
The most obvious benefit is reduced total production time. 
With this reduction, production can more closely match demand 
so that inventaries can be reduced and parts be produced on 
schedule. Thus, with more reliable scheduling, sales people 
can guarantee bettcr delivery dates and have assurance af meet
ing them. Lct us call production scheduling associated w~th 
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Proper application of 
tioo scheduling will: 

(a) Reduce set-up times and costs. 
(b) Permit optimal decision of group and job sequences. 
(e) Permit flow-line production. 
(d) Optimize group layout. 
(e) Provide overall economic advantages. 

The inherent nature of the group/cell layout and part family 
grouping lends itself to the sequencing problem. Classifica
tion and ooding systems confine individual parts to part 
families. A plant layout is designed so that each part family 
is a~signed to a specific group/cell. Since subsequent 
required work-stations are directly adjacent to preceding 
operations, transportation time is minimal and can, in all 
practica! tcrms, be considered negl1gible in the sequenc1ng 
problem. The queue, or waiting time for a part to be pro
cessed through a particular work-station, becomes very pre
dictable and control of the manufacturing process is maintained. 
Considering the numerous advantages that the group/cell layout 
provides for optimal sequencing, it seems that the problem 
is sol ved for all intenta and purposes. However, to find an 
optimum operation sequence for a given part family and a machine 
group/cell is not a simple task. All possible combinations of 
operation sequences for n jobs and m machines is (n:)m. Por 
example, if five different jobs are to be processed through 
nine different work stations, then (5:¡9 = 5,160 x tolS different 
sequences are possible, assuming that operations can be per
formed in an arbitrary arder. 

When the work of jobs grouped into part families are processed 
as groups through either machine group/cell or conventional 
layout, it becomes simpler to sol ve the problems for optimum 
operations sequencing and machine loading compared to a general 
job-shop condition. When a part family is assigned to a given 
machine group/cell, the scope of the problem is reduced to (n!) 
possible alternative sequencing. However, there still remains 
the extremely complex problem of resolving just how to schedule 
these jobs, since they are assigned to a particular machine 
group/cell for processing. 

Machine loading and the product-mix decision are majar problema 
in the field of production planning. An analysis for machine 
loading to optimally select parts to be manufactured in a given 
amount of time available by a given production facility under 
Group Technology environmont is also very essential in production 
scheduling, and becomes simpler in comparison to the problema 
involved with a general job-shop condition. Many mathematical 
models and practical algorithms have been developed to handle 
idealized problems in the area oí optimal sequenc1ng and 
machine loading. These models are primarily addressed to 
general job-shop problems, and not to the sequencing and load
ing problems from the standpoint of Group Technology. 
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Group scheduling has sorne specific features that differ from 
conventional scheduling problems which are as follows: 

(1) Optimi;>:ation for group and job sequence and machine 
loading 

(:2) possibility of flow-shop pattern 
(3) Reduction of set-up times and cost 
(4) Economic savings 

6.:2 Alqorithms for Group Scheduling: 

6.2.1 Optimal Sequencing for a Single Part Family: 

Group scheduling can be analy~ed in a multi-stage manufacturing 
syste~. In the case of manufacturing multiple parts (jobs) 
grouped into several part families, both optimal group and 
optimal job sequences can be determined such that the total 
flow time (makespan) is minimized, by means of various methcds, 
e.g. branch-and-bound method, a heuristic method, etc. 

To explain the optimum sequencing methods for group scheduling, 
a simple example is demonstrated using a heuristic algorithm 
developed by Petrov{lO) and modified by Ham(ll). Let us assurne 
that the basic data given in Table 3 are to be used to find 
the optimum job sequence processing through four machines for 
a single part family group to minimize the total throughput 
time. 

Table 3, Basic data for group scheduling 
of a single part family. 

~' 
~achines (hours) 

M1 
1 "' 1 

M3 
1 "• ----

1 ' J1 17 13 1 " 1 10 

' 
J2 8 16 

1 
21 

1 
7 

J3 16 
1 

14 
1 

15 
1 • 

Using the heuristic algorithm, it can be easily found that the 
optimum job sequence is J¡-J1-JI. The total throughput times 
for all possible combinat cns o this group is as follows: 

Jl-J:2-J3 ..... 95 hours 

Jl-JJ-J:2 ..... " hours 

J:2-Jl-J3 ..... 74 hours 

J:2-J3-Jl ..... 79 hours 

J3-Jl-J:2 ..... 89 hours 

3 3-J¿-Jl ..... 91 hours 

1 

' 
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It is obvious that the optim~ job sequence {J2-J1-J } results 
in the shortest total throughput time compared to ot~er possible 
sequences. The difference betwaen the longest total time and 
the shortest time is 17 hours. The Gantt chart showing the 
optimum job sequencing is exhibited in Figure 11, which indi
cates the total throughput time is 74 hours. 

-----·-· -----·-·- ·-
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Gantt chart for optimum job ~equence ofeJ2-J
1
-J 

with uni-directional success1ve sequenc1ng 3 
method. 
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However, the above sequencing method is based on the so-called 
uni-directional, successive sequencing method that a part 
family is processed as a group and transferred from one work
station to another as a batch. However, when a part family 
is processed through a designated machine group/cell where 
parts can be transferred from ene work station to another 
as a part is completed, i.e. unidirectional parallel sequenc
ing method, the total throughput time can be further reduced 
to 53 hours as indicated in Figure 12. 

M 
' 

1 Jn .. l., . 1 d L !, . .l. " 1, J.) ...... ! ........ ' " .. 
' " " " " " .. " .. •• " " 

,, 1 ' 1 J,j, t. l. ' 1 'J.\1. .. 1 t"!, .:/JI. .ti, .• , ...... ' ..... 
' " " .. .. .. .. " .. " .. " 

' ' ' !,,;, J¿ •• ' ~,)., ;!¡l .. , L .... ~.; ' 1 ' 1 ' .!. 

' " " .. .. " " " " " " " 

M 
' ' " • 1 .... [,J,;.! .• 1 l. 1 ' ' "1· 

(,, 
1 ' .! . 0 .. . 1. 

' " " ... .. " .. " " " " " Time, Hours 

Fig. 12, Gantt chart for optirnum job sequence of 
J2-J¡-J3 with uni-directional, parallel 
sequencing rnethod. 

ln comparison to the other sequencing methods, this parallel 
sequencing method provides 21 hours reduction when compared 
to the optimum sequencing by successive sequencing, and 38 
hours reduction when compared to the longest possible 
sequencing time. 

This simple example illustrates that group scheduling is 
more effective and results in minimum total throughput time. 
This example also demonstrates that a machine group/cell 
provides tor further reduct~on in the total throughput time 
by making parallel sequencing possible. 

Related algorithms of this heuristic method are available 
for solving the problems for non-uniform, non-unidirectional 
scheduling where operations or work stations required for the 
selected part families are neither uniform nor the same 
arder. The operations required for parts rnay be in different 
arder, i.e., back and forth. In most cases, a real shop con
dition presents usually non-uniform and non-unidirectional 
problems. 

' 

• 



-31-

6.2.2 Optimal Sequencing for a Set of Part Families: 

Optimization analysis of Group Scheduling for multi-product 
and multi-stage manufacturing systems with more than ene part 
family(l2) is dernonstrated with the basic data given in 
Table 4 and using both "branch and bound" method and the same 
heuristic method used in 6.2.1. 

Table 4, Basic data for group scheduing in multi-product 
and multi-stage manufacturing system. 

GCC>Up '• '• ,, 
·~ - 1 'u ,, - 'n 'u 'u - 'n 'u ,, 
Ut-up/ ., Proceuinq ., 'u ,, '• '" '" 

,, 'n ,, ,, 
Tille ( h••rí .., ' ' ' ' ' • ' ' ' ' ' ., ' ' ' • ' ' • ' ' • ' . , • ' • • ' • ' ' ' • ' 
Du•·D•U - 'u ,, - 'n ,, ,, - .,. ,, ,, .. " " " 00 u " " 

The branch and bound method is based on the principie that the 
set of all possible schedules, partial and complete, can be 
represented by a tree structure with a root, branches and nodes. 
For modelling group scheduling for multi-product, multi-stage 
manufacturing systems, the following branching and bounding 
procedures are considered: 

(l) Branching Procedure: 

Group node (Nrl is a node at which r groups are chosen 
from among m groups and scquenced: Nr= G<l>• G<2>, , .. ,G<r> 

Job no~:e (Nrsl is a node at which s job!< at Nr are chosen 
from among nr jobs belonging te G<r>and sequenced: 

Nrs= J<r><l>' J<r><2>' ···' J<r><s> · 

(2) Bounding Procedure: 

The lower bound (LB) of the total flow time at Nrs is esti
mated as follcws: 

LB(Nrsl = nl<lJ< 
l<k<K 

k' kft 
where FN and FN are total processing times fcr grcups 

rs rs 
and jobs which are already sequenced and not yet sequenced, 
respectively, and k is number of machines. 
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The solution of this problem (Table 4) by branch and bound 
method is exhibited in Figure lJ and also in Table S. 

' . 
' 

' 

' 

' 
' 

' 
' 

' 
' 
' 

Fig. 13, Solution for optimum group and job sequences 
by branch-and-bound method (* mark indicates 
the optimal group sequence and ** mark indi
cates the optimal job sequences in each group). 

Table S, Optimal solution for minimizing the total 
throughput time (refer to Table 4, and 
Figure 13). 

Group Sequencc G2 Gl GJ 

Job Sequence J22-J2J-J2l J 12-J 11 J31-J32-J33 
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Thc optimizing algortihms for determining optimal group and 
job sequences to minimiza the total tardiness are also avail
able. The solution for optirnum group and job sequences for 
minimizing the total tardiness is shown in Table 6. 

Table 6, Optirnal solution for minimizing the total 
Tardiness (refer to Table 4 and Figure 13). 

Group Sequence e, e, el 

Job Sequence J3l-J32-J33 J21-J22-J23 Jll-Jl2 

The heuristic method for group scheduling, which is used for 
optirnum sequencing for a single part family (see 6.2.2), can 
also be applied for a multi-products, multi-stage manufacturing 
problem. For this example (Table 4), thc solutions for optimal 
group and job sequences are the same as the solutions by branch
and-bound method. Although it provides only near optimum solu
tions, the algorithm for this heuristic method is far simpler 
and easier to compute, compared to other similar heuristic 
algorithms and certainly Ln comparison to the branch and bound 
method. 

6.2.3 Machine Loading Analysis: 

Analysis for machine loading for group scheduling is a complex 
problcm and it is not simple to develop an adequate algorithm 
for practica! applications. Howevcr, sorne mathematical models 
for the machine loading and product-mix analysis problems (13) 
are available. An example of such model is given to demonstrate 
the machine loading analysis for group scheduling. The approach 
of this model is to maximiza the total amount of parts to be 
produced in a limited time available, d. Hence, the objective 
function is to maximiza: 

M N. 

Z = E E
1 

liJ XiJ. 
¡ .. ¡ j=l 

with the following constr~int: 
M N¡ 
E ( E P .. X .. + S.X.) < d 

i=l j .. l l) lJ l l 

where: 

d allowed time capacity (m in) 

lij: loé si:o:e fo< J ij (pes) 

M number of groups 

Ni number of jobs in e. 
' 
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Pij: total job production time for Jij (min/lot) 

group setup tLme for G1 _ (min/groupJ 

N 
o, if ,. x. • o 

j=l 
,, 

x, = N. 
1, if ,. X > 1 

j=l 
,, 

Using the algorithm (14), a numerical example for determining 
the optimal parts to be made as well as optimal machining 
speeds to be utilized for producing the parts are presented 
in Tables 7 and 8. 

Table 7, Basic data for machine loading analysis (1) 

GROUP PART 

2 2 

• 

LOT 
SIZE. SE1'UP 

' 

Table 8, Optimal solution for machine loading (1) 

' < 

• 

• 

• 

• 

• 

•· 
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6.3 Integrated Applications with MRP: 

The typical multl-stage manufacturlng operatlon wlth multlple 
products presents a problem for which it has been found dÍffí
cult to find means for effective production control. Such a 
problem ls typically characterized by: 

(al Vast numbers of individual components 
(b) A high variabillty between parts in terms of part 

geometry 
(e) A high variability between parts 1n terms of manufac

turing operations, and their sequence 
(d) Variability in the demand for the final assembled 

product as both a function of the final product and 
time 

To provide a viable system for productlon control, such a · 
system must answer the following questions: 

(a) What specific parts should be produced during a g~ven 
period? 

(b) How many of these parts should we produce during that 
perlad? 

{e) What ls the specific tlme-llne (or schedule) for pro
ductlon within each period? 

(d) Are there any "similar" parta that may be produced at 
the same time so as to provide for more economic lot 
sizes and also decrease the total amount of set-up 
time required? 

Group Technology takes all of the component parts and attempts 
to classify them into a workable set of part families and/or 
assign them to machine groups/cells. Ideally, each part 
family has enough inter-part similarity that the individual 
parts may be processed via a particular subset of the total 
production processes. 

Material Requlrements Planning [MRP) is yet another tool for 
the alleviatlon of problema withln the multistage, multiproduct 
plant. In its simplest form, MRP reduces each final product 
lnto its elementary parts and, using a forecast of the require
ments for the final product, assigns the required quantities 
of each elementary part to a specific time period. 

When introduced separately, both Group Technology and MRP are 
subject to several lnherent limitations. The group scheduling 
algorithms, for example, do not consider the very practica!, 
and important time-phase aspects of part production. nor the 
machine capacity limitations of the machine groups/cells 
assigned to each part family. That is, a typical group schedul
ing algorithm assumes that all parts (for the job under con
sideration) are available at the beginning of the time period. 
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MRP, whilc considering the time-phase aspccts of the problem, 
simply assigns various quantities of parts to specific time 
periods without consideration of either the schedule necessary 
within that period or the advantages of processing by part 
family groupings, 

It should be obvious, however, that MRP develops the set of 
data necessary for a group scheduling algorithm that does 
consider the time-phase aspects of the problem. Consequently, 
by suitably combining group scheduling and MRP, it is possible 
to ccnstruct an integrated system that possesscs the advantages 
of both concepts while alleviating their individual limitations. 
Such a system then can answer the set of questions listed earlier 
and thus provide a viable means for effective production control. 

A procedure for integrated applications of group scheduling and 
MRP may be broken down into a series of steps as listed below: 

Step 1: Gather the data normally required of both the Group 
Technology and MRP ccncepts (i.e., parts and their 
description, machine capabilities, a breakdown of 
each final product into its individual components, 
a forecast of final product demand, and so forth). 

Step 2: Use Group Technology so asto determine part 
families. Oesignate each family as Gi (i,.l,2, •.. ,m). 

Step 3: Use MRP te assign each component part toa specific 
time period. 

Step 4: Arrange the component part/time period assignments 
of Step 3 according to the part family groups of 
step 2. 

Step 5: Use a suitable group scheduling algorithm to deter
mine the optimal schedule for all those parts, 
within a given group, for each time period. 

A simplified illustration (15) to explain the procedura is 
given in Tables 9, lO and 11. Let us assume that five part.s 
are being produccd within a jobshop. 7hese parts, designatcd 
as A, B, C, D, and E respectively, are used to form certain 
final products and it would be impracticnl to further subdivide 
them. Using Group Technology, we are able to divide the five 
parts into two part families, designated simply as G1 and G

2
. 

Also, a specific part code number is assigned to eac~ part 
using a classification and coding system. 

The number of units required for each part, for a certain month, 
have been determined to be: A3 60, B~6o, c~60, 0=30 and E=SO. 
This inforrnation has been sununarized in Table 9. However, if 
a group scheduli-ng algoríthm alone is used on the data given 
~n Table 9, such a schedule could well violate specific due 
uatc constraints. For example, one might schedule 60 units 
of partA for production in week 4, whereas it may be that 15 

·of these are actually needed in week l. 
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Using MRP, the precise number of each part on a short term 
(e.g., weekly) basis, may be determinad. Table 10 illustrates 
such an MRP output for this example. This table gives the 
number of units of each part as needed in each week of the 
month under consideration, but does nothing to answer the 
question as to what is the optimal &chedule within each week. 

Thus, to take full advantage of the integrated Group Technology/ 
MRP system, Tables 9 and 10 are combined into the integrated 
form of Table 11. Next, by applying an appropriate scheduling 
algorithm to those sets of parts within a comrnon group and 
week, we may obtain an optimal schedule for each week of the 
entire month, and one that does take advantage of the Group 
Technology induced flowshop as well as the MRP derived due 
date considerations. 

Table 9, Part family examples. 

1 

Part Codo 
1 

1 
Units l<cquired 

Group Number P<~rt Namc 1 Dur ing Month 
• • 

1 6:!12-023 A 60 

G1 
l 6212-015 B 60 • 
1 6212-083 D JO 

' 
G2 1 5333-125 G 60 

¡ 5333-186 E 50 

Tab1e 10 Week1y part aasignments by MRP • 
' 1 Planncd 

Part Order Relaase 

1 Part Name -------· 
Code No. 

1 

Week 

1 2 3 • 
6212-023 A JO 30 o o 
6212-015 B 15 15 lS lS 
5333-123 G 20 20 lO lO 
6212-083 D lO lO S S 
5333-186 E ls lS lO lO 

Table 11, Combined GT/MRP data. 

Planned 
Order Relc<~se 

Part Par t. 
Group Coda No. N ame Week 

l 2 3 • 
! 6Zl2-023 A JO JO o o 

Gl 
1 

6212-015 B lS 15 lS 15 
6212-083 D lO lO S S 1 ' 

G2 1 5333-125 G 20 20 lO lO 
! 5333-186 E lS 15 lO lO 
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7. COMPUTER AIDED MANUFACTURING ANO GROUP TECHNOLOGY 

7.1 Computer Aided Manufacturing: 

Development and implementation of computer aided manufacturing 
{CAM) in the manufacturing industry lead to more integrated 
applications of Group Technology for higher productivity, It 
has been recognized that Group Technology is an essential 
element of the foundation of successtul development and imple
mentation of CAM, through applications of the part-family con
cept based on geometrical and processing similarities between 
parta. This approach creates a compatible, economic basis for 
evolution of computer automation in batch type manufacturing, 
through increased use of hierarchical computer control and 
multi-station NC manufacturing systems. 

A part classification system which is an integral part of, and 
has been used as an essential tool of, Group Technology appli
cations can also be evolved as a means of describing parta in 
a form that can be integrated readily into a computer data 
base structure; which links design and production. These data 
bases should be developed so that they correspond to groupings 
of tooling set-ups, machines or machine stations using Group 
Technology concepts, and also to provide a basis for computer 
automated process planning. Also an evolution of CAM leads 
to generative design and to generative procesa planning, part 
classification and coding systems will become an integral 
part of the total generative system evolving with CAM. 

An approach for integrated computer aided manufacturing (ICAM) 
emphasizes the need of Group Technology implementation for 
its successful realization, as shown in Figure 14. (16) 

As future development of CAM oriented manufacturing technology 
progresses, more generative and evolutionary systems of Group 
Technology should be studied and implemented in all areas of 
manufacturing, e.g., design, planning, control, scheduling, 
inventory, tooling, production, testing, assembly, etc. The 
ultimate successful implementation of CAM is certainly based 
on the balanced development of hardware and software for Group 
Technology implementation which provides the essential basis 
for the further development of CAM technology. 

Group Technology is a dynamic and revolutionary development 
which continues to expand its influence on m~nufacturíng 
systems. It is evident that the role of Group Technology 
certainly is broadened with more innnovative advancements in 
theory and applícation, not only for improving productivity 
in conventional batch-type manufacturing systems. but also for 
proper adaptation of CAM systems. 
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INTEGRATED 

COMPUTER AIDED MANUFACTURING 
(ICAM) 

MNUFACTURING 
CONTROL .,, 

EXTF.RNAL 
FUNCT!ONS 

DESIGN 

GROUP 
TECHtiOLOíiY 

PLAri
N\NG 

QUALITY ASSURAtiCE 

ASSEMBLY 

Fig. 14, rntegrated computer aided manufacturing 
(ICAM) and Group Technology (16). 

7.2 Computer Aided Process Planning: 

For successfu1 implementation of CAM systems, one of the essen
tial requirements is computer aided procesa p1anning. The use 
ot automated procesa p1anning techniques, as a basis for a 
rational and logical approach to the design of camponents for 
manufacture in the most economic manner, is a key to achieving 
optimum manufacturing productivity in CAM systems. An 
essentia1 requirement is to ·'develop a framework of decision
making based on a number of algorithms or logic flow diagrams 
at each particular decision-making stage; and in particular 
to develop procedures for the retrieval of information on 
part design specifications, tooling requirements, machLning 
conditions and capabilities, and other pertinent data stored 
in computer data banks. 
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Computer aided procesa planning can be made either by the 
retrieval of available data or the generative procesa. Most 
of the current process plarining systems employ the retrieval 
techaique which is based on part families and given data bases 
of standard tooling and processes. The generative technique 
creates a new unique procesa plan for a particular part. Efforts 
have been made to develop a generative type process planning 
by various interest groups. 

It has been recognized that Group Technology is an essential 
element for successful execution of computer automated process 
planning. As indicated in the flow diagram (Figure 15) proposed 
by the CAM-I (Computer Aided Manufacturing- International), (17) 
the logical approach to successtul automated process planning 
is a system based on the part family concept. The development 
of part families, using suitable classification and coding 
systems will make it possible to develop standards of shape 
and process within the part families. Thus it is possible for 
the initiation of automatically generated procesa planning, 

FLOW DIAGRAM 

f- PART_. 
FAM!LY SfAr10AHO OPfOAT!ON 1 
MATR!lC SWUENCE Pl IIN 1 

fll{ Fll E FIL( l 

'sf"AÑ/oAnil 
__ T ___ 

PAAT IIEAOER 
SEOUENCE OPEAATION 1 

fA.IIUL V DATA· REJRIFV[f PLAN l 
SEARCII INPUT EDil RHR!EVf/EOIT 

'---- . 
Ef'"= SlfiCATID' 

cooe 

PRilCESS --?1 
,AilC<SS ~ PLAI> r- PROtm t-· 

PlAI'I fORMATTER PLAI> -
STOH -

Fig. 15, Flow diagram for computer aided process 
planning (CAPP) proposed by CAM-l (17). 
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7.3 NC-GT Programming: 

Group Technology can make economically feasible the use of 
sophisticated automatic equipment such as NC machines and/or 
special tooling which may have been too costly for batch 
type production. The advantages of NC type automatic equip
ment are usually outweighed by the problems and costs of 
production planning and tooling, low utilization. long set-up 
times, etc. With proper Group Technology applications, these 
problems can be reduced to such an extent that it becomes 
advantageous to use NC equipment which otherwise might be 
uneconomical. This is particularly true of current sophisti
cated, expensive machining center type NC machines. NC machine 
tool costs can also be reduced by selecting smaller and/or 
less flexible NC machines through Group Technology applications 
by proper machine grouping and efficient machine loading. 

Many advantages claimed for NC machine tools are also of 
greater importance in a Group Technology environment. While 
numerical control of machine tools offers the ability to 
machine small batches of components economically by reducing 
set-up time, Group Technology offers the same. In many cases, 
NC and Group Technology will not only be mutually viable, but 
together they can be self-improving and self-sustaining. 
Therefore, comhined utilization of special features of NC and 
Group Technology make it possible to realize maximum benefits 
of both. 

One of the important applications of Group Technology is a 
software development of NC machining called "Part-family 
Programming"'. Part-family programming is a NC program system 
that groups common or similar program elements into a single, 
master computer program. The master computer program, or 
preprocessor, is a permanent base Trom which a NC tape can be 
prepared, for any part in the part family. Therefore, part
family programming increases the production of costly NC 
operations by saving programming time, manpower, and tape 
prove-out time. It also reduces lead time, tool inventory, 
simplifies maintenance and requires fewer computer reruns. 

Part family programming (lB) slashes one of the big cost 
elements in NC operations. One master program for a part 
family stored in the computer, plus a small amount of variable 
input, delivers a tape for any part in the family. Sorne of 
the typical advantages and disadvantages of part-family pro
gramming are as follows: 
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Advantages: 

Higher NC productivity 
Mínimum-error first tapes 
Less risk of machine collision 
Minimurn program debugging 
Higher operator productivity 
Fewer computer reruns 
same-day new tapes 
Low risk of first-part scrap 
Programmer manpower savings 
Clerk-level part prograrnming 
Standardized cutting tools 
Standardized job processing 
~Wholesale~ optimization 
Uni~orrn documentation 
"Wholesale" program maintenance 
Aid to design standardization 
Transferable program logic 

Disadvantages: 

Higher initial investment 
More complex program 1ogic 
More software storage 
Longer computer run 

7,4 Machining Centers and Multistation Manufacturing systems: 

NC machining centers, by virtue of their characteristics, are 
capable of doing the work of several conventional machine toots. 
They consolidate a number of set-Ups into one, thus having an 
effect of group layout (cellular layout) of machines. There
fore, rnachining centers can be considered as machine groups 
or cells, with the capability of reduclng 1ead t1me and 1n
process inventory. Such machining centers are expensive. 
Their use should be optimized through Group Technology. 

Where the installation of a machining center is being considerad, 
the maximum benefits wi11 be obtained by paying attention to 
the whole machining complex, which supports and loads the 
machining center. In other words, NC machining center wil1 
generally be operated efficiently under a Group Technology 
environment. 

With Group Technology applications in the layout and organiza
tion of a factory, its manpower and equipment on a part-family 
basis rYther than a functional basis, a successful CAM program 
can be achieved. Evolution of CNC and DNC is also related to 
Group Technology through the computer hierarchy. As CNC type 
mini-computer control of the individual machines in a Group 
Technology cell is brought together, in due time it will pro
vide a more economic basis for overall DNC of the cell. 
Eventually, it wil1 become profitablo to link all the cells in 
the factory with a 1arge computer, providing an initia1 basis 
for overall on-line optimization and automation of the factory. 
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• One of the future trends of CAM is "Multi-station Manufacturing 
Systems", which also involves evolution of the Group Technology 
cells. As the number of NC work-stations under CNC/DNC in a 
cell increases, more economic operations become possible 
through complete automation and integration of tool and work 
handling and transfer within the cell. 

The final step in the evolution of CAM is, of course, the 
computer-integrated automatic factory operating under Group 
Technology cells. The overall concept for the total system 
is based on the use of Group Technology cells, each devoted 
to the production of given parts families. Each cell is con
trolled by a built-in micro-computer. The overall computer 
system for the plant is hierarchical in nature. Middle-level 
computers control and coordinate the operation and work 
scheduling of one or more cells, while the overall ;ystern ~s 
being controlled by a central computer. 

S. ECONOMICS OF GROUP TECHNOLOGY 

8.1 Economic Benefit and Justification: 

Appropriate and successful implementation of Group Technology 
will 1ead to improvements which include more effective design, 
less stock and fewer purchases, simplified production planning 
and control, optim~ sequencing and loading, reduced tooling 
and set-up times, reduced in-process inventaries, shorter 
throughput time, more efficient utilization of expensive 
machines, etc. Significant economic benefits will be achieved 
as shown in Figure 16. 

Fig. 16, 

fO()N (ONfOO< ......... 

:"''~"'""~·-~ ... ~ "'~"'' 

"'"''" '"~ & .. 

Reduction of manufacturing costs through 
Group Technology application. 
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rt is desir<tble to <tn<tlyze these economic gains through cost • 
unalysis of specific applications by comparing the economic 
benefits of both the present conventional method and the pro-
posed Group Technology method. Economic justification is a 
key for implementation of Group Technology. Various formulac 
and procedures havc been developed for economic analysis and 
sorne examples of such methods are presented in section 8.2, 
"Compara ti ve Cost Analysis~. 

The economic gains through successful Group Technology appli
cations are great. However, it requires a period of time to 
gain new savings since a considerable cost is involved in 
maintaining the system as indicated in the case history shown 
in Figure 17. 

5A,VIIIriS 

• 

cosrs 
A.PPL!UT!ON:S:--~---

Fig. 17, Examples of cost savings, expenditure and 
time-period for Group Technology imple
mentation. 

8.2 Comparative Cost Analysis: 

8.2.1 Group Tooling costs: 

One of the advantages of Group Technology applications is the 
rationalization of tool designs and the reduction of tooling 
set-ups, which lead to reduction of tooling costs and production 
costs as a whole. The cost analysis of group tooling (group 
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jigs and fixtures) in comparison with the tooling costs of 
conventional tooling methods becomes essential for the justi
fication of Group Technology applications in tooling. (19) 

(a) Conventional tooling method: 

p 

where: 

l:C
1

(i) 
i=-1 w 

cost of a jig or fixture of conventional 
tooling method, $ 

total tooling costs of conventional methods 
using "p" different jigs or fixtures, $ 

p number of different jigs or fixtures used 
(also possibly number of different parts to 
be produced) 

(b) Group tooling method: 

q 

where: 

C(il+Cw2 i=l 11 

cw2 cost of a group jig or fixture, $ 

total costs for the group tooling using a 
group jig or fixture with "q" different 
adapters, $ 

Ca cost of an adapter, $ 

q number of adapters used for the production 
of a family of parts 

(el Unit tooling cost: 

(i) conventional tooling method: 

p 

where: 

E 

unit tooling cost for conventional tooling 
method, $/piece 

number of parts produced 
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(ii) Group Tooling method: 

q 

' • i=l 

where: 

45 

N 

cu2: unit tooling cost for group tooling method, 
S/piece 

The following data shown in Tables 12 and 13 are given for com
parison of a conventional tooling method using conventional 
milling fixtures and a new group tooling method using a master 
group fixture and adapters. 

The total tooling costs (Ctwl and the unit tooling costs (Cul 
of the conventional tooling method and the group tooling method, 
in relation to the number of different parts in the part family 
or the group are computed, and listed in Table 13. The total 
tooling costs (Ctwl and the unit tooling costs {Cul as a function 
of the number of parts in the part family or group are plotted 
in Figure 19 and Figure 19, respectively. 

As shown in these graphs, the rate of increase in the total 
tooling costs for the conventional tooling method is exceedingly 
larger than that of the group tooling method. Frorn the stand
point of the unit tooling costs, as the number of parts in the 
part family increases, the unit tooling costs for the group 
tooling methods become far more economical compared to the 
co"ventional tooling method which is not affected by the number 
of parts in the part family. However, the sharp decrease in 
the unit tooling costs levels off after a certain number of 
parts in the group. This indicates that there is a limit up 
to which reduction of the unit tooling costs is effective. 
Also, both graphs of the total tooling costs and the unit 
tooling costs indicate the break-even points at which the de
cision for selection of appropriate tooling method can be 
made. 

In comparison of conventional and group tooling methods, it 
becomes necessary, not only to analy~e the total tooling costs 
and the unit tooling costs, but also the number of parts in 
the part family where break-even takes place. A break-even 
point in the tooling costs of DOth methods can be obtained as 
follows: 
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Table 12, Cost data for comparative analysis. 

- ····----·-- -,,-
<"~>JlV"Jlll<JI\:LJ \;l:lHL¡l ToolLfl•J 

Ilcm T<>t' IL ll'] M<~~hnd 

Cost of che Drill J i_g :?815 

Numlwr of ji '_1~ nl<¡uircd 6 
- -- -
CO!it of 00 adilptcr -

--
Number of adnptcrs requircct -

--
Numbt"!r of p1eces eo be p1·od. 240 

Table 13, computed example of tooling costs 
for Comparison. 

N<.>thod 

$2208 
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5 
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c ... <il 

n nurnber of parts in the part family 

nb: number of parts J.n the part family at the break
even point 

For simplicity, let us assume that the break-even point may be 
analyzed using the average tooling costs which are expressed as; 

Average tooling cost: 

Average adapter cost: 

p 
E 

i=l 

q 
E 

i~l 

p 

q 

The break-even number of parts in the part family (nb) can be 
formed as follows; 

e -wl 

However, the number of fixtures or adapters needed at the break
even point may or may not be equal to the number of parts in the 
part family or group. For example, if an adapter c<m be used 
for two different parts, the number of adapters needed will be 
one less than the number of parts in the part family. This 
concept applies also to the number of fixtures "p". In a con
ventional tooling method, the number of fixtures is usually equal 
to the number of different parts produced. However, in sorne 
cases, the number of fixtures needed might be less than the 
number of different parts to be produced. 

Let us assume that "p" fixtures for conventional tooling methods, 
und onc group fixture with "q" adapters for group tooling method 
are rcguireU for production of "n" different parts in the part 
family. Then (n - p) of (n - q) represents the number of parts 
which does not reguire their own fixture or udapter, since 
these purts can be produced by using the fixtures or adapters 
designed for other parts. It is also natural to assume that 
these (n - p) or (n - q) parts are included in the break-even 
number (nb). Therefore, the actual nurnber of fixtures or 
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3dapters required 3t the 
nh - (n-q) respectively. 
parts in the part family 
n ~ q may be expressed. 

break-even point are: n - (n-p) or 
Therefore, the break-evgn number of 

for these cases when n ~ p and/or 

n • [cw2 + (n-p) cwl 

b (Cwl - Ca¡ 

- (n-q) 

8.2.2 Group Machining Costs: 

Group machining is one of the most important features of Group 
Technology applications. Although group machining is advantageous 
from various technical points of view, it is still desirable to 
confirm the advant~ges of the group machining method over the 
convention3l machining method. 

(a) The total machining cost for a single lot of a p3rt 
with a special individual tooling may be expressed as: 

where: 

Ctrn: total machining cost, $ 

C0 labor rate, $/min 

Te unit machining time per piece, min/pc 

n~ lot size, no. of pc/lot 

T5 set-up time pcr a lot, minjlot 

Dt depreciation of tooling per 3 lot, $/lot 

{b) The total machining costs for m3chining of "n" lots or 
"n~ different parts in t.he part f3mily for both conven
t~onal and group machining can be expressed as follows: 

( i ) Conventional (~ndividual) machining: 
n 

where: 

n 

i:lTcl(i)NUÜJ + i_:lTsl(i) + 

tot3l machining cost for conventional 
machining, $ 

number of lots or number of different parts 
to be produced 

unit machining time per piece by conventional 
machining, min/pc 
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set-up time per lot for conventional 
machining, min/lot or part 

average depreciation of tooling per lot for 
conventional machining, $/lot or part 

(ii) Group machining: 
n n-1 o-1 

• 

ctm2=c0 r T 
21

.
1
,.,

1
.

1
+T 2+ r T 

1
.

1 
, 

i-l e .l .l s Í"'l sa 1 Dt2-+ i!l Dta(i) 

where: 

Ctm2 : total machining cost for group machining, $ 

n number of parts in the part family 

average unit machining time per piece by 
group machining, $/pe 

set-up time per lot (per a part family) for 
group machining, min/lot or part family 

set-up time per adapter for group machining, 
min/adapter 

depreciation of tooling per lot or part family 
for group machining, $/lot or part family 

The total production time necessary to process "n" 
different parts by conventional method can be defined 
by the processing time of the parts and the time spent 
on setting the fixtures necessary for each part. 

where: 

i=l 

total production time for producing a group of 
parts by conventional method, min. 

n 1 : number of different parts produced 

Tcl' processing time per piece, min/pc 

Ntl: lot size 

p number of fixtures used. Usually, p=n, however, 
if p + n, this means that (n-p) parts are pro
cessed consecutively using the same fixture 

T51 : set-up time pera lot, min 
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In the sroup machinins method, the necessary total Pro
duction time te produce n different parts in a part 
family can be computed by the processing time of the 
parts, the set-up time of the group fixture and the 
set-up time of the adapters used for the processing of 
each part. 

n 
T = t 2 

m2 i=l 

where: 

q 

Tc2(i)Nt2 (i)+Ts2ti:lTa(i) 

production time for producing a part family by 
group technology, min 

n2 : number of different parts in the part family 

T02 : unit processing time per piece, min 

Nt2 : lot size 

T52 : set-up time for group fixture, min 

q number of adapters used 

Ta set-up time per adapter, min 

8.2.3 Group Set-up Costs: 

One of the main advantages of the group production method over 
the conventional production method is reduction of set-up costs 
through the use of group jigs or fixtures for specific part 
families. Set-up costs may be expressed as follows: 

(al Conventional tooling method: 

q 
E 

i-1 

ni 
E 

j-1 

(b) Group tooling method: 

where: 

q 
E 

i=l 

ni 
(T · + t 

Sl. j""l 

e labor 
o 

rate, $/min 

g number oC part families 

n number of jobs (parts) 

' Set-up time pec o lot, • 

in group i [G i) 

min(lot 

r ' •• 
set-up time pec on adapter, min/adapter 

• 
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9. MANAGEMENT PROBLEMS: 

9.1 Personal Problems: 

Implemcntation of a new concept or system calls for a high Ue
gree of cooperation between a number of groups or dcpartments 
in the company. Personncl in dcsign engineering, process 
planníng, production control, ínventory control, purchasing, 
tooling, and the production shops ~ust realize how dependent 
each group is on the others. This type of communication and 
cooperation is often lacking, but is absolutely essential if 
Group Technology is to be implemented successfully. It is a 
cornmon phenomenon that a great deal of suspicion follows any form 
of change to an existing pattern of life, whether this change is 
within an industrial environment or entirely outside of it. 
Group Technology will not only change the pattern of work environ
mcnt for many of the employecs in a company, but it will also 
demand a new form of thinking. 

As Group Technology has become more accepted, it has also become 
apparent that efficiencies obtained through Group Technology 
applications are not determined entirely by its technical 
charactcristics. Additional factors of a social nature are 
making an important contribution, and these are among the majar 
appeals which Group Technology is making to the behavioral 
scientist. (20) It offers sorne solutions to job satisfaction 
such as worker participation in decision-making as a group, 
personalizad work relationships, variety in tasks, freedom to 
determine methods, group production methods, etc. 

In group production methods when a job is assigned to a machina 
group/cell, it is processad under given production operations 
by that one group of workars in the shop. Since all the jobs in 
a group are confinad to a cell of the shop and a small group of 
workars, thc supervisor of the cell can have better control of 
the job processing. It has been found that Group Technology 
applications contribute significantly to íncrease the group 
morale of workers thus leading to higher productivity and better 
quality. Because all the parts produced by thc group belong to 
specific part familias with common similarities, the workers in 
the group becomc very familiar with the work and the operations 
required. As a result, tha efficiency and quality of production 
nrc improved when comparad to those employecs under conventional 
functional job-shop conditions. Furthermore, in comp;;~rison to 
the conventional job-shop production method where each worker 
is only aware of his own job, not knowing the relatad prior or 
preceding operations, the workers in a group/cell have a closer 
awareness of and identification w1th the jobs. There develops 
a certain group responsibility in quality maintenance, which 
assist both the product and the attitudes of the workers 
through higher group morale. 
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9.2 Appraisal for Implementation: 

It is essential to check all possible questions and potential 
problems befare any major undertaking is made for Group Technology 
implementation. Sorne majar advantages and disadvantages of Group 
Technalogy applications are summarized helow. 

(I) Potential Advantages of Group Technology Applications 

A. Design Engineering 

l. A well-designed classification and coding system pro
vices an engineering design file for effective product 
design data and for an efficient retrieval system. 

2. A classification scheme enhances the standardization of 
functional designs and consequently avoids unnecessary 
design duplication and design varietY· 

3. An effective design retrieval system brings about design 
rationalization which results in significant design 
cost savings, in particular for the design of new 
parts. 

4. Savings resulting from an effective design data retrieval 
system and design rationalization are immediately achiev
able. 

5. A well-designed classification and coding system pro
vides complete and accurate information needed to 
form part familias having a reasonable and practica! 
number of parts in a particular part family. 

6. With the formation of part familias a composite part 
file will be developed íor assistance in the design and 
development of composite components. 

7. In the utilization of a classificatlon and coding system, 
data will be provided for the evlauation of manufactur
ing capability, producibility tips, value analysis and 
methods engineering. 

8. Pai"t family groupings assist to identify parts thac 
would be advantageously purchased, fabricated, ar assembled. 

9. Engineei"ing changes may be moi"c easily incorporated into 
the system. 

10. Advanced classification and coding systems can easily 
become an integi"al part of a generativa computar aided 
design scheme. 

B. Planning and Control of Production 

l. A well-designed classification and coding system will 
p¡:-ovide for the fast anct reliable retrieval of pi"ocess 
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plans for ull types of parts and assemblies, und standard 
routings for part families. 

2. Standard routings for part families lead to effective 
design of group toolings for family groups, for NC part 
family programmings, and group set-ups for part families. 

3. Part family files provide basic information requ1red 
for computerized process planning. 

4. Production control can be simplified and effectively 
executed under Group Technology environment. 

5. Production scheduling lS greatly simplified by schedultng 
to groups/cells for the processing of part families. 

6. In-process inventory can be reduccd due to shorter 
inter-process transportation and less queueing time 
using"qroup scheduling methods. 

7. Correct application of Group scheduling methods results 
in reduction of total production time. 

8. Appropriate scheduling for groups of part" families assures 
the meeting of delivery dates, thus improving the compet
itive position of the company, ensuring fast delivery 
and better customer relations. 

9. With the use of group scheduling integrated with material 
requirments planning (MRP), more effective control of 
production scheduling and inventory for a better stock 
balance is assured. 

10. Reduction of investment in work in progress through 
diminished in-process inventory is realized. 

11. More efficient machine loading through part family 
grouping and machine groupjcell provides a base for the 
economic justification for expensive machine tools such 
as NC machine centers and special purpose facilities. 

12. Manjmachine utilization is usually improved under Group 
Technology environment. 

e. Manufacturing 

l. A classification and coding system and/or production 
flow analysis will provide meaningful data for forming 
machine groups/cells for part families with resulting 
opportunities for better manufacturing engineering 
methods. 

2. Part family groupings by manufacturing features provide 
data for improving the plant layout. 
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3. Cellular layout of machine groups/cells can improve 
the floor space utili2ation. 

4. Machinc grouping or cell formatlon for processing part 
families provides a flow-line, resulting in reduced 
transportation and in-process waiting time. 

5. The composite component concept for part families pro
vides the basis for designing group toolings and set-ups, 
grouping of machine cells, and programming for NC part 
farnilies. 

6. Uti1i2ing group tooling for processing part fami1ies 
will greatly reduce the total set-up for a part family. 

7. The actual production time may be reduced through the 
effective use of group tooling methods. 

8. Tool engineering can be accomp1ished on a rational basis 
through the use of effective ceded data related to 
product parts, manufacturing processes, and existing 
tooling. 

9. Tooling costs may be significantly reduced by designing 
for group toolings and set-ups. 

10. Part fam11y grouping and proper group scheduling can 
make economically feasib1e the use of sophisticated 
automatic equipment, NC machines, and machining centers 
through improved machine-loading efficiency. 

11. Parts adaptable for NC machine centers, and multi
station machining centers can be identified from the 
part family data file. 

12. Part family programming for NC machines reduces one of 
the majar cost elements in NC operations. 

13. Group Technology applications enables more efficient 
operation of multi-station manufact\lring ,;y,;tems with 
NC rnachining centers and industri~l robots. 

14. Fully- or semi-automatic computer-integrated factories 
cnn more successfu11y operate under Group Technology 
environment. 

D. Management 

l. Successful integrated systems brought ~bout by Group 
Technology applicalions stimu1ate more effective cooperu
tion between the departments in a company. 

2. Group morale of workers in a group ce11 is high, 
resulting in higher productivity. 



-57- 5 ~} 

3. Supervision of a group cell may be more effective 
since the supervisor has imrnediate knowledge of the 
state of jobs in the group. 

4. Workers in a group cell tend to be more conscious of 
and have a better understanding of the operations 
required, work flow and in-process status. This know
ledge leads to higher work quality and efficiency 
compared to the conventional batch-type operation. 

S. Improved industrial relations is brought about by a 
group production system which can offer roore job 
satisfaction. 

6. There can be an overall cost reduction when group 
technology is effectively applied. 

7. Overhead costs will be reduced as a result of better 
utilization of employees, facilities, and space. 

B. Appropriate implementation of Group Technology concept 
provides economic justification for new capital invest
ment. 

9. 

lO. 

11. 

12. 

Reduction in the variety of raw materials and purchased 
items can result through reduction of the variety of ' 
purchased parts and materials by effective part 
family groupings. 

A well-designed classification and coding system con
stitutes a form of universal data which is usable 
in a variety of departments and can be easily integrated 
into a master data base. 

Group Technology provides means for the proper work flow 
and the establishment of cost centers providing efficient 
man and machine loading. 

Group Technology can have a long range favorable impact 
on all production employees by providing an environment 
of highe1· job satisfaction, greater workcr involvemant 
in decision making, job enlar<Jement, and job enrichment. 

(Il) Possible Disadvantages of Group Technology Applications 

l. A grcat deal of expenditure and time may be involved 
in installing and maintaining a classification and 
coding systarn. 

2. Additional personnel may be needed to operate and m~in
tain a classification and coding system. 
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' 
' 3. The cost of rearranging drawings and files to conform 

to a new classification and coding system may be expen
sive and time consuming. 

' 4. The currently available classification and coding systems 
might not satisfy the various needs for all aspects of 
the oompany operations, Therefore, it might be necessary 
to supplement a present system with additional cedes or 
to develop a new coding system. 

5. When cooperation and coordination be;~ween the design 
department and the manufacturing department is poor, 
Group Technology implementation is usually difficult 
and not fu11y successfu1. 

6. Because of different definitions and interpretation of 
Group Technology concepts, there 1s no common understand
ing or approach to Group Technology app1ications that 
is currently accepted. 

7. Wben design changes are made, it may be necessary to 
change existing cedes; this could cáuse difficulty by 
inadvertent1y affecting other code-i'el1ted activities. 

' ' 
8. Balancing the m.achine 1oading of all .n .. .;hines and facili

ties within a group/ce11 is difficult. 

9. There may be a reduction in overall efficiency because 
of unbalanced machine loading, 

10. If one machine breaks down, the whole f1ow line of the 
group/cell might stop. That is, a group/ce11 has less 
flexibility in responding to unexpecLEJd changes. 

11. Whenever changes in production methods and production 
qu~ntity of parta occur, rearrangement of the group/cell 
might be necessary, and it could be very costly. 

12. Large costs may be incurred when reorganizing the p1ant 
layout to introduce new cel1ular layouts. 

13. Contrary to the general claims, there rnay be many diffi
culties in production planning and control with groups/ 
cells, and it could be difficult to meet the due date 
in practice. 

14. Optimum man/machine utilization for all machines 1n 
groups/cells is not always possible. 

15. Part family grouping without constraint of a defined 
time period is not adaptable to effective group scheduling. 

16. Reliance on existing production data and routing for 
part family grouping and for the formation of machine 
groups/cells by production flow analysis has ~ definite 
1imitation. 
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fi 1 
17. Unless well-defined and reliable oper-ation/route sheet 

information is available, grouping part families, and 
organizing machine cells by production flow analysis 
will be ineffective and inaccur-ate. 

lB. The optimum r-esults with respect to the total through
put time, product due-date, and the effective utiliza
tion of man/machine will not be achieved without sultable 
analytical techniques for group scheduling. 

19. Selecting qualified personnel to be put in charge of 
Group Technology implementation programs is essential 
and is difficult at the present time due to lack of 
qualified personnel. 

20. Trainlng supervisory personnel for groupjcell with a 
variety of skills and management capability is costly. 

21. Negotiations with workers and their union may be r-equired 
for Group Technology implementation. 

22. There will be sorne difficulties to adjust to new changos 
and to resol ve various resentments and objections from 
sorne personnel and departments in the company. 

23. When strong support from top management is lacking, the 
implementation of Group Technology will be difflcult. 

24. Because of the long period of pay-off for the successful 
implementation of Group Technology, top management mlght 
become impatient and termínate the project prematurely. 

' 25. For successful implementation of Group Technology, the 
full cooperation of all departments and personnel 
concerned is essential. ltowever, it is not always easy 
to achieve this cooperation. 

26. When the Group Technology concept is implemented on a 
piece-meal basis, the full benefits of Group Technology 
are not realized. Therefore, whenever possible, it is 
desirable to implement the Group Technology concept as 
an integr-al part of the total system of the company's 
operation. 
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GEOI1ETRICAL CODE 

lRD OIGJT 
~OTATIQNAL 

SURFAC< 
MACHINING 

4TH DIGIT 

PLA-~E 
SURFACE 

MACHINING 

5TH !llG!T 

AUXlllARY HOLES, 
GEA~ TEETH, 

FORMING 

L__,_<_•_·_' __ ,!,rc=c~~~-, 
r ¡ \ E~TEPNAL SHAPE, !~TERNAL SHAPE, PLA~~ AUXILlARY HOLES 

~ 0.$ <-1¡- < 3 r- EXTE~~<AL SHAPE 1 Jr;T[~I,~l S~;.PE 1 SURfACE ANO 

~f---_::._ ___ 1/'---''"'"'-'':'c""'--...J t_c':'"'-·'='-"'c'c..-" '--"-'"'-":'"::"e' _ _, '--'-'-'-"-"-'-'-"--
>= +> l 
ó -~ 1-..:..----1 
« ..h..< 2 WITH '-._ QO,AT:o·;~L 
Z D l .._ PLANE AUXILJMY HOLES 

SU~PWiE!HARY 
CODE 

DlG J1 

' ' ' 

' < 

" 1--

~ - DEVIATIO~ O~~::~l 1 ¡~;~~~:~~~;~(10 1 SURFACE GEAR TEETH, ~ 
·L_~:_"--'"o"o'c'c",;ec_·-j.-';::::::::::::::::~ ,_'.'_'',¡',[',·~,~-~.,.!,.:,'_'_' __ , l--''''''''''":c'':''--J '--=''''''"'"=''----' 'c_o, 

f DE'II~TlON -

' 5 SPECIFIC OV[QALL 

f--t-rc,c-<c-,-.c,.-,-,--tr!'~:::::''='='='::::~ ó B- e -
.._. _, ~· n co~Po~nns 

1 

1--
8 

1--

~ ·~· > l LONG r 0/ERALL 

SIIAPE 1---
~ ~-,.1,,---.,-'''~""''"'''"'''''-l 
~ ~ : < l. ~ < 4 :========~ ,, 
g'l-'''''''''''"''''"'''''"''""'''-j''\' O'IEPALL 

SPECJtiC SHM'E 

PR!~<CJOAL 

J;',~ES 

1:::::: PLANE 1= AUrll!ARY HOLES, 

GEAR HETH, 

FORM!NG 
t== SU~FACE t== 

______________ _j '-'-'''''''''''"''':'''---' '----------------' 

w 

' o 
' " D 

" 

' -



hr p1on 

COI'J>o.ENT 
cuss 

" ~(:.0.5 o ' • • • o o 
o 

' 0.5(~(3 o 
1 o 

o • 
1 

o - • ' ' < 

' ' -); o 

" ' ' 
. 

' 
' 
' 
6 

' 
8 

8 

OPITZ CLASSIFICATION & CODING SYSTEM (2) 

2ND DIOIT 

. 
E~HRI<Al s~APL 
UT[~hOL SHAPE 

ELEHENTS 

SMaOTH, NO SIIAPE 
EcfMENTS o 

NO S"""E o El!~ENTS • 1 
• 
• • o WITH 
o • ' ' ''"'"'""'All " o o ' • • • " • W!TH • " ' o fUNCTIONAL ' " GRaO'{E 

- NO SHAPE 
"" •• ElEME.HS 
"" • 

• •• "" o o •• w!TH 

~~ 
StREWTH~EAO ' .. ·- """ •• •• fU<ICT IGHAL "" 6 

« GOOOVE -
fUI<CT [ ONAl TAPIA ' 

OPUAJ!NG 
THREAa 8 

OTH>.S 
( ~¡aru•c'' o·<>L 

D!MO¡os) ' 

GEOMETR!CAL CODE 

1on D!GIT 

INTéRNAL SIIAPé, 
INTEII!U~ SHAPE 

ELEMENTO 

!THOUT THROUGH . .. 
SLINO HOU: 

NO S"APE o ELEHENTS • • • .. 
:;;.; 

""' """ .. ''''"'""'"" o • "" 0< 

' WITH 

" FUNCHOAAL 
GAOOVE 

-0< NO SHAPE 

'"~ ELEMENT$ 
o 

'" "" o o 
•• W!TH - SCREHIHREAD o 
"" o .. ·- .,, 
"" .o FU,.CIIaNAl •• « "'"""' --
fUNCIIOI>AL ... ,. 

OPERAT!NG 
THREAD 

"'"'" (>IOr "'"TI ON>L 
DI.M[ft~S) 

~T>t OlGIT 

PIJ>J!E &URFACE 
ru,CH[N[N0 

EXTE, .. AC OROQVE 
>"O O~ SLOT 

[XI~RNAC SPUN~ 

A'OfOR POlYúaN 

!Nf'"I<Al PLA~E 
SURHCE ANO/ 

a~ o•oavE 

[N!~~NAL SPU•! 
ANDfaR POLYGON 

5T>t Ol~IT 

AV><!L!AOY >rOLE(s) "' G!AR THT~ 

o NO AIJXI't!tRY 
HOCE S 

.. IOl HOlé(S) 

1 NOJ e!lATED SY 
A Ol<llUNG 

••'""" 
< 

AxiAL r.ous 

' - AE!.ATED IY A 

" "'"l"O " "'""" " 

' AA~I'l HOlE(s) 

' ' 
oar AEI.AI!D n 

o A OA!llltN:i 

" '"""" ' •aLES ul•l ••O 

" 
OR A>nl~l A•OIOA 
'" Or-~R DO.EC· 
IOilS, 'OJ 'El.\JEO 

CLES >X !Al MoO 

' 
"" "'"'~l •• " '" TH~R QIAECTIO"$ e:.: 

REC..OIED"' 
• e 

6 SPVA GEAA 
IEETH 

" " 
' " BEv[l GE>A • " TEEIH 

• 
' • " OTHEA GEAO • " TEUH -• 

' QIHEAS 

( 



' 
OPITZ CLASSIFICATION & CODING SYSTEM (3) 

OPITZ GEOMETRIC~L CODINC SYSTEM · SUPPLEMENTARY CODE 

lst Digit 2nd Digit 3<d DJ.gJ.t H. OJ.gJ.t 

DIA~·~ETER "D" 
oc MATERIAL INITIAL FOR."l 

ACCURACY " CODI~G 

EDGE LENGTH "A" DIGIT 

-:-¡-:~~-0 $ 
In-;o .. es . 
f0.9 o Cast !ron o Round Bar, black o 'o AcctJracy Specified '--.,¡ 

!<\adular graphitic 
J ! )20.~50 >O,B;~2.Q 1 cast iron and :nillle- l Round Bar, bright 1 2 

-! able cast iron Crawn 
2 

12 2 ! >60,~100 :>2.0;~!..0 Steel 26. StO'>f/in Ba< - triangular, 2 3 2 :-Jot heut treated sqtJare, hexagonal, 
' others -i 

J : )l00_,fl80 )4.0,!:3.5 3 3 Tubing 3 4 
. 

4 >100,:5_250 )6.5,!>10.0 4 
Steels 2 aod 3 

4 Angle, u-, T-, ood 
4 5 Heat treated similar sections "" 

5 1 >250;M00 >lO.O,s16.0 S Alloy S te el 
S Sheet S 2 aod 3 

' (Not he11t treated) 
-¡--

' 1 )~00<600 >16.0;<;25.0 6 
Alloy S te el 

6 Plate aod Slabs 6 2 aod ' ' r Heat treated 
f--: 

' 
1 )i>OO,<;:lOOO >::!5. 0,~0. 0 ' ~on-ferrous Metal ' 

Cast O< forged 

' 2 '"' 5 
1 Components 

--, 
' 

e ' )J 000 
)~0.0,!.110.0 ' L~gl•t Alloy ' Wclcled llssenóly ' ' ,,.,¿ ' f--: S2000 

1 
>?neo >O o. o l' QU,er !~"t"J:íills 9 

Pt"e-mc.ch i_Ped 
9 " ' ' ' ' r, ) 

1 '' 
' ' ' Co~ll[lOJl'-'ll t,.; 

( - ·---



' 

KC-1 CLAS~IFICATlON & CODING SYSTEM (JAPAN) - (1) 

1st Digi t 2nd Digit Jrd Digit 

Part Kind Part Class Part Group 

Principal Shape Dimeusion<ll Range Shape Feature 
of P<~rt of Part 

o Non e o {~) o Basis 1;L;} 0~20 
~ 

- o • -~ ~ 

" ~ ,,, 
"' Blind ·~ " 1 '" hale 1 L/D~2. 5 1 "' Inconcentric hale -e=::= " .. " "" - " ' 20<D.:<i50 ". " 8 00 

" o 
{1) {b) 2 ' Through 2 L/0)2. 5 2 " !'". -----!'. • •o Straight 0.: ~- _,_ 

hale o• groove 

- rl ~ ' ' w o 
rl 3 L/D!'iO. 5 3 ,,, • {b 1 
" ' f-" 1 o 

" <:J:_j 4 SO<D:S;lOO 0.5<l/D:i2 4 " Basis 
~ • ' f- • 

L/0>2 " {a 1 ~~ i 5 5 " Inconcentric hole '' -~ 
1 

o " " o 
" {1) (b)' 

6 L/0:9.. 5 6 o Straight ~""" 
[ gr-oove 

'- f- 100<0"200 " • 
7 won.s 7 " {a) • {b) ~ w "" • 

With shape 2lement {2) 
8 oo<o:::.:soo 8 such "' taper O< =-='.J. 

spherical surface 

{JI 
9 D>SOO 9 Spccial shape -E:}C} 



8 

KC-1 CLASSIFICATION & CODING SYSTEM (JAPAN) - (2) 

'"' Digit 2nd Digit kd ""' 
Part Kind Part Class Part Group 

Principal Shape Dimensional Rangc Shape Fcaturc 
of ~art of Part 

(~) __ , 
0~20 o Basis ';. •.:..;) 

L/0~2.5\1 
(o) 

~::~ lnconcentric hole 

" o<o~so 

1~ ~ 
. ~ i '1 L/0:>2. 5 

(1) (b) 
·~:;:_j-

Straight groove 

-
L 

3 L/0!!00.5 (o) + (b) ~:::; 
" " " " ·~ ·~ 

' ~ .. 1ari, 
4 4 50<0~100 o. 4 Basis .--'""..., 

cii • --
- " " ' (o) 

5 L/D>2 5 " Inconccntric hole .e(:;;. 
" o 
" 

1• 
o (l) (b). 

L/05;1. 5 6 " Straight groove ~.::.:> 

" '-- ' ~ 
1' 

~ 
L/D>l. 5 7 ' ( o ) + (b 1 ~y " . 

" 
sh<J.pe "' -----~1 

' ' 00 taper O< 

surface 
·.;;___:_.¡_¡ 

ls 0;>500 9 Special shape 



KC-1 CLASSIFICATION & CODl!IG SYST01 (JAPAN) - (3) 

lst Digi t 

Part Kind 

Principal Shape 
· of Part 

. -
5 • " r 

., 

' 6 ~;~¡;· 

2nd Digit 

Part Class · 

Dimensional Range 
of Part 

5 

6 

' 
8 

9 

(~) 
D~20 

20<DS"50 

D)SOO 

1 L.,/0>2. 5 

1 L.,!D<O. 5 

L/D>2 

L/D~. 5 

L/D>l.S 

" " 6 •• ,. 
•• 
~ •· 

' 
, 
~ 

le 
~ • ·o 
u" 

9 •• •• • • 

3rd Digit 

Part Group 

Shape Featurc 

Without spline 

With spline 

Without spline 

Wit:h spline 

Worm 

Worrn wheel 

Without spline 

With spline 

Without spline 

With spline 

••• < ·.:;o 
••• 

Q:· .. 

···- '"''.. - !:;;' 



ll 

KC-1 Cf.JI.S.SIF!CliTION t. CODING SYSTEM (JAPJIN) - (4) 

• ' 1st Digit 2nd Digit Jrd Digit 

Part Kind Part Cli!SS Part Group 

Principal Shape Dimensional Range of Part Shape Fe¡;¡ture 
of Part 

(6}(mm) 
Lump Plome (parallel, o A/B~3 o :...-= 

A~200 non-parallel) "'--' 
r- rcv' 

"~· 1 A/C~4 A)200 1 Parallel hale .[J rn 

2 A/B:'fJ A!0200 
sheet 

2 Non-parallel • 
hale e::" 

- ::._~/ 
3 A/C>4 ~200 3 

Planc, 
,'!~"". Parallel !-.ole 
.•!.-~ 

cer (flat Plane, ·?·-:: 

1 
4 A:!i200 square) Non-parallel hale 

.. 
4 1 - A/B)') ' ~ 

5 11>'2 00 ' 5 
With turned 1 

'"='3 surface -· - ' 
1 

. -· ,: ·-.,.,_ .__, 

Combined of Caneen trie screw 
6 AS o o round ' 6 with axle ·<-· 

' AIB:9 square 

7 Lump, sheet, bar 7 

""' combined shape 
[1.)200 7 With teeth C·, :::..:>:: 

':;Y ·. Wit:h specially 
B ~200 B ,.("-;> 

curved surface "'--'-0' 

-, A/B::>"3 

9 A)'200 9 other-s 



KC-1 CLASSIFICATION & CODING SYSTEM (JAPAN) - (5) 

1st Digit 2nd Digit Jnl Digit 
-

Part Kind Part Class Part GrOUI? 
Principal Shape Dimensional Ranga of Por Shape Fea tu re 

of Part 

o WS20 
(kg) (7) o Main uxlc head 

l 20<W~70 l M a in body 

. 
2 A/B:$3 2 Column 

Housing 
O<W~200 

3 A/B>3 3 Bed 
B<~.se 

' A/nSJ ' 
Cross rail 

Am 

00<1 .. $500 Bracket ' 
S A/B>J 5 Table 

Cross slic!e 

6 A/B!03 6 Cover 

1- 500<W.$100G 

' A/B>J ' Po o 

7':~~ 
8 llO> shaped hollow 8 1000<W~2000 8 Plummet 

9 W>2000 9 others 



KC-1 CLASSIFICFITIO~ & CODH:G SYSTEM (Jfll'AN) - (6) • 
1st Digi t 

Part. Kind 

Principal Shapo of 
Part 

2nd Digit. 

Part Class 

Dimensional Range 
of Part 

o Rolled material o 
" f--t---------+--1.~ ~ 

l 

2 

Round bar 
material 

Square bar 
material 

l 

2 

"" "" " . "o 

" " 
f-f--------j--jB 

3 Tubing material 

• Thin sheet 

3 

• " " 
L-+-------------~--10" 
1 " " 

3rd Digit. 

Part Group 

Shapc Featurc 

Without 
machining 

Partially 
machined 

Without 
machining 

Partially 
machined 

Without 
machining 

"" ..., <V Partially 

"" S \\'ir e S 

1 ' 

.s ::> machined 

f-f--,------+-~·~-+----------~----~ 
6 

- ' ~" 
7 "" -~ ~ o o 

"" - " " ' 

Casting " 6 " 

1----------+-1 B " 
Forging 

Sintering 

7 
roo 

"" 4~ . " 
" ' 
" ' " ' o ~ 

f-lfñcc'"'"""'"~-----1-·-f-w'"~'""'"""---'-1" " "" Oth~r parts w~ng ~~~p~a ~ <V .... 
9 almost ra•..¡ material 9 (specially 9 t ~ ~ 

without machining ordered}, Others .sO~.< 
""o 

Without 
machining 

Partially 
mach::.ned 

Without 
machining 

Pilrtially 
mac:hined 

.. 
;" ~ -



1 3 

KC-1 CLl,SSIFICATION & COOING SYSTEM (JAPAN) - (7) 

4th Digi t 5th Digit 

Material Portian to bo Machined (11) 

Raw Material with lligh Accuracy 

(12) 
o Ordin;;¡ry Cast Iron o Without High Accuracy 

• 
f.... Special Cast !ron, Turned Surface (o) 

1 Cast Steel, Sintered 1 (interna!, externill ' Alloy Steel ood surface) 
f.... {13) 

2 " Non-Refined (lO) 2 Plane (b) • ' , o 
f.... o " " o 

" • holécl 3 • ' Refined 3 o Non-concentric • o o 
~ o ·~ 

f.... ' z , 
• • " < 

4 • Non-Refined ' • (o) • (b) 

" • f.... o 
" 5 
o • Refined 5 (o) • (o) 

6 • Copper ' its Alloys 6 (b 1 • (o) 

f.... 
, 
o 
" 7 " Light-' Alloys 7 <•) • (b) • (o) • 

f.... ' o 
o 

8 
z 

Others 8 Grinding ( 14) 

9 Non-Metals 9 Special Processing 
(Elcctric dischargc, 

• etc.) 
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BAS!C DATA FOR MACHINE LOADING ANALYS!S 

-
GR!N~·;ia PT, CODE LOT TURU!NG MILLING{I) ~1!LL!NG(!J) DR 1 LLl NG 

NO . .J::!Q_._ SIZE s/r M/T s/T 1 MIT s/• MIT s/r r., 1 r sh . ::./r 

l 010 m 115 " , !J 5 - - 15 J 6 1 20 

2 010 124 " 15 12 15 7 - - 2J ' 7 15 

3 002 l2J 55 - - lJ 5 16 8 2J 12 6 10 -
4 ¡¡¡ l2l 105 ]J !< - - 15 6 25 8 8 9 

5 OJO 120 25 23 lO ¡ o 8 - - - - - - 1 

6 1 ! 002 123 10 - - 15 8 - - 18 lO 8 23 

7 Oll 12J 5 " 9 ¡¡ 9 - - 15 15 - -

8 110 124 12 15 ¡5 - - 10 9 24 ll - 1 -

9 Oll !24 18 2J i2 lO 8 - - - - 5 
1 

23 

lO 002 i20 J5 - - - - IJ ,, JO ll - 1 -

ll 011 12 3' 10 23 14 12 6 - - 24 7 - -

12 112 122 " " 8 - - l2 10 18 ,10 7 ' -.o 

ll 001 ln! 21 - - 11 ' lO 9 25 ¡¡ 6 15 

14 Oll l2T " 15 8 lO 5 - - 24 4 - -

15 111 "' 3 15 lT - - l2 9 - - 5 18 

16 002 120 5 - - lO 6 - - " u - -

~ 

17 u o u o¡ 24 " 10 - - 10 8 " ¡¡ - -

E_ 111 12l! 46 30 11 - - ll lT 30 7 5 10 

1 2 al 19 1ll 61 20 9 - - lT 5 - - - -

10 017 12~1 1 o 15 lO ll ,, - - 20 5 5 1 8 
- ·--· -
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COMPUTATION SHEET FOR MACHINE LOAD! NG AtiiiLYSIS 
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GROUP SOIRDL.1.1~G ALCORITIL'I FOR !IEURISTIC SOLU1'TONS 

(A) RliLF.-I: 

(n) For thoBc jobs th~t the o:r• - J;T) value is posittve or zero, i.e., 
o:r• - I:T) > O, the job sequcnce is in asccnding order of the T 
vnlues. 

(b) For those jobs with thc (IT' ·- r.T) value ne¡:ative; (I:T' - ET) < O, 
the job sequ<•nce is in desccnd~n¡¡ order of th~ !T' values. 

Symbollcally: the job sequence ¡,. assir.ned 

-When (l:T' 

(~T' 

(ll) RULE-n: 

l:T) > O, 

l.:T) < O, 

(l:T) t 
(l:T')+ 

Also t.he job sP.quence is nssigned in descending ordcr hased on the 
numerical valuos of {ET' - ET). 

Symboli<:nlly: (l:T' - ET). 

(C) Sl'F.ClAL CASES FOR RULE-I & RULE I1: 

(n) If thc different values of(rr• - ET) are exclusively ;>ositive or 
negativo, RULE-T alonc will prevido a unique solution for an optimu~ 
job sequcnce, and RU~E-!T is not used. 

(b) Should there be several identical (tT) or (tT') values, RGLE-Il is 
used to dctcrmill~ the proper seqnence for thc identi<:nl valU<'S. 

(P) RULE-Tll alld Rt:LE-IV: 

RULE-1 and RU!.E-11 are .~ppllcd to th<> problcms wh<>re each _iob is proccsscd 
through a set of m<!chiucs/operations in the sarne order. Ho,.cve~, "'hcn 
jobs are proccsscd with certain opcrations omitted or ~issin~ for so~e 
jobs, RULE-Ill atld RULE-!'1 nmst also be appllcd. RULE-lll .1nd RUU-lV 
are esscntially lhc sa<ne as RULE-1 and RULE-Il respectiv"-ly, except th,>t 
to apply Rt:I.E-lli and RUJ.F.-!V, e<1ch row in thc ~ectioncd time matrix íT 
and T' is .J.v~r.J.gcd. The~~ avcr~ge time v~lucs: T and T•, are found 
by dividing ~he sectiun~d ti~e matri~~8 oi lT and ET' b~ the number of 
op.,rations pcrform~d in eado 1<ectJoned matrix respcctively. 
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COI1PAR 1 SON OF TOTAL IHROUGIIPUT WIES BY GANTTS CHARIS 

(A) SUCCESSIVE SEOUENTIAL TRANSFER (J2. -J. -j3) 74 HRS • 

( . Ji\ .. ¡,, !~,l..!. '1 ' " "J·H, ·,1"·,~en·.:~ "' " • . .. • .1 
• •u u u • .. u u u u u 

' ' ' ' ' ' ' ' l .• l. .... ~,J,,,, M, ... . l. ,n.¡. " .! l.,.lh, .. ( .J • 
,,, 1 . 

• •• ,u u u u u 'u .. u .. u u u 
' ' ' ' ' ' ' ' ' 

d¡, ... l.l "· • .! "J ... ' ,;Jf.. ..¡. !.,,, .. ~J' ... .l... .,, ... 
• u u u u u ., .. u " 'u ,¡ u u 

' ' ' 
.. 1 

' ' 
l. !..,J\1-

• 
"· ' • 1 • 1 " • ., .. !, . ' ' .! Ú• 1 ' ,1 L. ¡:;;¡ 

' ' /,. 

' u u u u u .. .. .. .. .. u .. " • 

(B) PARALLEL SEQUENTIAL TRANSFER (J.-J,-J,> 53 HRS • 

M¡ ( Jij .. !., ,.i.Jl 1. 
1101111101on 

.1., ld.l.l .. ,1 .. ...... ' 
1 t 

• u u u u 

M ' 
¡,/ ·!.~ l. • "· 11" 

.. 1.1, ... .¡ .... .• L .... ... ,. ' .. .... 
• u u u .. •• u u .. " .. u 

M 1 ••• 1" 1 ; 1t\ 1. •. .. ' .l.! . .......J.... 
' ' .... 1 ' ' • '1 " 1 .... 

' .. .. .. u .. " u .. u u .. 
M !. ....... 1 1 . ,lB.!,, J, ' • ·'· 1 ' !.,,, ' " Rl1 . 1 ! . 

' .. u u u .. u u .. u u .. 
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IW~~BER 
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5 2 8 5 

J q ' 5 ]] 2 5 - 7 
'--·_J'--__j'---'--- , _____ , _ _j ____ ... -
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000 
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000 
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000 
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J ' ,, 

o () o 
- o -, () 

(T(._"f> o T"" 1'= -o -o o o o o 
RULE f/ J : o--{ 

RuLE#!!: 1 _¡ 

- ' 
RULEffill: 

RuLE ~'IV: 

TOTAL CYCLE T!I~ES: 

SUCCESSJVE PARALLEL 

RULE f.! 1 ' 1 1 
HRS, [ ___ ] HRS. 

RuLE ff ll: 
1 J HRS, c:::::=J HRS 

RULE t! JI 1 : C-=:1 HRS, 
1 _] HRS. 

RULE :: IV ' CJ HRS. CJHRS. 



: ( ~~ '- ~é "· t <: ":~ T !!e; -1 '. T'~ "V T.': "o'" : :: ' r ! T e: "\PI;"T,•,~:o' -- - ---,;,:.;,- ,- -· '-<- "-~-. ,:-' ''"-",-····-;.....:... -, 
. , r1j : .J(_; (/.J , )(_; U{) 
,. 1''2 00 00 00 CYO 

113 00 00 00 00 
Mq 00 00 00 00 
11

5 00 00 00 00 
116 00 00 00 00 

TOTAL TH1E [' --¡~HRS. 

TOTAL' P~OlCESOO BYOOE fi. DOEh'Cbo 
Mz 00 00 00 00 
M3 00 00 00 00 
111

< 00 00 00 00 
~15 00 00 00 00 
116 00 00 00 00 

-~: TOUJ~ILCET ¡ NE 'L::.::.::.-_'1 HRS, TOTAL PROCESSING Tlr1E BY THE RULE tt IV SEQ -• ·: ~ . 

Ml 00 00 00 co 
Mz 00 00 00 00 
M3 00 00 00 00 
M< 00 00 00 00 
Ms 00 00 00 00 
M5 00 00 00 00 

TOTAL TIME _ [~ HRS. 

THE OPT!I·IU/1 SEOUiOIKE IS ilY RULE Ji 1 J 



Túi.;L í'P.0C:OS~!i:G -,-¡;·;;:=.y-:-:;:: i'llL:O f.! 1~:! ~~'-'"·:~:e;_: _._ :,· 

~~ 1 00 (-)<:J (_y() U<.J 
'\... - ~-- ,.~ 

11 2 00 00 CYO 0(J J; 

M3 00 00 00 00 
f'¡~ 00 00 00 0() 
11

5 00 00 00 Q() 
11

5 00 00 00 00 
"TOTAL "T!ME ·r-1 -:=J-,···os 

TOTAL P~OjCESÓÓ bYOOL // oo'"'()(j- "' ' 
11

2 00 CYO 00 00 
M3 00 00 00 00 
M~ 00 00 00 00 
Ms 00 00 00 00 
M¡ 00 00 00 00 

e'-~ 
11 TOTAL TIHE 1 !c-~s 

TOTAL Pi\OCESSiiiG T!o'\E EY THE RULE tr IV S:OC.UEt~CE: , .... ' 

M¡ 00 00 00 00 
112 00 00 00 00 
Ml 00 00 ()() 00 
11 ~.00 CYO 00 00 
11

5 00 00 00 00 
116 00 00 00 00 

[ ---, 
TO f fl.L T !ME . ____ j ;i'\S. 

THE OPTii-iUt-1 SE:Ot.:ENCE !S BY RULE f/ C~l 

o-o-o-D 
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o o 

.1:T ~ en· - ¿: n ~ o o o 
o o o 
o o o 

T o 
T'"' 

o CT' - T l o 
~ ~ 

o o 
o o 

RULE 1} ] : 

RULE#]]: 

RULE 11 ]] ! : -o---o }---

RuLE ¡IV o-o-o-o 
TOTAL CYCLE TI.'1ES: 

SUCCESS 1 VE PARALLEL 

RULE f.~ ] L 1 HRS, L ) HRS, 

RuLEfiil: 
1 ] HRS, 

1 
1 HP.S , 

Ruu#lll: [ ____ ] HP.S, [ ~HRS. 
RULE f! IV ' [ ] l-IRS. [- l ,, r,_,~' 



TüT A:.. "~-C< ~ :;:.; ;~-:; 7:. ',E BY n:: '·U'.~ i:' : :- -·. ·-~ '· ~ 0:: 

ii¡ CO 00 CX:-J 00 
fi¡ 00 00 00 00 
113 00 00 CX) 00 
11

4 00 00 00 00 
TOTN. .. TII'rE e··- .]i•?.S 

TOTAL PP.OCESSiNS TJ:'.ió BY THE RULE f.! JI SEC'Ui:!!CE - . ' ' M¡oo 00 00 00 . 
M20Q 00 00 00 
113 00 00 00 00 
114 00 00 00 00 r---. 

- TOTAL T111E 1 [r.RS. 
TOTAL PROCESSJNG T!I-\E BY THE RULE # 1!! St:QU~~KE - · 

111 00 00 00 00 
M200 00 00 00 
~1 300 oo oo oo 
1''; 00 00 00 00 

· TOTAL Tlt'.E r-···-¡ i-i~S. 
TOTI\l PROCESS!NG TIME BY THE RULE f/¡y Sf.QUENCE 1 1 
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COMPARATIVE ANALYSlS FOR E:CONOMICS OF GHOUJ' TOOLING 

ltem 
Conven t ion? L 

too1inr, }!ethod 
!iroup To~linr, 

Method 

Cost of <he Drill j ig $815 $2208 

Number of j igs required 6 1 

Cost of '" adapter - $l,50 

Number of adapters required - S 

Number of pieces to be prod. 240 240 

COMPUTED EXM!PLE OF TOOLTNG COSTS FOR Cm!PARISON 

No. of parts Convencional :-!ethod 1 Grouo toolin Method 1 
in part Ctw, Cu, Ctu;~ Cuz 1 
family 

1 $ 815 $3.40 $ 2,658 $11.08 
2 1,630 J.t,O 3,108 6.48 
3 2,445 3.t,O 3,558 4.9l, 
4 3,260 3.40 4,008 4.18 

S 4,075 3.40 4,458 3. 72 
6 4,890 3.40 4. 908 3.41 
7 5,705 3. l¡O 5,358 3".19 
8 6,520 3.40 5 ,808 3.03 
9 7,335 3.40 6,258 2. 90 

10 8,150 3 40 6' 708 2.80 
11 8,965 3 ,,o 7' 158 2. 7l 
17 9,780 3 40 7 '608. 2. 6l, 
13 10,595 3 40 8,058 2.49 

"' 11,410 3 40 8,508 2. 58 

15 12.225 3 40 8,958 2.49 

" 16.300 3 40 11.208 2.34 
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