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ABSTRACT

Finding logical and economical solution costly handling of materfal, high levels
of skilled requirements, low utilization of manufacturing capacity, low utilization of man power,
fragmentation of responsibility for manufacture and inspection, raised by the implementation
of functional layout are of major importance of. complex scheduling situation. Due to the
above mentioned, was the aim of this case study to replan the shop layout by applying Group
Technology (GT) technique, to enable the company to achieve substantial improvements in
financial and economic performance and markedly to improve their general competitiveneses.
Particularly provided an opportunity to transfer more responsibility to and develop greater
autonomy on the shopfloor and to increase the flexibility with which operators are deployed.
The work discuss a case study for more than hundred components to find out the production
families and determining the parameters needed to change from conventdonal layout to Group
Layout {GL) or group manufacturing. The seguence of operations and the work load represented
by each sheet, are analysed critically from information on the planning sheets and drawing
for most of the components, '

Families of parts and group of machine tools have been develoged in order to achieve
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cost and overhead reductlon, effectlve supervision, more consclous workers in the group,
reduction of the production tme, tooling cost and reduction in stock and settng time, and
well deslgned system, reduced work handling, and lower skill required are some of the system
beneflts. ’

INTRODUCTION

This case study has been carrled out for more than one hundred components, manu-
factured for the Machine Tools Workshop In one of the Egyptian Companies. They were chosen
to study the possiblity of changing the existing layout (conventlonal functonal layout) to
group manufacturlng "Group Technology" (GT), te overcome the manufacturing problems.
The selected workshop produce all the spare parts, which they are required for the different
departments of the company. The selected components have been chosen at random, but
of highly occurance In the workshop due to their urgnet and annually demand, Flg. 1 lHustates
a random group.

The philosophy behind the Group Technology concept may be regarded as an attempt
.at establishing a technologlcal and organisational correspondence between the component
part spectrum of a company and Its shop floor facilitles. This correspondence takes the form
of a relatlonship between a collection of component part familles and a collectlon of batch
production cells.

Stressing the technologlcal aspect, the "component Famlily-production cell" correspon-
dence will be seen to result in economical beneflts such as faster work throughput and smailer
work buffers. On the otherhand siressing the organisational aspect, this correspondence may
result in personal beneflts such as greater job variety and better Job control.

Basfcally, GT can be defined as a method of organdzing parts, processes and machines
to take advantage of what they have In common to avold redundancy. Thus, there is a possibility
of Increasing preductivity through implementaton of GT with codlng and classiflcaton system,
El-Midany [1]. In order to lmplement GT successfully and wlth a vlew to improving the overall
economic situation of a productlon company, it is necessary to consider all aspects of complete
manufacturing system [2].

STANDARDISATION ANO GROUP TECHNOLOGY

The original Increase In work productivity, particularly through the strenthening
of work discipline, an Improvement In the skill of workers and the raising of production quotas,
is replaced by an increase in the technical and organisational standard of production, in which
technology occupies a prominent positlon because:

1- It ensures the appllcation of progressive methods.
2- It causes a reduction in auxillary and ldle Hme.
3- It produces a more favourable ratlo of machine to manual work.

The main shortcoming of the technologlcal preparatlon of productlon is the predo-
minantly Indlvidual approach to the solutlon of every technological problem, for instance,
in the heavy engineering Industry, wlth mostly jobblng and smale scale batch production,
more than 75% of technologists are deallng with productlon data and preparing tool designs
for Future orders. In dolng so they are treating the technology of productlon of each component
separately, without considering any other similar components. They always work from the
beginning, independently for every order, applying thelr own practical experlence gained from
production. The result s on unjustlflable non-uniformlity of procedures for parts which are
identical or similar in shape, a diversity In the specificatlon of suitable machine tools and
tooling and thus differences also in the standard production times. Apart from that, in those
productlon branches in which there isa low standard of product design, and an indadequate
standardisatlon of components, suitable conditlons are not created for the specialisation of
workshops, which would result in a substantlal Increase in productivity .

By the ellmination of these fundamentals and other minor shortcomings, the tech-
nologlcal preparation of production must reach a new qualitatively, as well as quantitatvely
higher. level, The main measure to be taken Is a fundamental change in the methods of work
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Figure | Random Group of Parts
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of “the technological sections. This will make possible a systematic and efficient activity
on the basis of scientific research, and theresearchfor new forms of work leading to the

maximum effectiveness of production.

The new approach to improvement of the effectveness of work in the fleld of
technology, is refered to the standardisation of technology. It has the following general
principles:

1- It should provide a better system for planning technological procedures, based on definite
laws and methods,

2- It should afford the possibility of applying the accepted principles in almost all production
processes and kinds of works, in machine shops, forging shops, foundries, stamping shaps,
tool shops, assembly shops ete.

3- It should achieve the producton of similarly shaped parts, according to the optimum
technological procedure for the given condition.

4- It should help to eliminate the shortcomings-particularly in jobbing and small scale batch
production-of a vast quantdty of tools and fixtures and a low utilisation of the time
available for machining.

Following the introduction of the above general principles in engineering producton,
the scope of a comprehensive standardisation of technology, can be summarised in the
following require ments:

1- To make analyses of the structural compositon and development of the components,
and to correctly plan to improve their effectiveness.

2- To improve the fechnological treatment of the design of components, as well as of the
final products.

3- To apply type and group technology, which means to standardise the technology of pro-
duction for components of similar shape and processing method.

4- By the unification of processing technology, to achieve larger batch sizes and thus also
a higher type of production for component processing.

5- To introduce the specialisation of workshops and workcentres with a closed cycle, intro-
ducing equipment of new design such as unit heads, universally adjustable tools, group
tools and fixtures and auxiliary equipment for the mechanisatlon and automatdon of
production processes,

6- To improve the quality and reduce the cost for the preparation of technological documents.

7- To introduce a progressive organisation and control of production, and thus reduce the
proportion of ancillary and idle time,

FORMATION OF COMPONENT GROUPS

Group Technology is a method of manufacturing component parts by the
classification of the parts into groups and applying to each group similar technological and
machining operations. The grouping of components increases the batch size and permits
the use of flow line production of groups of machines with adaptable tooling and set-ups.
This results in reduced throughput times and better utilisation of labour and existing equipment.

The essential characteristics for the formation of component groups which are suitable
for manufacture by the GT process are shown in Fig.2. The formation of the component
groups is facilitated by the use of classiflcation and coding system. Component groups which
increase batch sizes are developed in three distinct methods. For intrest reader formation
of groups and families has been explained more widely in a previous papers [1,2], as well
a5 the total concept of the composite nart.
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Fig.2. Manufacture by group technology

1- Identical Shape

Identical shape is achieved by standardisation, ratlonalisation and unificaton of
components by designers. This makes it possible for the design department to use repeat
parts and permits batch sizes to be increased.

2- Similarity in Shape

This method groups components by their similarity in shape and the necessitv for
identical or similar sequences of manufacturing operations. The standardisation and unification
of the manufacturing and machining operations makes production with conventional machine
layouts or with machine flow lines more efficient by reducing operation and setting times.

3- Technical Similarity

The third method is the grouping of components which require an identical sequence’
of operations. This promotes the development and use of -machines with a high degree of
automation. The first and second methods are complimentary and often occur simultaneously.
It is by this grouping of components that rationalisation of machining processes, sequence
of operations, operation and setting times, jigs and fixtures, tools and other ancillary items
is made possible. This reduces the work content at ail stages of manufacture and results
in an overall increase in production efficiency.

CLASSIFICATION ANO CODIMG FOR GT

The classification and coding systems suitable for use in GT have many common
interfaces with systems for design retrieval and the basic rules of classification still apply.
The system as a whole may be based on the geometric shape andfor the function of the
component'and/or the production requirements which are based on the tooling and machining
requirements,[B]. However, classification by function shouid not be used uniess the term
is descriptive and has an exact meaning, e.g. shaft, piston, gear etc. Definite names and
generic terms in current engineering terminology are not exciusive and componemts with
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different functions can be given the same name even when used in the same equipment.

It is therefore preferable that the classification be based on the permanent

characteristics of the components. The selection of characteristics and their systematie

. arrangement must be related to the overall requirements which the classificatlon has to
satisfy but should include:

a. Geometric definition of external and internal shape,

b. Other features such as hales, slots and splines, etc,

c. Material and where practical the initial form, e.g. casting, forging, forming parts,
d. Size.

These characteristics can be supplemented when required by other features such
as levels of accuracy in machining, weight of component, etc. By the use of a classification
system containing this type of informatlon, components are sorted into groups. Each component
withina group may then be studled and assessed for productlon by the group method of
machining. The size of some component groups may be such that manufacture in their own
right is not economic, but by merging one group with one or more other groups economic
and efficient manufacture can be achieved.

PRODUCTION FLOW ANALYSIS PROCEDURE

Production Flow Analysis (PFA) is a technique used to simplify material flow systems
and to find the families and groups for group layout. The technique is applied in four suc-
cessive stages; factory flow analysis, group analysis, line analysis and tooling analysis. The
main information needed to use 1t is an accurate route sheet for every component produced.
Burbldge [4,5].

a. The aim of factory flow analysis to find the division into departments and the collection
of machines and components to these departments, which will give the simplest possible
material flow system,

b. The aim of group analysis is to divide the components allocated to each department
into families, and to divide the machine allocated to each department into groups, in
such away, that each famlly is completely processed by one group only [2]. The primary
aim of group analysis is to achieve the simplest possible material flow system inside
each department; to help in achieving this aim the following are adepted;

1- As far as possible each part should be processed in one group only.
2- As far as possible cach machine type should exist in one group oniy.
3- Incomplete processes should be in different groups.

h It is obvisouly clear that, these aims are not always compatible, but they provide
*a useful guide. It is necessary to know which machine are visited by each component. In
case to eliminate exceptlons, the next steps can be used:

- 1- Re-process of operations to other machines already existing in the group.
2-.Change of method
3- Change of component design
4~ Purchase component instead of making it.

¢. The aim of line analysis is to find the sequence of layout for the machines, which will
give the nearst approximation to line flow.

d. The aim of tooling analysls is to find the division of the "families" produced in each
group, into "tooling families" using the same tools.

ROUTE SHEETS

As mendoned previously, the main information needed for the analysis is found
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on an accurate route sheets. Thus, let us go wlth more detail to illustrute the need for the
route sheets.

Before the route sheets are used they should be checked for completeness and
accuracy. The main points to be checked are that:

a. There should be a separate route sheet for every made component, and for every
assembly requiring further processing after assembly.

b= Each route sheet should show all the operations used to make the item.

c. The machine types used for all operatlons must be shown, Fig.3 Illustrates manchine
codes

d. The sequence should be an accurate record of the methods actually in use, or aiternatively
of methods which have been used and can stll used efficiently without buying additional

tooling.
e. Idealy the operatlon time per piece should be shown for each operation.

It will be seen that the level of consistency required in the sequence is not high.
It is sufficiently accurate if all the machine types which are necessary to make each part
.are shown on the route sheets, and at least the majority of these are the best available
or most commonly used for the purpose. However, the larger the number or inconsistencies

which can be eliminated before analysis, the smaller will be the number of exceptions requiring
special study correction.

GROUP ANALYSIS

The second stage of production flow analysis is called Group Analysis. The task
is to divide the components allocated to each major family into families and to divide the
plant allocated to each major group into groups [5], in such away that each family is com-
pletely processed in one "group"only.

The primary aim of group analysis is to find the most efficient divislon of the major
groups into "groups'of a required size. To help in achieving this aim, the following secondary
aims are adeopted. As far as possible:

1- Each part should be processed in one group only.-
2- Each machine type should exist in one group only

These aims are incompatible and are not fully attainable in practc. Mevertheless
they provide a wuseful guide to decision making. The most economical solution will generally -
be that which most nearly follows both of these aims. As reported by Burbidge [5], group
analysis takes place in eight main steps as follows:

1- Renumber operations an route sheets,

2- Sort routes into packs,

3- Draw pack-machine chart, or component-machine chart,
4~ Find families and groups,

5- Check loads and allocate plant,

6~ Investigate and elimincte exceptlons,

7- Specify group and faniilies,

8- Draw final flow system network.

STEPS WITHIN THE CASE STUDY

The method used for sorting the hundred part into familles of parts and the machines
to groups, is best Hlustrated in the following Figures 4 and 5. Fig.# Illustrates the original
record, which it Is the principles of Production Flow Analysis the Initical part/machine chart
for the machine shop.Fig.5 shows how the familles and groups were found by changing the
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sequence in which parts and machines were listed on the chart. The two charts are identical
except that:

1- The sequences of listing for both parts and machines are different.
2- Some machine types have been installed in more than one group.

This study of the hundred components has been analysed to find out the production
families and determining the parameters needed to change from conventional batch production
methods to group manufacture.

The information provided on the route sheets and drawings provided from the company.
The previous discussed procedure for PFA has been considered and followed during this study.

Fig.6 illustrates the original functlonal layout-which exists in reality, and the flow
of the hundred selected components due to their sequence of operations. From the figure
one can show a real comparison between the functional layout and the group layout ({six
groups) Hlustrated in Fig. 7. These groups have been designed after sorting the parts and
machines into six families and groups using GT concept. The criteria upon which we divide
to six groups layout Is due to the machining time for each part and the full utdlization of
the machine tool, which aids effort to increase the overall productivity.

DISCUSSION

Group Technology is a way of identifing and bringing together related parts so that
design and manufacturing can take advantage of their simllarities. Parts with design and
manufacturlng similarities are grouped into families; a hundred different parts (our case) are
grouped into six famiiles (as illustrated) of similar parts. The result is a significant reduction
in the number of unigue work problems confrontig design and manufacturing.

Classification is the method used to identify design and manufacturing characteristics
of parts and to relate these characteristics or atributes to a coding system that facilitates
their retrieval.

Design engineers are faced with the problem of designing many different parts.
¥ithout an effective deslgn-retrieval system, there Is no way to determine whether a new
part is really new, has been made in the past, or is similar to a part made in the past. There
is also no way of knowing what effect specific design decisions will have on ultimate part-
manufacturlng costs, because there is not much feedback from manufacturing to design which
respect to the relative manufacturing costs of design decisions. Faced with this information
void, the path of least resistance is to design from scratch, to "reinvent the wheel” in many
cases. The result can be an overwhelming design proliferation as the same part is designed
several times, each time with a slightly different tolerance or shape.

The same kinds of pressures can lead to manufacturing problems also. The tend
to more product variations has increased the emphasis on shop flexibility and has led to
,a proliferation of manufacturing-process pilans, with no means of drawing on experience
or an information retrieval system.

It is very clear now, that, the outcome of all of this has included high machine
tool investments per unit produced, high costs for manufacturing-process planning, high tooling
costs, complex scheduling and machine loading, high setup time and cost, high scrap rates,
and high quallty-contrel costs.

Thus, in other words, inefficiency has increased and, as a result, costs have increased.
Now, one can say that Group Technology, classification and coding, and computer Aided
process planning-which creat concise route sheets-are responces to these problems; thus
more be[:niafits could realised from applying GT, more benefits with GT as reported by El-
Midany [1].

CONCLUSION

The economic effects of GT are of major significance, but it is possible that in
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the long run its sociologlcal effects will be of even greater importance. The substitution
of independent groups of people working together towards common aims, for groups of process
specialists each making independently, should make it possible to delegate more decision
making to formen and workers and Introduce a greater measure of worker participation.
The simplification of the material flow system again should reduce the need for centralized
bureaucratic directlon and control, and for close co-ordination between departments and
groups, thus greatly reducing stress and chances of conflict.

In reality GT application has introduced many advantages from a management star:d
point, as it impacts planning and support control for manufacturing and as it impacts manufac-
turing. GT, is a progressive approach to the work of the sections of technological preparation
of production and of production process control., The degree of its effectiveness depends
fully on the consistency and thoroughness of its application.
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