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BLOCK 1 OPERATIONS MANAGEMENT
—AN OVERVIEW

This block comprising one thematic unit introduces the subject of operations
management which is equally applicable to products and services. The block explains
the objectives of operations management and tries to develop an understanding of
scientific approach to industrial engineering. Itgivés:a birds’ eye view of managerial
functions invoived in operations management.




UNIT 1 OPERATIONS MANAGEMENT

— AN OVERVIEW /

Objectives - _

Upon completion of this unit, you should be able 10~ :

® know the production/operation function as process of value addition

¢ recognise the distinction between products and services

® comprehend all organisations as conversion systems whether in manufacturing or

service sectors

understand the systems concepts in operations management

appreciate the purpose and objectives in operations management

identify various problems of decision-making in operations management

distinguish various structures of production systems and their associated problems

appreciate the role of materials management.

know the concepts in systems life-cycle ‘ .

appreciate the role of scientific approach of industrial engineering/operations

research in the management of production/service systems

understand the basic theme of the subject and be familiar with the conceptual

.. scheme we will follow in this text :

‘® have a brief idea of the historical profile of the development of operations
management

Structure

1.1 - Introduction : K

1.2 Systems Concepts in Operations Management

1.3 Objectives in Operations Management

1.4  Operations Management Decisions

1.5 Types of Production Systems

1.6 Management of Materials in Production Systems

1.7 Concepts in Systems Life-cycle

1.8 Role of Scientific Method in Operations Management
1.9  Brief History of Operations Management s
1.10 Summary

1.11 Key Words

1.12 Self-assessment Exercises

1.13 Further Readings

1.1 INTRODUCTION

In this unit you will learn about the aspects of management of production and service
organisations. For long the term ‘production’ has been associated only with a factory
like situation where goods are produced in the physical sense. Factoryhas been
defined as «..... any premises in which persons are employed for the purpose of

- making, altering, repairing, ornamenting, finishing, cleaning, washing, brcakfng,

demolishing or adopting for sale, any article”.

However, by generalising the concept of production as the “process through which
goods and services are created” we can include both manufacturing and sefvice
organisations within the purview of production management. Thus the essential
features of the production function are to bring together people, machines and
materials to provide goods or services thereby satisfying the wants of the people.



inclusion of services within the scope o proguction cnabies us o ook at the problem
of production management in a much w:dcr perspective. This brings a number of
sceniingly non-manufacturing sectors of zconomy such as transport, eniergy, health, "
agriculture, warchousing, banking etc. within the scope of production systems. That is £,
why the terms production and operations management or operations management o
have been'suggested by many to indicate the general applications of the techniques of
management of machines and materials. B o ‘

This broad concept of production is keptin mind throughout this book although the o
apparent emphasis may be on techniques usedin the context of manufacturing -

organisation but you should always be able to ¢xtend and apply these management.

rechniques to all types of service organisations ais well. , _ " : o -

k‘l

The Value Added Process et L
Perhaps a more general concept of ‘operations’ inst}a\(i of *production’ will better
include both manufacturingas well as service,grganisations. Operations—either in
manufacturingorinservice—are purposcful activities of anorganisation. Operations
function is the heart of and indeed the very reason for an ‘organisation to come into
being. All operations can be said to add valug to some object thereby cnha'ncing its
usefulness. We may formally define an operation as “the process of changing inputs
into outputs and thereby adding vafueto some entity; this constitutes the primary
function of virtually every organisation™" ' :

Now let us consider how value can be added to an entity by performing an ‘operation
function. There are four major ways: ‘ ' ‘

a) Alter: This refers to change in the form or state of the inputs. This change may be
physical as in manufacturing, or sensual or psychological such as the feeling of
comfort or satisfaction after getting cured from aniillness.

b) Transport: The entity gets value added through transport because it may have
more value if located somewhere other than where it currently is. Entity may -
include people, goods or garbage. ‘ o

¢) Store: The value is enhanced if the entity is keptin a protected environment for
some period of time, such as potatoes in cold storage or foodgrains in warehouses.

d) Inspect: The value of an entity may be enriched through an inspection as we better
understand its propertics and can therefore take more informed decisions ’
regarding their purchase, use, repair ctc. ~

Thus we see that the value may be added to an entity through a number of different
means. It may directly change in space, in time or even just in our mental image of it
All these processes can be called ‘operations’. Thus almost every organisation—
manufacturing, transportation. warehousing, health-care, education etc. come within
the purview of operations management. '

Products and Services :

The output of an operations (or production) system may be in terms of end-product—
" physical goods such as automobiles or rendering a service such as in :

transportation, hospitals. educational institutions. cinema-halls etc. Rendering a

_service mAy involve physical goods (or facilitating goods) such as déntist making a set
“Sffalse teeth while rendering dental care. Thus services can bé considered as bundles
of benefits. some may be tangible and others intangible (such as reduced waiting,
courteous<alls, convenient location etc.) and these may or may not be accompanied
by facilitating:goods. Based on this grouping it is possiblé to segregate organisations
producing goods ot services or both. i R '

The Conversion Process :
From the foregoing description, it should now be clear that all production or
operation functions are essentiatly a part of the conversion process which transforms .
entities in shape; size, form, location, space, time and state. Hence every organisation
can be considered essentially as a conve ;ion system which conyerts inputs into

suts thio s the conversion process (of operations). Thisaspect is further

-iighted in the next gectinng AN




1.2 SYSTEMS CON CEPTS IN OPERATIONS
MANAGEMENT

A system may be defined as “a purjposéful collection of people, objects and
procedures for operating within an environment”. Thus every organisation can be
represented as a system consisting of interacting sub-systems. The features of a system
are that these have inputs and outputs. The basic process of the system converts the
resource inputs into some useful form of outputs. Of course, depending upon the
efficiency of the conversion process we may have undesirable outputs too—such as
pollution, scrap or wastage, rejecnons loss-of human life (in a hospital) ctc. Using the
generalised concept of producuon (wmch includes semces) we can call such systems
as production systems. '

hgure i1: C oncqnuul Model of A Producuon/Opcrauon System!
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Figure I describes a generalised concept of production system. It takes resource inputs
and processes them to produce useful outputs in the form of goods or services.
Inputs and Outputs : : :
Inputs to the system may be labour, material, equipment {(machines), facilities,
enefgy. information and technology. Thus machines and materials, which constitute
the main focus of this book are the resource inputs required by the production system.
Other inputs to operating system can.be—customers in a bank, patients in a hospital,
commuters to a public trapsport system, files and papers to an office situation, and
programmes to be run in a compul:,r centre etc.

Similarly outputs from a system may be in terms of finished products, transported
goods, delivered messages, cured patients, serviced customers etc.

Productivity of Conversion Process

Now we come to the main question of how we know that we are managing our svstem®
operations well. This concerns the efficiency with: which we are conver ting the inputs
into outputs. This conversion efficiency can be roughly gauged by the ratio of
output/input; a term which is generally known as ‘productivity’ of the system. It is
obvious that. pruuu«.twny can be improved by maximising the desirable form of
outputs from the system for a given level of resource mputs or alternatively by
requiring a mmlmum amount of resource inputs for a given level of output from the
system. :

"Thus’
Productivity (P) ‘= ()“[Pm (0)

Toputs(l)y -
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Management of production systems is essentially concerned with the mana’gement“fo'r'
productivity. An alternate way of looking at the concept of productivity is to look at
the amount of waste generated in the system. If waste is ‘unnecessary input”and
‘undesirable output’ from a system, therf productivity can be improved by reducing
wastefulness (or wastivity) of the system. :

Thus a simple way to look at the productivity improvement is to attack wast_es-oi all.
types of resources—materials, labour, capacity of machines, time, space, capital etc.

If you look a bitdeeper into what is happeniﬁg inside the econversion system—you
could find only two mutually exclusive things happening. Either, the resources are
being processed (operation) taking it nearer to the completion stage or nothing useful
is happening to the resdutce inputs. For example materials may be waiting in the form
of inventory in stotes’ W{ﬂﬁﬁg to be loaded on the machine. Job orders may be waiting
to be processed. In a hospital a patient may’be waiting to be attended to etc. All these
forms of waiting, delays in inventories are non-productive events and any drive to
improve productivity must aim at eliminating or at least reducing such idle time,
waiting etc. Thus if you wish to'ithpfde your system operations, try to attack such
non-productive elements in the totaithroughput time of the entity in the system.

Manufacturing and Service Systems

As stated earlier, the generalised model of production system includes both
manufacturing systems as well as service systems. Examples of ‘manufacturing systems
are: Manufacturing of fertilisers, cement, coal, textile, steel, automobiles, machine
tools, blades, televisions, furnitures etc. Examples of service systems include a post
office, bank, hospital, municipal corporation. transport organisation, university,
supply office, telephone exchange etc.

Although basic structure of service systems is amenable to same analysis as
manufacturing systems, service systems do have some salient features making the
management of such systems slightly more difficult. Some of these characteristics are:

a) Output from the system is non-inventoriable. You cannot generally produce to
stock.

b) Demand for the service is variable.

c) Operations may be labour-intensive.

d) Location of service operation is dictated by location of users.

1.3 OBJECTIVES IN OPERATIONS MANAGEMENT

Every system (or organisation) has a purpose, certain objectives and goals to achieve.
Since the objectives of an organisation have hierarchical structure, sub-goals lead to
accomplishment of goals which contribute to the achievement of objectives and
eventually the purpose or mission of an organisation. It is very important that these
objectives should be unambiguously identified, properly structured and explicitly
stated. )

In ggnerfil terms, the objectives of an organisation may be to produce the goods/or
services in required quantities and of quality as per schedule and at a minimum ‘cost.
Thus quantity, quality and time schedule are the objectives that determine the extent -
of customer satisfaction. If an organisation can provide for these at a minimumcost
then the ‘value’ of goods created or services rendered enhances and that is the only .
way to remain competitive. Thus various objectives can be grouped as—performance
objectives and cost objectives.: ‘

e,



Performance Objectives

The performance objectives nfay include:

a) Effjciency or productivity as output per unit of input.

b) Effectiveness: 1t concern: whether a ris ght set of outputs is being produced. Where
efficiency may refer to “coing things right’, effectiveness may mean ‘doing the
right things.

¢) Quality: Quality is the ext i3t to which product or service satisfies the customer
needs. The output has 10 conform 1o yuality 5pcc1f1canons laid down be[ou it can
be accepted. ; ;

. d) Lead times: Manufacturing lead tine or throughput time is the time clupsed in 1 the

C(:I]\'Cl‘\l()n process. Miniaisation of e time. ddavs waiting ctc. will uduu
throughput time. )
2) Cernacity utilisation: Puu ntage unm.m(m of manpower, m‘nchmu ete.

) Fiexaibility: If the conversion process has the flexibility of producmgd combination

ot outputs. it is possible o satisty a variciy of customer n needs.

—

i

Cost Objectives e
Attaining high degree of customer sdtn\.dumn on m,{,l(ormdnu, front must be ¢ eupled
with lower cost of producing the goods o renderinggszrvice. Thus cost minimisation
is an important svstems objective. Costs can be explicit {visible) or |mphut {hidden or
invisible). These couid be tangible in economic terms or intangible in social cost
terms—such as delayed supplics. customer complaints cte. Whiic managing
production systems we must concider both the visible and invisible, mn-nh.- and
intangible costs. Sore examples of these costs are:

a) Explicit (visible) costs:
¢ Matcrial cost
® Dircct and indirect labou: st
® Scrap/rework cost
® Maintenance cost

b) Implicit (invisible/hidden) costs:
® Cost of carrving inventory
® Cos. of stockouts. Qh()rtdt,t.'s back- Ioggmg lost sales
® Cosi of delayed deliveries
® Cost - 7 material handling
® Cost v inspection
® Cost ol grievances, dissatisfac:ion
¢ Downtime costs
. Opportunity costs

For the purposc of managerial decision-making, we should consider the total relevant
systems costs including visible and invisible. A longer term cost {mplications rather
than only short-term will help in arriving at better decisions.

1.4 OPERATIONS MANA( “MENT DECISIONS

Opcrations Management is c«enuall\ a [unction concerning decision-making with
respect to a production/operation system so as to render the necessary customer

satisfaction at jowest cost.

The Process of Management : ‘ ' '
Essentially management can be considered as a process of planning, organising,
coardinating and control.

There are diffcrent ways in which the production management functions can be

i,



; : : S aanee all the
srouped for the sake of discussion. For instance. alt the ¢

- - o

fecisions concerning e

producton system zould be divided as:-

1) Periodic decisions which include selection, design and updating of resources,
struciures, systems and procedures.

b) Continual decisions which arc required in day-to-day operation and control of
prodiiction systems.

Figure 11: A classification of Production Management Decisions
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Conree, Chase, ROB and N I Aquilinio, 1975 Produciion and Operations Mansecients A T avel
\pproach. Richard D Trwmn: Homewood

Fipuie 11 shows a listing of some of the deasions according to this scheme of
functional classitication. [t msay be seen that decisions in (a) above arc generally
stategic decisions having long-term implications while in (b) we have operational
(short-term) decisions. )

And vetanother way of looking at these deeisions iy be:

i) Plunning and Design of Producuon svsfems.

i) Operations and Control ot Production: Systeins.

Fhe major topics covered in this book will be groaped according to the above
. £ | B

mentioned classification.

A third way to group these decisions could be:

i Planning Decision. - Planning the conversion systems

Planning the use of the conversion systems
2

&

il Oraanising Decisions - Orueanising fOr cConversion
: & Structuring ot operations
® Stalfing

o Jobund work-design

L J

Prodocuon operation ctindards




I Controlling Decmons — Monitoring andrcontrol of conversion sys: ‘ems on

aspects of
® Quantity

® Quuality

® Time

® Inventory

® Cost

® Maintenance.

tigure 111 shows schematically a listing of productmn management decisions

according to this classification.

Figure It: A Framework of Planning, Organizing 2nd Control .Decisions in Production Systems

Planning
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« Planning for Operation

« Capucity Planning

« Facility Location Planning
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o Project planning and scheduling

Organising for Conversion
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Source: Adam Jr., E.E. and R.J. Ebert, 1978. Production and Operations Managenal Concepts: Models

and Behaviour, Prentice-Hall-Inc., Englewood-Cliffs.
Strateglc (long-term) Decisions

A decision is said to be strategic if it has a long-term impact; influences a larger part of
the system and is difficult to undo once implemented. These decisions in the context
of production systems are ¢ssentially those which déal with the Design an.d. Planning
(long-range or intermediate range) aspects. Some examples of these decisions are:

a) Product selection and ‘design: What products or services are to be offered |
constitute a crucial decision. A wrong choice of product or poor_d;sngn of the product
thay render our systems’ operations ineffective and non-competitive. A careful

Moniwor




Craluation (‘;t‘pm'duéli.’\‘c‘ivi‘c’c ‘zﬂ'tcr:;tifw,s on ihe muitip! gctive basis can help in
choosing right product{s). Techniques of vadue engineeris o cun be useful in creating a
vood design which docs notincorporate unnecessary fear s and can attain the
intended functions at lowest costs. :

b) Process selection and planning: Choosing optimai (bes
and for the purpose) process af copversion svsiems i5 an iportant decision
concerning choice of tcchnolwg‘}'. equipmient and machines. 2rocess plar. .ngpertans
to careful detailing of processes of resource conversion reguired and theirsequence.
Included in such decisions are the aspects o mechanisation and automation.

. ander the circumstances

¢) Facitities ineation: [t concerns decision regarding locaz.on of praduction syste:

its Cociiities. A poor location may spell operating dikadvantages for all times 1o cor:
The-cfoie itis important to choosc a right loc;!ti«'(n witich will minimise total
‘delivered-to-customer” cost (produaction and-distribution cost) by virtue of locution,
Coicents such w decision calls for evainatef of focation aliernatives against

multipiicity of iclevint factors considering {hedelaive tmportance for the system
aider consideration: 21 ! g

dj }’:iciliiiﬁjiayaut and materials handling: Facilitios iayout planning problems are
concerned with retative location of one department (aciivity centre) with anothern
order 1o facititate materia! flow  pedice handling cost. detays and congestion., provide
good house-keeping. t'ucilit;uc'e...«pf,\yg.ﬁnation ete. A detailed lavout plan gives a
blueprint of how actual factors of production are to be integrated. The 1ypes of layout
will depend upen the nature of production systems. Most of the concepts used in
layout planning models arc based on the importance of locating departments close to
cach other in order to minimise the cost of matesialsthandling. Proper choice of the -
materiai handling equipment such as fork-lift iruck, conveyors etc. is a related
decision i lavout planning. There are large number of computer packages develope
such as CRAFT (Computerised Relative Aliocation of Facilitics Techniques).
CORELAP (Computerised Relationship Layout Planning) etc. to help in layout
planning for, cess based layouts. Balancing the production er assembly lincand
tine-desien including provision of inter-stage sierige capacity are some refevant issug
in the product-based lavouts,

Newer technologies, particufarly computer-based. are significantly altering the
rradizional concents in lavout planning. Morc recently the concepts in Group
Tecunology (GT). Cellular Manufacturing Systems (CMS) and Flexible
vianufacturing Systems (FMS) have intluenced the layout planning and maternial
linndling policies significanily.

¢) Capaciiy planning: [t concerns the acquisition of productive resources. Capacity

o be considered as the maximum available amount of output of the conversion
process over some specified time span. Capacity planning may be over short-term as
we!l as on a long-term basis. In scrvice systems the concept of capacity and hence
capucity nlnaiag is a kit more difficult problem. Long-term capacity planning
ieciudes expansion and contraction of major facilities required in conversion process.
Getermination of economics of multiple shift operation cte. Break even analysis is a
vatnahle tool for capacity plenning. Other techniques like learning curves, linear
programring and decision tree are also uscfu\,"y\‘;pols in capacity planning.

The above mentionaed tive decision areas will be described in detail in the units
immediately following this one. '

Operational (short-term) Decisions .

Operational level decisions deal with short-terim planning and control problems N«
of these ure: :

a) Production planning, scheduling and control: In operation scheduling we wish (o
determine the optimal schedule and sequence of operations, economic batch gu.n ity
machine assignment and despatching priorities for sequencing. Production contro! i i
complementary activity to production planning and involves follow up of the
production plans.

b) Inventory planaing and control: This problem deals with determination of optimual
inventory levels at raw material. in-process and finished goods stages of a production
svstem. How much to order, when to order are two typical decisions involving



mmorics. Materials requirement planning (MRP) is an important upcoming
conceptin such a situation.
¢) Quality assurance: Quality is an important aspect of production systems and we
must ensure that whatever product or service is produced it satisfies the quality -
tequirements of the customer at lowest cost. This may be termed as quality assurance.
Setting standards of quality, control of quality of products, processes are some of the
aspects.of quality assurance. Value enginecring considerations are related issues in

" qualityassurance.’ :

d) Work and job design: These are problems concerning design of work methods,
systems and procedures, methods improvement, elimination of avoidable delays,
work measurement, work place layout, ergonomic considerations in job design, work
and job restructuring, job enlargement etc. Design and operation of wage incentives is
an associated problem area. . G - -
e) Maintenance'and replacement: These.include decisions, regarding optimal policies -
for preventive, scheduled and breakdown maintenance of the maghines, repair
policies and replacement decisions. Maintenance of manpower scheduling and
sequencing of repair jobs; preventive replacement and coHdition monitorifig of the
equipment and machines are some other'important decisions involving éﬁﬁipm’ént
maintenance. Maintenance is extremely ctucial problem area particularly for a
_developing economy such as ours because-it is éﬂ{}/'-r}irough a very effective
maintenance management that we can imprové*é‘apz;éity utilisation and keep our plant
and machinery productive and available for use.

f) Cost reduction and control: For an on-going production system the role of cost
reduction is prominent because through eftective control of total cost of production, -
we can offer more competitive products and services. Cost avoidance and cost
reduction can be achieved through various productivity techniques: Value engineering
is a prominent technique available for cost reduction. Concepts like standard costing:
and budgetary control help in monitoring and controlling the costs of labour, material
etc. and suggest appropriate follow up action to keep these costs within limits.
Monitoring and Feedback Control ‘
-_Inevery system, the actual accomplishment of objectives may not be as planned for
~ various reasons. It is therefore very important to monitor the actual performance by
measuring the dctual output or some performance indicators. Basic elements of
monitoring :ind feedback control—be it control of quantity, quality, time, inventory
Or COSt—- 1. : '
I Establih standards of performance or Lutputs.
2 Measure actual performance. , .
3 Compare the difference betweer the actual and planned. . .
4 Take appropriate remedial actions by changing inputs revising plans, changing
priorities, expediting the progress etc. :

Design of an appropriate feedback control system is therefore vital for all .
production/operations management problems. Control is complementary to pl'annmg.
Without monitoring and control, planning niay not be effective; without planning,
control may not be effective. Thus planning.and control are two sides of the same

COin. ! . o | .
In the design of control systems, we should consider cost-benefit aspect of control in

mind. If cost of control exceeds its benefits. it becomes counter-productive. Thus
selective controls must bé exercised employing the exceeption principle or Parcto’s
Law. A more effective control could be self-control or cybernetic or steering control
butit may be difficult to design such controls in a large and complex organisation.

Need for Updating and Review of Decisions '

When we plan or design our production system, the process of plannmg assulmes. e
certain external and internal environment or work. In a dynz{m!c system Fhemnmyfu
changes in the environmental parameters which make our previous decisions out
date and irrelevant. In such a situation, we nced to review, revise and update our

decisions. For example, we may switch over to group technology l.a'yout from existing

process type: we mav add gedelepg our prodyg
Y gt Qi . —

(C e gy



design in the light of newer types of matenals that have developed or on the basis of
feedback from customers etc. - e
Itis a good practice to incorporate periodic reviews and updating as a part of our
system so that our decisions are relevant to the prevailing circumstances and are
compatible with the external environment. Thus, we should be able to revise all the
previously stated decisions should the ¢ontingency of the situation so demand.

1.5 TYPES OF PRODUCTJON SYSTEMS

Looking from a different point of view..the entirg problem of production/operations
management can be-yisualised as that@t}'ﬁmanaging the ‘material’ flow into, thraugh,
and out of’ tﬂ%"p_‘vg ttion system., If v%ﬁtry to detail out the flow characteristics inside
thé dSHviION SYSRmE, we siall findiffiat some systems have very smooth and
stretifilined flow; so&others may hawe more complex flow characteristics. In
‘senée4ll the more corﬁ"ﬁl_él)"i’ Retbw ¢

b fibsw cltiracteristics inside the system, the more
difficult it becomes to mange
characteristics, the produ¢ifigirs!

O
P ) L. : .
bl systert. On the basis of material flow
) fian ok
categories:

ystem can be grouped into the following four

a) Mass production or ﬂ‘oﬂ‘v;‘l!ine g(odut}tion sj{s;g:m‘ : '
b) Batch production system :

¢) Job shop '

-d) Unit manufacture of projects.

The main focus of production management problems will therefore depend upon the
type of the system. Problems which are very crucial for' mass pmductidn'may not be
relevant for batch production and vice-versa. Itis therefore very important to identify
the type of systems we are managing and then focus on main problems of planning and
control relevant to that system. A bricf description of these problems are given in the
following sub-sections. Figure IV shows the flaw characteristics of a typical

production system. .
Figure 1V: Materizl Flow Characteristics of A Typical Production Proeess
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Source: Meuipaz, E. 1984. Essentials of production,énd Operations Maﬁagémeni. Prentice-Hall Inc.:
Englewood-Cliffs. ’ - : :




Mass Production or Flow Line Production Systems

“Fhese systems have simplest flow characteristics constituting straight line flow.
Fucilitics are arranged according to sequence of operations where the output of one
stage becomes input to the next stage. The whole system is cascaded.

Mzjor production mznagement problems in mass production systems are—balancing
of production/assembly lines, machin’é maintenance and raw materials supply. In a
production line consists of the series of production centres, it workload is unbalanced,
then the most bottle-necked production stage will govern the whole output raie. This
will result in increased throughput timg and poor capacity utilisation thus contributing
to low productivity. Hence a production or assembly line should be designedsuch that
its workload is as evenly balanced as possible. Maintenance becomes important-
because if anv production stage is-under Breakdown it will block the whole line unless
quickly restored back into operational effectivengss. Rywmateria) 1o first stage is
important to avoid shortage and subsequent starvation ot the whole line.

There are methods and techniques aviftlabié' t6 attend o the above mentioned
problem arcas. Some of these will be discuss¢dPNG later unit on operations planning °
and control aspect of mass production svstetft /01 ‘ '
Batch Production System , :

If a variety of products are made with-relntively small volumc of production, it may
not be possible to layout a separate line for each product. In such cases, batch
production concept is adopted when a product is made in a certain quantity called as
‘batch quantity” on a machine, and after a while it is discontinued and another product
is scheduled in a certain batch-quantity. Thus various products compete for the share *
of a machine. The machincs are for gencral purposes. Material flow in such systems is
more complex than in mass production systems. Accordingly, the planning and
control aspects are relatively more difficult. Some prominent problem areas are:

a) Optimal layout planning for the production system;

b) Aggregate production planning to absorb demand fluctuations economically;

¢) Machine-job ailocation problem;
d) Determination of economic batch quantity; and
¢) Scheduling and sequencing of vperations.

Production control assumes significance in such systems as the status of progress of
various products must be chased up and cffectivelv monitored.

Job Shop

A job shop does not have its own standard product but accepts whatever customer
orders come in. Thus it is essentially a group of facilities and processes a wide varicty
of customer orders in varying batch sizes. Each order may be a new order requiring
process planning, tooling and sequencing. Material flow in job shop like situation is

“quite complex. A dynamic job shop where even customer orders come in a random

fashion is a very difficult system to analyse at least from the point of view of
production, planning and control. The main problem is despatching priority rulc to
determine the sequence in which various waiting job orders are to be processed on
manuficturing {acilitics. For example, a production manager may scquence the job
orders on the basis of the short processing time (SPT) rule. The job requiring smallest
operativn time gets tcp mos( priority in order-scheduling. From analxtical point of
view a job shop can e treated as a network of queues and the waiting line models or
simulation techniques can be used to analyse it.



- Unit Mansifacture or Projects _ N
Suppose we want 1o make a ship. Obviousiy duc'to nge size of the pf;)duct. the ?n‘t}‘.k(c; _
concept of materiai flow should change. In the previous three cases the m:«mp:owa-‘{rgr’\ i
facilities were fixed and product {ormaterial) was moving frgm place to pl'ucc.r H‘C’S‘ :
product remains fixed and manpower facilities put work on it some chosen sequence.

1 N . o H ‘, wye .
Since such products are not made in large number and have long lhfoughput time, we
wine. scheduling abd monitoring

can treat cach product as a project. Thus projeet plai ingand onbo™

i 4 . . - . |
technigues based on network modcls such as PERT/CPM can be used for planning
! .

and control ot such [—wrrutl}lf‘ilipnVsystct'x\. B L .
1.6 MANAGEMENT OF MATERIALS IN PRODUCTION - .
~ SYSTEMS R

As mentioned previously, problems of production,management essentially concern
management of material flow into, through and out of the system. This makes
materials management a vital subject + Sfrroexnaterials constitute an extremely .
important and costly resource to a production system, an improvement in materials
productivity will lead to overall improvement in systems performance and cost
reduction. '

Role of Materials Management : \

Materials in Indian context constitute more than half the total cost of production in
most industries and projects. In some industries 60-70% of total production cost is due
‘to materials. This makes materials management the biggest single area having
tremendous potential for cost reduction. A well coordinated materials management
programme may lead to 15-20% cost reduction.

If inventories are taken as an index of matcrials management effectiveness, then there
is so much that can be done to cut inventories in Indian industries. If inventory is '
viewed as ‘usabie but idie resource’ then we can also call it a ‘necessary evil’. Our
materials planning system should be such that we are able to ensurc adequate supply
of materials to meet anticipated demand pattern with the minimum amount of capital
blocked in inventories in a non-productive manner.

Need for Integrated Approach to Materials Managementi

To be most effective, our desire to maximise materials productivity must aim at
getting most out of every rupee invested in materials. This calls for a well coordinated
and integrated approach towards various problem areas involving decision-making
with respect to inaterials. It can be seen for cxample that the inventory in the system
can be lessened by reducing uncertainties in demand and supply; by reducing
procurement lead time, by reducing excessive material varieties through
standardisation, codification and variety reduction programmes—Thus development of
reliable sources of supplies to have ‘just in time’ supply will.reduce inventories ‘
substantially.

Other important areas to improve efficiency on materials management front are:

a) Value analysis, purchase price analysis: In this we want to put right kind of material
through competitive prices to reduce the material bill. Value analysis aims at getting - -
the required function performed at minimum cost and therefore value analysis - -
technique has a major role in materials related cost reduction.

b) Materials handling: Materials handling provides place (location) utility only.
Otherwise it does not add to functional or esthetic value of materials but'is an element
of cost. Thus our aim should be to design systems of production and storage to
_minimise the costs associated with movement and handling of materials.

| 4 ~—
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c) Inventory control: Here we try to Plan our procurement actions so that we can get
the demand satisfied reasonably wel} without having to stock (in inventory) too much

of materials. This is avery well discussed problem area in literature on materials
management. " - ‘

d) Stores management: Stores function looks after physical custody of materials. By
proper planning of layout, Storage materials and issuing policies we can ensure faster
service so that itéms demandcd by production can pe supplied without delay.
Avoidance of pilferage, Wwastage and storage losses are also important aspects of stores *
management, '

so be considered as a bdrometerof materials productivity. If materials waste i
minimum, productivity of materials improves. ’ o

) Waste management: Matefials Waste-must be minimised if not eliminated. Waste
can al

An integrated approach to materials management must look atall the above _
mentioned problem areas in a coordinated manner with a view to maximise materials

management effectiveriess. i - e
' e e v~ FigueeVe Product Life-Cycle '
sensanba
ey B
: Product
Product A
| [
- \
Maturity I \
Volume o |-~ \
° Growth /.| . 1 \
; b ’
. A /
o o
, | ) ,/ | Décline
/ - ! 7/ |
L a0® e ’ / ’
d\“é\ I -, |
\‘\\‘ ) /1 |‘ . 4 |
] | v ]
. | P | ,
" 1.~ / .
¥ 1 1 —-
; ; L . ! //
Time '

;

1.7 CONCEPTS IN SYSTEMS LIFE-CYCLE

The life-cycle concept or ‘womb to tomb’ concept draws analogy from living
organisms. It assumes that every system (product) has a definite life-cycle and it
passes through growth, maturity, saturation and decline phases. Figure V shows a
typical life-cycle of a product. Similar pattern could exist for the entire production
systems. Life-cycle concept enables us to understand various decisions and their

- inter-dependence in a better perspective. For example if some of the strategic
decisions like product selection or plant location, which are made at the early stages of

product well in time can cause long-term survival of the organisation even if individual
products follow life-cycle pattern. Life'span of a product may vary from few months
(such as fashion goods) to few decades. '



Stages in Systems Life-cycle

Figure VI shows the eight stages of the system life-cycle along with the associated key
decisions to be made at each stage. Some of the initial decisions like product selection,
technology selection, location and layout selection are of stratezic importance. Once,
‘the system has achieved steady state—most on-going organisations we work inare
probably at that stage-—then most problems of operations management &rc of '
tactical or operational nature. Short-term planning and centrol and cost reduction |
strategies are the main focus at that stage. The steady state experiences minor
perturbations due to external and internal factors. Moderate level changes can be
accommodated by updating and revising of the previous decisions. When the system
cannotadjusttoeven majorrevisions duetoextreme changes'in externalenvironment,
then the systems must come to end-through liquidation or through sale or merger.
Termination or pha$iqgf«3:114(.}£ ppcrzx}ig)ns may be sometimes deliberate.

IR

Life-cycle Costing "~ *’ /

A very important concept in costing has emerged in recent years—that of life-cycle
costing. It says that when we evaluatetie cost imptications of our decisions we should
not consider the short-term cost alone but the entire costs during the life-cycle of the
system and equipment. Thus long-term cost repercussion must be examined rather
“than immediate short-term alone. Such a concept may change our perspectives and

Figure VI: Stages of Life-cycle and key-decisions involved

- Stage . Key-decisions ' *
11 Birth of the system l 1 Identification of corporate goals; selection of the product
\ , . ) :
2 Production design and pro- 2 Technological design of ‘product, selection of manufacturing
cess selection technology sequence of manufacturing
3 Design of the production 3 Facility location/layon}, Design for quality, Demand forecasting
system : —
¥
4 Manning the system . 4 Job structuring allocation, as'sigﬁmciit ‘inethods design, work
" measurement, payment systemi ' ’
5 System start up 5 How to overcome initial problems, how to achieve full capacity
¥ ' ‘
6 System in steady state 6 Operational decisions, cost reduction studies, improving'system
I performance to look after day-to-day problems
¥ .
7 Revision of: the system 7 Updating various decisions in the light of -external “‘changes
] M)
8 Death of the system 8 How to phase out: salvage resources, sustain by starting new

product etc. . .

Source: Chase, R.B. and N.J. Aquilano, 1973. Production and Operatiori's Management: A Life;cycle
Approach, Richard D. Irwin: Homewood. : .

seemingly good decisions may not remain attractive if life-cycle costs are computed.
For examplie while purchasing a machine, the short-term cost may:me’an«onl)"’iriiti‘al '

_ purchase price and we may be tempted to buy-a cheaper equipment or machine. It-
 may hqwever require too much repair, maintenance and’operatin‘g*expenses';‘If‘all‘
these costs-including initial costs are compared during the life-cycle of the machine,
we may find that an expensive machine with very little maintenance repairand
operating cost may be preferred alternative over initially inexpensive but - At
‘costly-to-maintain’ machine. Thus while making impo:tant=decisions'regarding' design:
and planning aspects of production systems We should consider life-cycle costs. These
could even be converted to present values by discounted cash flow techniques, °
accounting for the time value of money. .




1.8 ROLE OF SCIENTIFIC METHODS IN OPERATIONS
MANAGEMENT e

Metl.nods\andtechniqués of scientific management have tremendous role to pléy in
helping us to make rational and logical decisions in the context of production and
operatiohs ipanagement. Through scientific methods, tools and techniques of: .
-industrial cn,g_ineering and operations research along with ‘behavioural science we.can
look at all facéts of the prablems and evaluate the consequences of our actions before
arrving at a decision- These techniqués thus reinforce the subjective or intuitive

judgement and contribute to better mariagement. ‘

The Role of Industrial Engineering S »
Ind‘lan Institution of Industrial Engineering (IIIE) has adopted the following_ .
definition of Industrial Engineering: ' B ' A

f‘Industrial Engineering is concerned with the design~,~.impi"ovemém:andfins(éllatio'n of"
integrated systems of men, materials an 'equipment: It draws uponépecialised
Knowledge.and skills.in mathematical, physicakand social sciences together with the
principles and methods.of engineering analysis.and design to specify, predictand = -
evaluate the results to be obtained from such- systems.” \

It can thgrcfprq be seen that industrial engineers.are designersof management - .
systems and industrial engineering approach integrates varfous approaches such as 3
operations research, systems analysis, behavioural science £tc. towards the integrated.
design of ofganisations. In this book many industrial engineesing tashmiques will be
used in various units which helps us in better management of production SyStemsne

The Role of Models _ . R
Models are representation of systems with a view to-explain certain aspects of system's
behaviour. Generally a mathematical model is preferred in decision-making because it
tries to explain system’s objectives and function in terms of decision variables subject
to our control as well as non-controllable parameters due to environment or resource
constraints etc.. Thus a simplified form of a model is: ‘

—-—

E = f(X,'.Yi)

Where E = Measure of effectiveness or objective function
: X; = Controllable (decision) variable, j=1...n
Yi = Non-controlfable parameter,i=1...m

Thus a model provides us a cause-effect relationship so that we can evaluate our ..
alternative courses of action on tli'e" basis of our objectives and choose an optimal (best .
under the circumstances) strategy to maximise our effectiveness. Thus models provide -
a valuable tool to compare our options.and thus improve the guality of decisions and -
provide us a hetter insight into our decision process. However, it must be noted that
models are a means to achieve an end (better decisions) and not an end in itself. We:
must choose a simple, valid and logical model of the decision situation. A'large
number of model based techniques have been developed in the subject called
‘Operations Research’ (OR) which help in mathematical conceptualisation of many
decision-making problems relevant to production/operations management. Some very
ver: atile and powerful techniques like linear programming, queuing theory and
simvlation have been applied extensively to study various problém areas in production
— management. Some of these will be described, though briefly, in appropriate unitsin

@ this book,



- .

The Role of Computers . , v ,

In a large sized problem, 2 computer becomes a very efficient tool in problem solving
and evaluation of alternatives. A-big size linear programming of simulation ptf)blem
can be efficiently solved on‘computers. Due to.fast developments in computernng
facilities and application software, many OR models can be implementedvia
computers. Computers also have tremendous role in management information
systems to provide useful, relevant and timely information for planning, monitoring’
and control of production systems—thus providing decision support through
information. ‘

The Role of Behavioural Science -+ :

Since people,’érel integral part.of our. production system, understanding of human
behaviour is very important so that managers can evaluate thc consequences of their: .
actions on human relations, morale, motivation and productivity._Supervisor’s
relationship with his subordinates, organisation structure, individual and group
behaviour, work habits and, attitude, incentives. participation in decision-making
pcrforman'c'é',_‘z’lppfafsjhl systers have impact on' worker morale and motivation. -
Behavioural science provides us some insight on these aspects and therefore has arole

to play in production and operations management.

1.9 BRIEF HISTORY OF OPERATIONS:MANAGEMENT |

Historically speaking. the field of operations management has evolvedina very short
span of time. Its roots. however go back to the concept of ‘division of labour’
advocated by Adam Smith in his book “The Wealth of Nations’ in 1776. In 1832,
Charles Babbage. a mathematician extended Smith’s work by recommending the use.
of scientific methods for analysing factory problems.

However, the era of scientific management as itis now known started with‘the work of

F.W. Taylor in 1878 who subsequently came to be recognised as thg_‘thh@x of .
Scientific Management’: Taylor is ;reditﬂéd with recognising the potential

improvements to be gained from dnialysing the work content of a job and designing the g

job for maximum efficiency. His experiments conducted on the shop floor, brought..

of scientific mabagemént"ih the following way: o
a) Developmentofa science for each element of a man’s work thereby replacing the
old rule of thumb methods.

b) Selection of the best worker for each task and then training and developing the
workman on individual basis.

¢) Striving for cooperation between management and the workers to simultaneously
obtain both maximum production and high worker wages. '

d) Dividing the work between management and workers sO that each is working on
what they are most proficient in doing. :

Taylor described his management philosophy in a book “The Principles of Scientific
Management” published in 1911. This event, more than any other, can be considercd
as the beginning of the field of Operations Management., The colleagues,

contemporaries and followers of Taylor were many and included the following people.

Frank Gilbreth and his wife Lillian Gilbreth are recognised for their contributions to
motion study. Gilbreth developed the concept of ‘Therbligs’ and ‘Chronocyclegraphs’
for motion study in 1911, Lillian Gilbreth wrote lier book “The Psychology of
Management’ which was one of the earliest works concerning the kuman factor in
organisations. '

Y
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In 1931, F.H. Dodge, H.G. Roming and W' Shewhart dé&él(;béd the concept of
sampling inspection and published statjstical tablgs. Earlier in 1924, W. Shewhait
plon.eert.ad the concept of statistical quality conirol and developed control charts for
monitoring the quality of production processes. . '

In 1933, Elton Mayo conducted his famous experiments at Western Electric’s ,
Hawthorne plant looking into human and socigl aspects of work. This paved the way
for the ‘behavioural school’ of management. Mayo felt that scientific management
often emphasised technical skills at the expense of adaptive skills. Some other notable
developments in these lines include the concept of ‘managerial grid’ developed by a
Robert Blake and Maslow’s hierarchy of needs and Dou ghlas McGregor’s Theory X

. and Theory Y in management. ‘ ' : .

In 1937, L.H.C. Tippett developed the concept of work sampling to gauge the level of
machine and manpower utilisation and for setting work standards.

In and around 1950 two major developments that infiuenced operations management
were the emergence of techniques of ‘Operations Research’ beyond military context
and developments in engineering offered by L.D. Miles. The OR is application of
scientific methods to study and devise solutions to managerial problems in
decision-making. Using mathematical models and the systems approach OR

has helped solve resource allocation, scheduling, processing, inventory, location,
layout and control problems. Techniques of value engineering helped in efficiently -
identifying the unnecessary costs so that products and systems could perform their
function at minimum costs.

Developments in computers led to computerised applications of Industrial
Engineering and OR techniques to production management problems. Developmer.t
in MIS and DSS (Decision Support Systems) provided a further fillip to the
developments in operations management. In 1958 the concepts of CPM and PERT

were developed for analysis of large projects and since then a number of network
based techniques of pro ject management have been developed.

In the late 1950s scholars and researchers in-the field began to generalise the problems.
ahd techniques of manufacturing management to other production organisations such
as petroleum, chemical and other process industries leading to the emergence of the
concept of ‘production management’ as a functional management discipline. In tl}f:
late 1960s the concept of ‘Operations Management’ expanded to include the service
sectors as well. Only recently the service sector has received as much attention as

" production sector from the point of view of scientific management of systems

. operations.

£l



Systems approach taking a holistic (integrated) look. at the problems of operating
systems emerged in the 1970s which considered the mter:play qf yarious sub-systems
in organisations. Developments in the computer simulation of mtegrate‘d »
production-inventory systems are some of the current thrusts 1n modelling of
production management prqbl'ems. ‘
In the mote recent past there has been a xpajor thrust on ttte ac‘loptlon of aparx’e§e '
management techniques like the ‘just in time (JIT) system’ or }(anbaf} system for
rroduction scheduling and inventory control and the concepts 10 quality circles (QC). .
These concepts have apparently-done well in Japanese conF?xt t.)ut should be .
" cautiously adopted in other situations only if extg;pal workj;epvnronmgnt an_d wor
ethos make them appropriate elsewhere t0o. Other notable dgvelopmems in recent o
past have been group technology (GT) or cgllular -m.anufacturmg systems (CMS), flexible
manufacturing systems (»FMS’);-computex;md_e,d-desxgn/manufacturmg (CAD/CAM)

etc. Thus future of operations managements 100ks bright.

1.10 SUMMARY

This unit has attempted to give a general-overview of operations management. A
systems approach treating each operation as a value addition process has been
described. The concept of operations management includes both the production of
goods as well as services. Operations as the conversion process have been identified to
be central function of virtually every organisation. Value is primarily added to entities
by changing them directly in space, in time or in our minds. The important
characteristics of conversion process have been identified as its efficiency,
effectiveness, quality, lead times, capacity and flexibility. Objectives of operations
management may be in terms of customer satisfaction or performance objectives as
well as cost objectives. -

Various decision areas have been categorised as strategic or operational decisions,
periodic or continual decisions and various problem areas have been listed under each
group. Management of production systems depends upon the structure of the systems
and complexity of material flow and accordingly the production systems can be,
classified as mass, batch, job shop and project production systems., The characteristics

' of each of these systems together with the relevant production management problems
have been highlighted. Role of materials management becomes crucial as materials
are responsible for more than half the total cost of production systems. An integrated
approach involving coordinated efforts to attempt various problems of materials
management is emphasised.

Life-cycle approach to products and systems provides a good insight into the key
decisions at every stage and concepts in life-cycle costing provide new perspectives to
decision-making. Role of scientific techniques of industrial engineering, operations
research together with behavioural science and computers is outlined. A brief
unit-wise overview of the plan of the book is given so that the relevance of varicus
units to the common theme of the book can be linked.

Finally, a brief historical profile of the subject from the era of Taylor to modern times
including modern Japanese management techniques provides a synoptic view. of the -
growth and development of the subject. :



Behavioural science: Systematic study of hunan behavnour

Batch production: A productron system between mass and ]Ob shop. A number of
products are made in batches on the manufacturmg faullty

l Control A management functron aimed at ensuring. that actual performance isin \\
| accordance with the plans formulated to achieve its objectives. -

' Conversion process: Transformation of inputs to outputs thereby leadmg to value -
4 addition.

(]

" Ergonomics: Branch of technology concemed wrth the problems of the mutual
adjustment between man and his work. :

External environment: Comp'nses external surroundmgs in whtch an’ orgamSatron
functions and which has an lmpact on its performance.

Feedback: The process of comparmg‘the actual per‘formance imd t’lte plarmed one in
—order to initiate action for (fontrol purposes

Inputs. All:types of resources required by the conversion process for producmg goods :
or services.

Inventory: Usable but idle resource. )

Job shop: Manufacturing of varieties of productsin small batch sizes accordmg to
customer orders. :

Lead time: Total manufacturing (procurement) time in completing the production
after initiating the work. It is a measure of how quickly the output can be produced.
Life-cycle: The cycle of birth-growth-maturity and decline ofa product ora system
Management: The process of planning, orgamsmg\drrectmg and control. - -
Mass productlon. Making of a single product in very large quantities so that facilities

- can be arranged accordmg to sequence of operations for the product.

Model: A representation of reality intended to explain some aspect of it.

Monitoring: Process of measuring actual performance or progress of work for the
purpose of control.

Opefatrons. The process of changmg inputs into outputs It is a purposeful function
vital @ virtually all organisations. /

Operations research: Application of scientific methods, tools and techniques to the
problems of decision-making in order to find optimal solution to problems.

Organising: Allocating human and material resources in appropriate combination to
implement action plans. It defines tasks, structures and then allocate resources.
Output: Final product or rendering ot a service.

Planning: Determmmg what is to be achieved, setting goals and identifying means to
achrevethem

Production: The process of creating goods and services (synonymous to operation).’
Productivity: The efficiency of conversion precgss expressed as output per unit of
input.

Project: A set of tasks having sequentral dependence with a defrmte starting and
ending point. .
Quality: A composite of characteristics that determmes the extent to whrch a product _
or service satisfies the customer needs.

Schedule: A time table of production system indicating the ttme when a. partrcul;r ]ob
will be processed on a particular machine. / Ve e SO
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Sequence: The orderinw

hich waiting jobs are to be pr: anachi
facility. ‘ 8 obe pmcqsss.?d-:Q'-);:‘}-rm?d:’f‘.]g?r a

Service: A bundle of benefits, some méy be tangible and;'c;;hgrs ‘intahgiblef.-; -

Simulation: A techni i i
mul : que which feigns systems on paper or on comnuter i
describe system behaviour e erimorderto

- Systems: A purposeful collection of people., objects and-procedures tor opcrgtn\n’g'“ "
within an environment. IR S s
Strategic decisions: Important decis ons having long-term impact.

Value engineering: A systematic procedure to identify and eliminate aneées$§xy ébst’s_
" to provide equivalent function at lowest costs. ‘ :

13 SELF-ASSESSMENT EXERCISES

1 Identify the inputs; transformation process and outputs in the following operations
systems: AN : .
a) Manufacture of television sets
b) Bank
c) Hospital
d) Warehouse
e) Educational institution

2 At what stage of product life-cycle will you put the following?

a) Steam locomotive

b) Colour television

c) Bicycle

-d) Computer aided manufacture
¢) Automated warehousing

3 Identify the main objectives relevant to t'ic performance of the following
operating systems:

a) Transportation systemin a metropolitan city
b) Post office
¢) Factory making cotton textiles
d) Insurance company
¢) Construction of a house
. 4 Write True or False against the following statements:
a) Location of a plant is an important strategic decision '

b) Mass production system is suitable for products with large variety and
small volume of production.

) ‘i.ifficicncy and effectiveness are synonymous terms.

Jd) Productivity is a ratio of output/input.

¢, Feedback control is nut needed if you plan your operations.
< Describe four activities performed by the Operations Manager.
6 Does external environment affect the performance of a system?
7 List five symptoms of a poorly managed transport corporation.
8 List five symptoms of a soundly managed hospital.



9 Why is it more difficult to i S o - '
' ncrease productivity of a service s stem as
a production system? y y compared tn

10 Consider the following situation:

Yﬂou ha.v§ been asked to look inio the operations of a company which is in the business
Oi repairing and overhauling automobiles. Current practices have led to an extreme
amount of customer dissatisfaction due to very high waiting time, discourteous
beha.v§our of work force with the clients, poor quality of workmanship and high cost of
Tepairing automobiles. As a result the “ustomers have started getting their services
. elsewhere. The owner is very keen to iraprove the situation but he finds that his
peqple are not motivated by a spirit of service basically because of poor wages and
mdlfferept supervision. This operation i located in an environmentally alert
cominunity and they have also been complaining to the local'iunicipal authorities
that Fhe nasty‘way in which operations arc. ljandled and waste water disposed off. i
causing lot of inconvenience in the locality. The owner-manager wants pou hel in
!mproving the effectiveness of systems operations, yourhep "

:{Sc;]»(\; »:nll ycl)(g analyse the s?tgation? What further information you may need? Prepare
* short working paper outlining your suggestions to improve the systems operations.

|
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BLOCK 2 FACILITIES PLANNING

“This block on Facilities Planning has five units dealing with different aspects
impinging on facilities planning. Facilities here refer to production plants and other
facilities for service institutions like hospitais, colleges, canteens, airports etc. The first”
stage for facilities planning is selection of Product. The issues concerned with product
selection are thus discussed in the very first unit of this block (Unit No. 2). After
product (or type of service) selection has been made, one has to select the process
 (discussed in Unit No. 3). Where the facility should be located becomes the next
question. There are a lot of considerations which impinge on this question which are
discussed in detail in Unit No. 4. Once the facilities location has been decided, the
layout of facilities has to be done which has been discussed in Unit S. A mention is
also made of different materials handling equipment. Finally in Unit 6, capacity
planning is discussed. The related issues of demand forecasting and capacity
forecasting are also discussed. A number of quantitative or operations research
techniques have been referred to in this block. These techniques are not discussed
fully since their details would be handled in Course MS-7 and other courses to follow.




UNIT 2 PRODUCT SELECTION | opjectives by

After going through this unit, you should be able to-:

e recognise that all outputs of any organisation are services

.® appreciate Product Selection as one of the key strategic decisions of an&
organisation, wherein the organisation attempts to match its production with
changes in environment, changes in corsymer taste and changes in technology

e learn the concept of producibility and its effect on product selection

e identify the various stages involved in the product selection process

e have a brief idea of the new product mortality curve and the. message it conveys
about reducing research costs

o know the issues involved in screening a new product idea

e identify the trade offs involved in product design

e understand the impact of product design on process design.

Structure
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2.3 Selection of the Products
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2.7 Key Words

2.8 Self-assessment Exercises

2.9 Further Readings

2.1 INTRODUCTION

We have looked at operations as the process of converting inputs into outputs and
thereby adding value to some entity. This concept of value addition is very
important for effective management of the operations function. Although the
‘conversion’ takes place inside the organisation, the addition of value occurs only
when it is perceived to have done so by the customers of the product or service in
the market place. This concept changes the orientation of an operations manager
from totally inward looking to one who is alert to the needs of the customers. As

- we go on to.discuss the strategic decisions in operations management in the next
couple of units, this issue will come.up again and again and it is not out of place to
remind ourselves once more that it is not enough to produce a product or service
but it has to be produced so that there is an added value as perceived by the

market.
Although we differentiated a product from a service above, this differentiation

becomes very hazy and confusing. For example, if we are selling a computer, we are

selling a product of course. However, instead of selling the computer if we stait
leasing it to our customers—what are we selling now—a. product or a service? On
the other hand, so far as the customer is concerned—he is using the computer
exactly in the same manner in both these cases. The difference is only in terms of
payment and the legal ownership of the asset. Similarly, even when the computer is
sold outright, we are also selling after-sales service and other customer support
services along with the computer. Thus, we start se¢ing that so far as the customer is
concerned he is only buying some benefits in all these.cases and these benefits are
services. Services are bundles of benefits, some of which may be tangible and others
intangible, and they may be accompanied by a facilitating good or goods. If there
are no accompanying facilitating goods, e.g. getting a haircut, we will refer to these
Services as pure services.



All outputs of an organisation are services and in this unit we would take a deeper
look at output selectior:. Thus, although we have titled the unit as product selection,
‘we would like to pursue it as output selection keeping in view the service nature of
any organisation that we presented above. In what follows, the term product is
thus used in its generic sense and is meant to include services.

A Strategic Decision

Product selection is a strategic decision for any organisation. Such decisions are
long term decisions and the organisation commits itself to the product/products
selected for a long time to come. What products to produce—in what form and
wiih whar features—is very important because many other decisions—for example,
the technology <"t 1+~ capacity of the productive system, the location of the
production facilities, the o1ganisation of the production function, the planning and
control systems, etc. are dependent on this. The covipetitiveness and profitability of
a firm depend in part on the.design {md quality of the products and services that it
produces, and on the cost of productién. The design of a product or service may
mabke it expensive to produce and a change in design may make it possible to
produce the same in a less expensive way. Similarly, one design of a product

or service may require large and expensive additions to capacity of some process
whereas a change in design may make it possible to produce the same with existing
capacity. :

Product selection is a strategic decision, thereby involves other functional areas like
marketing, research and development and as well also the top management therein.
The operations management function provides vital inputs regarding the production
of the product or service in these decisions making.

" Producibility

The product selection process is a highly integrative process. Thus product function,
cost, quality and reliability are some of the inputs to this decision. The producibility
of a product/service measures the ease and the speed with which the output can ‘be
produced. - ' * :

The specialised equipment, specialised skills and specialised toolings, facilitate in
switching production from one product to another etc. and are thus important
factors to assess producibility. It is also important to look at the complete range of
products produced because a new product may either use the capacity of ' .
processes/sub-processes already established or may require the establishment of
capacity of some processes/sub-processes. A family of similar products is much
simpler to produce than a family of dissimilar products. :

2.2 THE PRODUCT SELECTION PROCESS

Product selection is an ongoing. process in any organisation. In fact, as the

environment changes, as new technology is developed and as new tastes are formed,
“ the product should benefit from these developments; otherwise what is perceived to

have added“va}ue;loday may not be perceived as such tomorrow. For example, jute

*_ has been in.use as a packing medium for a long time. However, with changes in

, te’chn»ology ahd consumer taste, the same product is no more perceived to have added
" value'and therefore, i:sAdémand has reduced. :

Product Selection Stages _ ‘

~ The process of _creaijing,!selecting, developing and designing the output of an

- organisation is shown in Figure 1. We will follow the same sequence in our discussion
. as well.‘ Output possibilities are generated . om many sources:



?) From the field itself through market research. This can take the form of
consumer surveys, dealer surveys, opinion polls etc.

" b) From research laboratories. This can be due to a breakthrough achieved by pure
research or applied research in developing new knowledge.; . - o

) Froxp conscious and formalised attempts to generate new ideas for products or
services. These ideas can be generated by using techniques like brainstorming,
panel discussions, scenario building, technology forecasting etc. o

",

Figure I : Stages of Bringing A New Output to Market
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" The output ideas thus generated are then screened where their match with corporate
objectives and policies is studied and their market viability is established. A detailed
economic analysis is then performed to determine the probable profitability of the
product or service. For non-profit organisations, this takes the form of a
cost-benefit analysis. This is followed by development of the product or service from
a concept to a tangible entity and finally by design and testing.

No Smooth Sequence

Althoygh Figure 1 depicts product selection as a sequential process where one stage
follows another, in reality, the process may not be so smooth as shown. Thus,
economic analysis may have to be done after output development if reliable cost
estimates are not available at the earlier stage. Similarly, new product features may be
added at any of the above stages, thereby initiating a whole new cycle. Finally, as
product selection is an ongoing process, there is no finality to the process since as
some new product ideas are being processed, still new ideas enter the output selection
process and this may go on and on. The product selection process therefore ensures a
continuous match between what isldemanded and -vhat is produced.



e designed along with the product

In sowae cases, the production process has als to o]
or service. This has to be done, for exampie, when the market viability of the
pre.duct depends on .uw cost and so the production process has to be decided along
with the product design. Or take the case of another product where it is félt - -
imperative to obtain a large market share right from the _i’nitjal launch. It may become
necessary jo establish a large capacity for the production process right from the'
beginning. The production process has to be désigned along with the product in such

‘& case.

New-1dea Mortality Curve NS L . ,
The préVidus section highlighted the fact ihat an output possibility has to crqss
several hurdles before it enters the market as a commercial product or service. The
new idea mortality curve presents the same in a graphical manner. Figure 11 shows the
mortality curve for a hypothetical group of fifty chemical product-ideas. Although
the product ideas are hypothetical, still the stage-wise mortality as well as the time
frame shown is quite indicative. Figure I1 assumes that after three years of research,
fifty poten.tial chemical product-ideas are available for consideration. Initial screening
reduces th is number to about half and after economic analysis, by the end of year
four, the 1aumber of potential products decreases to nine. The mortality of ideas
continues over time and by the end of five-and-a-half years, at the completion of the

proc‘iuct and process development stages, the number has already fallen to about five.
Desqgn and testing reduces this further to about three and by the end of construction,
-~ market development and commercialisation, just about one successful product is left.
Figure 11 is based on international experience, and situation in India has not been
tested grppirically. Thus, the mortality curve should be treated as an indicative
proposition in the Indian context. '

) ‘Fllure H K Ne_‘i Idea Mort-lity Curve From Research To Commercialisation For Chemical-Product udess
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The curve also shows that. converting product ideas into marketable products is a

slow process. For chemical products, on an average it takes six years to commercialise

a prod_uct a.ﬂer the initial research has been completed, as is shown by Figure II. At

the end of it all, a product commercially launched may not turn out to be successful

and the mortality may extend to the product as well.
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The actual figures in Figure Il are only indicative and within an industry firms differ
in the speed at which they can convert a product idea into a commercial product.
Some organisations are move innovative than others and they are always ahead with
more new product ideas. Similarly, some organisations are more risk-taking than
others and attach a high priority to being a pioneer with new products than others
who are relatively risk-averse and would like to do a mofé“ihorough job of
screening, economic analysis, product development, désign ard testing and would
perhaps also wait-it-out to see how some others have fared with similar products.

Activity A
In the context of your own organization, study the pattern regarding new idea mortality curve.

Though not mandatory, we would welcome if you send your analysis to the IGNQU School of
Management Studies. '
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Cost of New Product Ideas

The new idea mortality curve also points to another fact by implication. The cost of
pursuing different new product ideas till their abandonment is also to be borne by the
few successful products. This significantly increases the cost of new product

- development and justifies the rationale of collaborative research. The research and
development for a product is carried out at one place and later on the knowledge
gained is made available to the collaborating organisations, which are then free to
make independent product developments of their own. A similar concept holds for
our industrial research institutions in the government sector. For example, in the early
stages of development of the television industry in India, Central Electronic
Engineering Research Institute, Pilani {CEERI) developed an indigenous design of a
black and white television set and made it available to television manufacturingJ organisations for a-fee.

Activity B

Generate at least three new output ideas your organizations.




2.3 SELECTION OF THE PRODUCTS

At the tesearch stage, the pglonty should be generanon of new ideas. In lact, it:is
better not to-start the screﬂ’ihng process till a reasonable opportunity has been
““provided to genérate all néw ideas. This is because different thought processecs are
required Tor gegeration of new ideas and for a-rational analysis of the same.
Conslderauo 5f one new idea may generate a %eucr idea whereas an evaluative
analysissintroduced early in the process may hamper the creative process of idea
generation. Séﬂ'ne lechmques for idea genieration, for example, brainstorming, -
explicitly prohi n any analysis or crmcm;}%*(bagd on. analysxs) of suggested ideas at
the idea gen n stage. _

Once a number of pote,, i
. "lcct;the’ ‘best idea is set in monon This
F-# qualitative phase where the new product
",»gqhe ﬁorporgte objectives and-the corporate
strategies of! yeoma) is Hhore quantitative in the sense that
potential costs and revcnues\(or bene;fi;&)fr ne¥ied by new product are quantified
and an economic analysis is- ch‘oerﬂ;ﬁ; _iﬁﬂsh the economic viability of the new
product or service idea. P

can perhaps e
idea is studigak.in-

\\

Screening
" The new product orser .4 .idea is assessed to establish its market viability as well '~
as to find out if it id ’ﬁ:rge& corparate interest of the organisation to add this
new product or servxcc to the current outputs of the organisation.

e
A pfoduct or. service has to have sufficient demand or else it may not make much
sense to produce it at all. Of course, what is considered sufficient by one
organisation may be considered to be grossly insufficient by another. Also the
demand for a product or service:is dynamic and although the current demand for a
product or service May be assessed; to be low, an.organisation may still decide to

retain the new gutputidea for furthcr analysis if it assesses that the demand will
grow in future. For example, vacuum cleaners are still in the introduction phase of

their productlife-cyclé-in India and an organisation may select this as its product if
it assesses that sales will grow in the near future.

Acuvity C
‘Identify some pmducts -of your orgamzanon whnch are in the growth stage What are the
criteria followed in yaur organization to decide about new product/service introductions.
SN P
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‘Each organisation has some corporate strengths and wesknesses. New product or
service ideas should capitalise on the strengths and should attempt to reduce the

weaknesses to the extent possible. On the other hand, if one of the determinants of
success for a new product or service idea is already perceived to be a corporate
weakness, such a product or service does not have a good ‘fit’ with the strength and
weakness profile of the organisation. For example, if strong design capability is
identified as a corporate strength of an organisation then adding heat exchangers to
its list of products—which have to be custom designed and built is trying to exploit a
corporate strength. On the other hand, another organisation which has identified
design capability as one of its weaknesses would perhaps select centrifuges which are
standard products and offered off-the-shelf. '

It is important to realise that strengths and weaknesses are relative and also
perceptive. The same feature can be perceived to be a strength by one organisation
and as weakness by another. For example, low investment in capital assets can be
considered to be a strength since this gives the organisation greater flexibility in

product selection and adjusting to changes.in demand whereas the same can be

perceived to be a weakness when capacity cannot be hired from outside or the quality

of jobs got done from outside is unsatisfactory. What is important is to ensure that .

there is-a close match between the strengths and weaknesses of the organisation and
the requirements for the product or service to succeed.

In product selection, many organisations try to get synergistic results by exploiting

one or more of the following four factors:

i) Familiarity with similar products or services

ii) Familiarity with the same or similar production or transformation process to
produce the product ‘ )

iii) Familiarity with the same or similar markets or market segments

iv) Familiarity with the same or §imilar distribution channels.

Thus, it is perhaps natural for a firm manufacturing ceiling fans to include heat
convectors in its product list, wherein it can benefit from its familiarity with similar
production, process, similar market segments and even the same distribution channel.
On top of it, it can also reduce its weakness of having a highly seasonal capacity
utilisation.

The above discussion also highlights the fact that any new idea for a product or
service has also to be seen in relation to the effect on the existing products or services.
A new product may find a market for itself by cannibalising one of the existing
products. A new brand of a biscuit may create its market by a corresponding
reduction in demand of another brand from the same firm unless the two are carefully
targeted at different segments. = ; '

We have referred to the strengths and weaknesses of an organisation as relative, but
relative to what? Of course,relative to the competition. If there is no competition,
which is very unlikely, there is no need to match the product requirements with the
relative strengths of an organisation. For totally new products or services, even if
there is no competition presently, very soon competition will perhaps develop and it
is the desire to remain ahead of the competition that provides the motivation for

~ continuous inflow of new product ideas. Whatever be the relative strengths and

weaknesses of any organisation, it is very unlikely that an organisation can be
successful if its strengths are only in marketing, finance and other non-operational
areas. In fact for long term success, it is almost imperative that sound operations
management is one of the strengths of the organisation.



~_inedmes a new product or service id .z having very poor match with the existing
si-engths and weaknesses of the organisation is consciously adopted. This can happen
if the organisation feels that the existiny products or services have reached the decline
phase of their product life-cycles either on their own or due to some changes in the
environment e.g. government policy, introduction of better and cheaper substitutes,
changes in prices of some inputs etc. For example, when ITC Ltd. decided to
diversify into hotels, this new service idea did not exploit any of the four familiarity
factors which could have given soms syneraisiic results.

Economic Analysis’

An economic viability of a new product cr service idea ties up most of the concepts
that we have talked so far in quantitaiive terms tc the exient possible. What this
means is that the economic value of the returns must oxceed the economic value of
the costs incurred to produce the output. For cormmercial organisations, the
measurement of the returns and costs is relatively siraightforward and economic
analysis in a way becomes synonymous with ~rofitahility analysis. The cash flows
generated as well as consumed, if the new product o« zervice idea is implemented,
have to be estimated for the life of the project. However, since there is a time value
of money these cash flows cannot be ciiectly added or subtracted. So, the cash flows
are discounted to take care of the tims value of money and the net present value of
all cash flows is obtained—or cist the cash flows are used to find an internal rate of
return. The details of how to discount cash flows are discussed in the course MS-4.
Non-Profit Organisations

For non-profit crganisations, there may not be a cash inflow at all, or else the cash
inflows may occur at externally fixed prices. For such organisations economic analysis
generally me==s a cost benefit analysis, which is similar to the cash flow analysis
mentioned earlier but now the net present value of 2il benefits less that of all costs

is used as =n indicator of economic viabilitv. The benefits imply an addition of real
resources to t.: society as a whole whereas the ~osts imply using up real resources as
a result of implementation of the new product or service idea. These items of cost
and benefit are valued so that they reflect the social willingness to pay for the same.
Wherever free market conditions exist. the marke: prices can be used to value the
costs and benefits. On the other Haud, ecousamc prices are first estimated and then
used to value those costs an< “cnefits for which free market conditions do not exist.

.~onomic :nalssis s, therefors, much more difficult for non-profit organisations
than (v.v ~rc- - stions having a profit motive.

Activiiy . o
For a non-pro:it organizaticn like a hospital. consider the ways in which the services can be
costed or priced?

Acuvity E

Screen the ideas generated in activity B by you, considering the likely dermand and the
desirabiiity ¢f aading these out puis.




2.4 PRODUCT DEVELOPMENT
Product development concerns itself with modifications or extensions provided to
ideas so as to improve the functioning, the cost, the value-for-money of ¢he product.
Development effort improves the performance of the product, adds options and
additional features and even adds variants of the basic product. On the whole,
development effort is'innovative vis-a-vis research which is more inventive—the thrust

being on developing new product ideas, technologies and processes.
Development Efforts '

Figure III charts the development effort over time for a typical product. The figure
also shows the effort made for research to show the rel tive magnitude of effort as
well as the timing of the two. Development starts after research has established an
idea which has been examined, evaluated and ever refined. The development effort
rises initially as the performance of the product or service is improved and as the
product itself graduates to the growth phase of its product life-cycle. The
development effort still continues to rise but now the result is mainly providing
options. As the product reaches its maturity, the development effort has peaked and
thereafter gradually starts reducing. In this phase, product variants are developed and
offered so as to lengthen the life cycle. This is followed by extensions of the product
and Figure HI highlights the fact that product development is an ongoing process
which starts as the product is launched in the market and continues till it is
withdrawn from the market.

Figure 111 : The Development Effort Through The Product Life-Cycle of A Product
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Source : Meredith & Cilibs, The Management of Operations, Jchn Wiley, New York, 1984, p. 66

What is more impoitasit—research or development? Develpment can start only when
research has produccd & product or service idea which :s technically feasible and
economically viable, However, greater effort i expanded on development as
compared to research in most parts of the world today than it was, say 30 yewrs ago.
This is partly because the new products e.g. colour teievision, are more complex and
require longer 7o debug and to improve their performance. This could also be true
because research has become very expensive and organisations are under pressure to
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co.nmercialise research as early as possible, even before the product or service ideas
have been refined and debugged. But one possible consequence of this shift away
from research is that orgamsatnons make themselves vulnerable to technological
breakthroughs which can give rise to a whole new generation of the product or
service itself. The tradeoff between research and development is an |mportant
strategic decision for most organisations.

2.5 PRODUCT DESIGN

At the design stage, detailed specifications are provided so that manufacturing can
produce what has been designed. This means not only providing dimensional
specifications but even specifications regarding capacity, horse power, speed, colour
etc. are laid down and the task of manufacturing is to convert the design into
physical entities.

Product Variety

There are two distinctly different priorities that can affect the design of a product or
“a service. The higher the standardisation, the greater will be the ease.in producing.
On the other hand, customers have different needs and by adding variety, one can
satisfy more customers. Standardisation attempts reduction in variety and better use
of productive facilities, thereby achieving lower unit costs. If the demand for the
product or service is strong when the price is low, organisations will try to minimise
unit costs through standardisation and most of the competition will be based on
prices. There are other cost-related advantages due to standardisation. It simplifies
operational procedures and thus reduces the need for many controls. The
organisation can buy raw materials and components in bulk and thus get quantity
discounts. It enables steady flow of materials through work. centres.and thus reduces
the number of production set-ups related to change in flow, It reduces the total
inventory of raw materials, work-in-process and finished goods. Finally, since the
effective volumes become larger as the variety is reduced, high-volume production
methods become viable thus giving economies of scale in production itself. '

Standardisation is a very useful concept but production needs have been given the
highest priority in this scheme of things. This may be a ver);- good approach to’
product design as long as cost is the primary basis of competition. Otherwise, one can
‘design a product to suit the diverse needs and tastes of the customer. All watches are
meant to disﬁlay the right time but still a company like HMT has hundreds of models
of watches with different movements, dial shapes, sizes and other features. By adding
variety, an organisation attempts to satisfy the varied needs and tastes of its
customers and competes on non-price considerations as well.

One method used to obtain variety or perceived variety and yet .held down cost 1s
through modularisation. A product is designed using modules or sub-assemblies that
are interchangeable and each dlfferem combination of modules gives a new variety of
the product. For example, two different movements, three dial shapes, two dial sizes
for each shape and three different colours will give 2x3x2x3 i.e. 36 varieties of
watchﬂs yet making large quanmlcs of standard modules. —

Desigr snmphﬁcanon attempts to simplify the design so that the product or its parts
becdme simpler to produce. Thgs might mean combining two or more parts into one
so that some assembly operatioc!ls are eliminated. In some other situation, this might -
involve replacing screw fastened parts by parts which can be snapped tight in place
without any fasteners. Design simplification gives pay-offs in terms of lower
production costs and in some cases by lower material costs as well.

|

!
|



Activity F
From the experience of your own organizations or your general experience identify s;ome ﬂrod—
ucts Wthh follow a modular design approach.

Structuring of Options . 7 7 | !

Options provide variety to a product increasing its attractiveness to a speétrum of
users while retaining operations as simple as possible. We can see optioned products -
everywhere—from computers and office furniture to automobiles and n?achme

tools. Even services have options built-in, for example in vehicle m‘;ura,hce

Structuring the options is a major part of making a product line competmve when
not competing on costs alone. However, options bring in their own cpmphcatnons as
well. For example, pricing becomes much more complicated since eafh option may
not have the same margin. A lot of sales effort is required explaining options or
determining what the customer wants and it complicates the customer’s choice.
Options also give the customers an opportunity to change their mind and this
creates additional difficulties where the product is made-to-order. All options are
not used to the same extent and low-usage -option parts become hard to plan and
ccontrol-when mixed with a high-usage option part. j

CAD/CAM . J

A part ¢an be computer designed (computer~alded design) and 1(s fabrication
instructions can be generated by computer-aided manufacturing (CAD/CAM). -This
has the advantage that the manufacturing equipment is not tied up for long penods
during setting up time. Practically all the preparation time is in programming where
detailed instructions regarding the physical task to be perform,ed and the sequence
in which these have to be performed are written into a programme which can be
read and executed by a computer having the machine tool or/any other ‘
manufacturing eqixipment under its control. This then allowz/ for very small batch
sizes without losing ‘on economy. Finally, because information regarding the design
and the manufacture of the product and component is available on computer files,
it is possible to use the data together with other information on materials, tools,
etc. for production planning and control purposes thus aclylevmg computer-
integrated manufacturing (CIM) that has great importance; for the future. CIM _
is not yet a reality, but is certainly the direction toward wl’nch manufacturing in
some industries is proceeding. '

{
I

Design Characteristics and Tradeoffs i

By now it should be quite-clear that there are many prbduct features which can be
affected by product de5|gn In fact, Operations Management normally has a major
role to play while final product characteristics are set.

The kev elements to be considered in product design are"

a) Function: the new design maust properly meet the recipient’s need and perform the
function for which it is designed. |

b) Cost: the total cost incurred in producing the new design should not be excessive,
else that will affect its demand. j

¢) Quality: the quality of the new design should be as hxgh as possible, within the
constraints of the cost. Quality can cost money and excessive quality will increase the
cost and reduce demand, whereas inadequate quality erl affect the performance and
lead to complaints and fall in demand /



d) Reliability: the new dssign should function normally without failures for the
expected duration. This is more important for complex designs involving many
elements and the design must providc for redundancies and high reliability of
elements so that high system reliability can be obtained.

The other elements which are also important in a product design, perhaps tc a lesser
degree are: o ‘

) Appearance: if the new design can be made n.ore attractive, without sacrificing on
the other attributes, that is only likely to improve the demand. The relative
importance of‘appearance varies from product to product and in many industrial
‘equipment, it may have a relatively small effect.

f) Environmental Impact: the new design should not degrade the environment.

g) Product Safety: the new design should no: pose a hazard to the recipient.

h) Productivity: the new design should be producible with ease and speed.

i) Maintainability: this is particularly applicable t» consumer durables and industrial
equipment. If-a failure occurs in the equipment, it should be easily repairable with a
minimum of down time.

§) Timing: this is particularly relevant for design of services. The service should be
available when desired by the recipient.

k) Accessibility: this element is also applicable to services. The recipient should be
able to obtain the service without difficulty. The last two factors are important for
design of services since services cannot be inventoried.

In both product and service cesign, many alternatives usually exist that will meet the
basic function of the output. The design task is to recognise the major characteristics
of the demand and to carry out a detailed analysis of the tradeoffs available among
the various design alternatives, so as to meet the needs of the recipients as closely as
possible. Sometimes, when the needs of the recipients are diverse, design will produce
different models or versions of the same basic product to satisfy the needs of _ '
different segments of the market. This-can be seen from the various models of
television produced by almost every television manufacturer or the ecoromy and the
executive classes of air travel offered by Indian Airlines.

The Impact of Product Innovation on Process Innovaticn

The design of a product or service has very close linkages with the design of the
process required to produce it. In some cases, the product design itself becomes
feasible only because of technological innovations. Throughout the product life-cycle,
the process of product development goes on and we have looked into this aspect in
section 4.4. It has been found that similar innovations take place in process design as
well and this is shown in Figure 1V below. :




Figure 1V : Product And Prc:»st innovations i the Life-Cycle of a Typicai Product-
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Figure 1V shows that in the first stage, product innovations are primarily
need- stimulated and the smphasis is on maximisation of product performance.

The process is typically uncoordinated in this stage and process innovations_ are
primarily output-rate stimulated. Product innovations are gradually decreasing while

process innovations pick up at this stage.

I stage two, both product and process innovations are technology-stimulated. The
productive system design’ emphasises cost minimisation as competition in the market

begins to emphasise price. Process innovations start dominating over product
innovations as they yield greater reduction in cost.

The product or service has reached maturity and saturation by the third §tagc and
innovations are stimulated primarily by cost considerations. The productive processes
become highly integrated and product-focused operations try to achieve economies of
scale by having integrated lants of large capacities.

2.5 SUMMARY \

We have looked at the processes of bringing new product and services t¢ the market
in this unit and the role of operations in that process. We identified all cutputs of an
organisation as services, son.2tivies along with a facilitating good and sometimes
without that. Product seie ciion is a strategic decision for the organisation and the top
management as well as funiction: iike marketing, R & D arnid engineering have a role
in the making of product selection decisions.

We looked at the stages involved in bringing new output from an idea stage into a
tangible entity in the market. New product ideas are generated through market
researc’:, research laboratories themselves or conscious, formalised attempts. These
ideas have a very high mortality and the new idea mortality curve showed that hardly
1 or 2 per cent of all new ideas are carried through to the market.

New product ideas are first screened for market viability and their fit with corporate
strengths and weaknesses. These are then subjected to an economic analysis. New
product ideas are then developed, features are added or dropped, vanations
introduced and the product is finally designed and tested for a commercial bunch.



Product designs attempt to introduce a product having characteristics as close to what
is desired by the customers as possible and this involves tradeoffs between elements
like the function, cost, quality, reliability and others like producibility, = |
maintainability, product safety, environmental impact, etc. Finally, we found that-
product innovations and process innovations are closely linked to the life-cygle of the

product itself.
2.7 KEY WORDS

Producibility of an output refers to the case and speed with which the output can be
produced.

New-Idea Mortality Curve shows in a graphical form the number of output ideas
surviving after each of several hurdles till the ideas get converted to outputs and enter

the market.

Product Development refers to modifications or extensions provided to ideas so as to
improve the functioning, the cost, the value-for-money of the product.

Standardisation attempts reduction in variety and better use of productive facilities.
thereby achieving lower unit costs. '

Modularisation involves designing the output using modaules that are interchangeable
and each different combination of modules gives a new variety of the output.

Product is used”here in its generic sense and is meant to include services; same as
output

Output lt!eas fefer to ideas regarding possible new outputs which, after refinements -
and modifications, could result in some outputs offered in the market.

Screening the pro.cess.(.)f establishing the market viability of a new output idea as well
as to find the desirability of adding the new output to the outputs of the
organisation. : o




2.8 SELF-ASSESSMENT EXERCISES

1 There are many stages involved in bringing a new output to the market. Why can’t
' the stages be performed in a smooth sequence?
2 Give examples of some organisations where you feel the new-idea mortality rates
would be low. Why?
3 Can services be standardised? Should they be standardised?
4 How should an organisation balance the different design characteristics in a new
product? ,
5 What are the important factors to be considered while finding the ‘fit’ of an
-output to an organisation?
6 Explain the Product Selection and stages involved therein.
7 What is producibility? How does it affect product selection?
8 “‘Product development and design is basically a research and development
activity’’. Elaborate the statement with suitable examples.
9 Explain Product design. How does it influence the Process Design?
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UNIT 3 PROCESS SELECTION

Objectives
Afier going through this unit, you shouid be able to:

e identify the various tradeoffs involved in process selection
e know the issues involved in the general transformation process selection procedure
o learn the four forms of transformation processes—their characteristics, advantages

and disadvantages ’

. @ know about the new technologies that are applicable to the transformation

processes ,
e understand the concept of Process Life-cycle .
e learn the use of break-even analysis in choosing the least cost process
e appreciate the need to maintain focus in all production operations.

Structure

3.1 Introduction
3.2 Forms of Transformation Processes

‘3.3 The Project Form

3.4 Intermittent Flow Processes
3.5 Continuous Flow Processes
3.6 Processing Industries

3.7 Selection of the Process

3.8 ammary

3.9 Key Words

3.10 Self-assessment Exercises
3.11 Further Readings

3.1 INTRODUCTION

The transformation process that converts inputs into outputs with added value is the
core element in the operations function. The selection of the process is therefore a
strategic decision for most organisations. The process selected will, to a very large
extent, determine both the quality and quantity of men and women to be employed as
well as the amount of capital required for the production of goods and services. In
fact, many organisations are slowly coming round to the view that operations has
been the missing link in the traditional approach of formulating a corporate straiegy
wherein the production or operations function is expected to play a supportive role to
marketing.

Undoubtedly, marketing has to establish what is to be produced to satisfy the needs
of the customers. However, the traditional approach is partly based on the view that
“PRICE = COST + PROFIT”’. Looked at this way, the price of a product or service

is obtained by adding a profit element to the cost incurred in producing the same.

This view of looking at profit and price may not have any serious problem if the
environment is less competitive. But as mariets become more competitive, the
customers have more choice in terms of product attributes like design, functions, ease
of use, performance, quality and cost.

The transformation process, therefore, has to be so selected that it can ;\irovide the
desired product attributes and at the same time remains cost-effective. This can be
best achieved by taking a.strategic view of the production/operations function and by
integrating the operations function including process selection while formulating the
corporate strategy of the firm. : '



in thic =<3 e shall discuss the major factors involved in the selection of the
transformation process, the various alternative process forms available and the
process involved in selecting an appropriate transformation process.

Process Selection as an Adaptation .

The major considerations in any process selection e.g. capacity, flexibility, lead time,
efficiency in using resources are so interdependent that changing the process to alter
one will almost invariably alter the others as well. There are numerous tradeoffs
avatilable while selecting a process—betwecn different materials, between requirements
of labour and capital, between volume and variety, between cost of production and
flexivifics . ad =0 oo It is important to know the consequences of everv cuch
tradeoff.

The transformation process selection is a tompicx decision vecause of the exisicnce of
so many tradeoffs, many ot which are also interdependent. Generally speaking, there
is no concept like the best process for a particular conversion. Rather, many times it is
an attempt to find a process which produces acceptable levels of amainment on many
objectives some of which are incongruent. For example, we want a process which is
flexible as well as instrumental in producing outputs with least cost. Obviously, we
cannot have both and so our attempt will be to sclect a process which has acceptable
levels of flexibility and cost. One can give similar examples from the other tradeoffs
mentioned earlier. Such a situation only highlights the need to integrate these
decisions while formulating the corporate strategy of the firm.

By now it should be clear that any change in the host of factors mentioned above will
have a profound effect on the process selected. For example, with the passage of
time, if the volume or the variety of the products/services produced undergoes a
change, a different process form might become more appropriate. Therefore, the
process selection continues to remain an adaptive process. '
Process Selection and the Environment

.As a strategic decision, the process selection decision is influenced by the environment
to a very great extent. With newer materials are becoming available such as a
different transformation process which might become more appropriate. This
phenomenon can be seen very clearly wherever plastics are being used as newer
substitutes of some natural material. Metal containers giving way to plastic

containers mean a totally different transformation process for the company
manufacturing containers. New synthetic packaging materials have caused significant
changes in the process involving packaging of consumer products.

\\Similarly, development of new gechnology may render a process obsolete as the new
technology is more economical, uses cheaper material or produces goods with a
higher quality level. Bolts can be made by machining hexagonal rods. However, with
the deyelopment of cold forging, the material wastage involved in metal cutting can
be totaﬁy eliminated giving rise to a process which is not only more economical but
faster as well. Not only the manufacturing technology, but the technology involved in
organising the operations function also has an effect on the process selected. This can
be seen when concepts like Group Technology or Autonomous Working are used and
we shall discuss these concepts later in this unit.

The competitors might also affect the process selected for a transformation. For
example, when the competitors can deliver the product or service much faster than
us, this may lead to a review of the form of process selected for our operations
function. Similarly, when we want to compete on non-price factors like quality,
custom-made product designs, shorter lead times or easier availability, the
transformation process has to be geared to the combination of such factors that we
consider to be important. '



3.2 FORMS OF TRANSFORMATION PROCESS

Process selection s actually a generic decision and in practice this refers to the
selection of sub-processes and sub-sub-processes depending on the type of output
that is produced. If the output is a product then, following the design of the

product, this can ‘be broken down into sub-assembliés and sub-sub-assemblies till we
reach an elemental leVgl of components which cannot be broken down further, Now,
for.each of such components we have to decide whether to produce it ourselves o to
buy from outside. If it has to be producéd by us, then the process selection decisions
concern the technology to be used, the sequence of operations to be performed,
including in process storage and transportation from one work centre to another,
equipment required for the transformation, staffing, the detailed work: place layout,
design of special tools, jigs and fixtures and so on. If the product requires an
assembling of components and sub-assemblies, then the assembly process has also to
be selected and designed appropriately. In fact, there may be no best way to produce
a product or service; rather it may always be possible to improve both the output and
the process selected to produce it.

Establishing the Volume and the Variety
One of the major considerations for process selection is krniowing where we warnt to

The other end of the continuum refers to very low product variety implying a single
standard product that is produced in very high volumes, Such a combination enables
us to use highly automated, mass production processes using special purpose
machines and simple production planning and control systems.

Produce-to-stock or Produce-to-order
A related consideration for process selection is whether the product is to be produced

product, the higher the risks undertaken by the producer, For example, newspapers
have a very short shelf life and so the risks of overproducing as well as
underproducing are high. ) — T o .
When we pr’oduce-to-order, the production process starts after receiving the sales
order in quantities dictated by each sales order, Al custom-made products are
produced-to-order since the exact specifications are known only after receipt of the
order. In such a System the customer has to wait while his products are being
produced and so the longer the lead time for production, the longer the waiting
period. .




Finally, we can have a compination ot both these systems as well. For example‘ where
a large number of options are provided on the product, the components and ’ '
sub- assemblies might be produced to stock whereas the final assembly is carried out ¢n
order. In restaurants, food is semi-cooked in batches i.e. produced to stock and the‘;i
final dish is prepared on receipt of a customer order i.e. produced-to-order.

Effect of Output Characteristics v

In the previous sections we have said that the form of the transformation process

depends to a large extent on output characteristics like volume/variety and whether
prodgced-to-stock or produced-to-order. Figure [ illustrates these comments by ‘
shownng the relationship in a diagrammatic form. -

Figure 1 : Effect of Outﬁut Characteristics on The Fo}‘;rr(’)ﬂfqfrins(drr}{é}ig;{?r:qcess
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~The horizontal axis which shows the outpul characteristics is represented in terms of
the batch size. On one extreme we have products produced in batches of size onc,
i.e. each product is different from the other. On the other extreme we have products
produced in infinitely large batch sizes. These are products with no variety and have

the characteristics of a commodity like fertiliser, sugar, cement etc.

The form of transformation process is similarly represented on the vertical axis. The
top end represents the project form where cach project is followed by another '
project—no two projects are exactly alike and detailed planning, scheduling and
monitoring has to be performed to keep the project costs and durations under
control. As we go down the vertical axis the flow of materials becomes more smooth
and uniform. These can be categorised as pbatch production or interrupted form, mass
production or continuous form, and finally, as the name implies the processing form
wherein there is no interruption in the flow of materials at all, as in a petroleum
refinery or a fertiliser plant. In the subsequent sections we are going to discuss each
of these process forms in somewhat more detail.

However, we would like to point out a couple of things in Figure I before we
proceed further. First, as is shown in Figure 1 we would not find any process
corresponding to'the lower left hand 1egion or the top right hand region of the
Figure. That is to say, when the batch size is very small it is not at all advisable (2
use the continuous or the procegsing form of transformation. Similarly, when the
batch size is really.large, it is again inadvisable to use the project or the interrupted
form.
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The second point that ererges from Figare [ is that for any batch size, there is
usually a choice available in choosing the processing form. Thus, even in the same
industry one may find difierent competitors using different processing forms and
thus trying to create a special niche for themselves. For example, one manufacturer
of ceiling fans might choose the interrupted form whereas another might decide to
adopt the continuous form of production and both might coexist in the same
competitive market.

liis also not difficult to see that Figure I slse holds good for services (except that
there i no processing form for service). The service provided by a iawyer on a law-
suit is almost always of a project form. Services provided by a government Agency
is usually of the interrupted form whereas for some high volume services (he
continuous form is employed. In fact, in recent vears, as the service s¢ctor is
growing faster than other sectors, more and inore services are graduaily being
pushed down the vertical axis of Figure I. Fast food service is a typical example of
this phenomenon,

3.3 THE PROJECT FORM

Project operations are characterised by complex sets of time-bound activitics that
raust be performed in a particular order. Distinctly different from all other forms of
traasformation process such that each project has a definite beginning and a
definite comr!stion, the project form of transformation is very usefu! when
complex task . v volving many different functional specialisations have to be
performed aga.::r ctrict deadlines.

If the output of the transformation process is a product, such products are gencraily
cnaracterised by immobility during the transformation. Such operations are referred
to as Fixed Position assembly and can be seen in the production of ships, aircrafts,
“nd construction of buildings, roads, etc. As projects have limited lives, a project
tearn s usually set up to manage a project. Resources such as men, materials and
*quipment are brought together for the duration of the project. Some materials are
consumed in the transformation process, while others like equipment and personnel
are redeployed for other uses at the end ofthe project. :

We give below a small Jist of projects to clarify our understanding of a project:

e Ssetting up a new thermal power plant
o building a hospital

® modernising a textile mill

® constructing roads, bridges, buildings

e orgarising an annual sales conference

© launching a new product ‘ _

® punching and delivering a programme like Diploma in Management
© _computerising the purchase and the inventory control system

o conducting a two-week training programme.

The number and importance of project operations is growing at 2 very fast rate in
most societies, including ours. We shall now discuss some of the possible reasons for
this growth in project operations. The benefits from various development '
programmes are delivered through projects. With the spread of education and rise in
income levels, people themselves organise projects in the areas of community
development, travel and tourism, social functions etc. Each knowledge area is getting
more and more specialised and on many jobs we now need inputs from different
specialisation areas. The project form is very suitable to handle inter-disciplinary
specialist groups. ' : ,




. e il el s
The fast-pace of technological developments is forcing many com.panies to adapt to

the new technologies. Such developments are taking place not only in the
manufacturing technologies but also in packaging technology, material handling

.technology, computer technology and so on. Implementing a change is usually ‘carried

out through a prcject operation. Increased competition, sih\yilaﬂy, is forcing -~
companies to launch projects on cost reduction, higher productivity, better methods
and so on. ,

Whenever a transformation process is to be carried out under severe time and cost
constraints, i.e. whenever the penalty associated with time and k;osf over-runs is
severe, the project form of transformation is the most suitable. With ever-higher
prices of equipment and labour, the cost of delay in many activities is becoming
intolerably high and that is another reason for the speedy growth in project
operations.

Choosing the Project Form

There are many situations in which th. project form of the transformation process is
the most appropriate. Obviously, if the tasks involved are for a limited duration, '
there is perhaps no alternative to using the project form of operations to carry out:
the tasks within the time frame prescribed.

The project form also offers extremely short reaction times to changes—both internal

. and external. Thus, if the outputs belong to high technology areas where the product .

design and/or the process technology is changing at a very fast pace and the
operations have always to be kept abreast of the latest developments, again the

project form may be found useful. For example, the project form of operations is
used very often when we are selling chemical plants.

When a transformation process requires inputs from many specialisation areas, the (
project form of organisation is known to perform well. This. is because the project
form draws upon a mixed complement of personnel from different functional
specialisations (e.g. mechanical engineers, civil engineers, chemical engineers,
technicians, marketing and financial specialists etc.). However, the same feature of
mixed complement of personnel dees not allow the project form to advance high
technology areas. Another process form where operations are organised by functional
specialisations may be more appropriate if advances in high technology areas is one of
the desired objectives. In the latter form, a group of specialists help in developing a
process related to their field of specialisation. Such a group usually has access to
specialised manpower as well as equipment which also contributes towards advancing
technology. In the project form, generalised resources (staff and equipment) which
are usually used as specialised resources will have a poor utilisation.

When the tasks involved are of very large scale involving many inter-dependent
activities, the project form of operations is typically chosen. This is because the
project form is better suited for detailed planning, monitoring and control of a large
number of ipter-related activities many of which are performed by different agencies.

‘Activity A , —
Can yGu cnoose an area or activity in your organiz h
be more suitable compared to existing organization from?

ization where project from of organization ma,.




Characteristics of Projegt Processes :

Project operations are different from other forms of tfansformation process in the
way resources are organised and deployed as also in the planning and control of _
various activities that constitute the project. In the following sub-sections we discuss
some of these characteristics of, project operations.

Short Life-cycle

Process Selection

In fact, even during the life of a project, resource requirements ‘are not- uniform.
Thus in the initial phase,. resource requirements including manpower,.‘are-at-a iow
level. But there is a fast build-up during which more-and more resources are
absorbed in the project. This build-up, however, gradually levels off and then there i
a cutting back as the project nears its completion. However, the resource
requirements inl terms of a particular skill (e.g. design-éngjncer,_,hp'gh pressure welder
etc.) or a particular equipment (e.g. concrete mixer, pile driver M#tC.) may vary more
unevenhxand sg resource levelling remains one of the major difficulties in project
planning and scheduling,

Consequent Personnel Problems

This phenomenon of a fast build-up, a levelling off and final cut back in resource
réquirements can give rise to two related personnel problems. - :

When there is a fast build-up, staff is generally borrowed from other departmenits

and also some are hired for a short duration. T hus, they may have_h'mited loyalty anc
short-lived interest in the project. This is further compounded by the fact that the

of the persons involved, Finally, the persons may have limited experien'ce with the
special tasks involved in the project.

Matrix Organisation

When multiple broject operations are under way, a matrix organisation structure s
generally used. In a matrix organisation, project representatives for each project are
designated by different functional areas. As shown in Figure II there are project
representative from Engineering, Operations, Finance and so on for Project A. There
are similar representatives for Project B and other projects. Thus, each functional
manager holds the resources and each project manager coordinates the use of
designated resources through the project representative concerned. This form of
organisation allows coordination across funectional departments for better useof
resources. However, a major disadvantage of this form of organisation is that an
employee has two Supervisors—one in the project and another in his “home”’ or
functional department. The need for coordination between functional and project
Mmanagers is essential so that there are no conflicts in regard to questions such as:
Who will evaluate and reward employees? Who is ultimately responsible for the

discipline of employees? In the absence of such coordination the project

4)




Facllities Planning

Figure II: Matrix organisation structure for project management

‘General
Manager

—— e o P S, R S
T 3
|| | Engineering | : | Operation |* | } Finance |’ l (. ‘ |
: ! Manager = | : Manager lleE | % Manager '| = ‘ |‘ ;l i
SN T SRS T JON T S S, O AU SR N (0 Ll
B i Rt T
ekt TN choabd e o - —— = ] - = T it |
I | l ‘!‘,-v'l.‘ & "“‘."I'. .‘('lll"‘ilt'r‘ X 1 "'r’ ‘ l | l l { —l l
b Project A ! I :Froject A T f"l Froject A ]"= | I|Proj¢:ct A |1 ! | || |
l Manager | | |representative ![| vjl»rcpresentalivel | | representative | | | : | |
I by I PR L B Ppb
Ll_____J | Lo = 1 [ } l e e } , .
- T == T4_*"""'—-‘Tf—f”_:l__—___—_._'__1-————“"”—l
== i . ] e
s B R T e NPT
. 1 . !
| : Project B | | |Project B ll l | | Project B ll | | | Project B ! ‘I | 'l I
Iy Manager : | lrc ;s;qmativq t ll | | representative | | | |1'c;:»res¢:ntative|| | | 1 || |
| PV
l b [ | b | I
| |
|| e o — 4 ll e 4 I| | e J 1 ‘l _______ ! ‘l ! e e oo |
I E— S il I i
S S i it
| - 1 el al i s s R W iy
| |1 Ll R | | '
|l | 1] || R b |
Il by Pyt U I byt ‘
L b Loy L1 b '
L Ul I L by ‘
| bm e g bem—zzoa b b B S I e |
L o [ I A L ]
Activity B

In your experience, have you come across Matrix form of orgainization? From Experiential point
of view, what are the advantages disadva tages, Identify some situations where Matrix from
would be useful.

Activity C
Think of a project to which you belonged or you have observed from close quarters. Recall
some important characteristics of that project.

‘Importance of Scheduling and Control

A project generally involves many tasks—each having its own specialisation and
perhaps to be executed by a different agency. However, they have a strict
precedence requirement—like one task cannot even begin until twe othes predecessor




taskas"have bee.n completef;i. The cost of delay in completion of the project is also
u:ua]' yhvery high, many tmjesynh explicit penalties being mentioned as well. Because
ol ali these reasons the scheduling and control of various activities in a project

assumes great importance. Some network plannin i i
cat importan g techniques like CP j
have been specially designed to resolve these issues. 9 M and PERT
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3.4 INTERMITTENT FLOW PROCESSES

When. the output variety is large, each output takes a different route through the
organisation, uses different inputs, requires different operations and takes a different
amount of time and also sequence, the intermittent -form of processing is often used.
In this system, each output, or small group of similar outputs (referred to as a batch
or a lot), follows a different processing route through the facility, from one location
to another. The facilities are organised around similar operations functions. Foy.
example, in an engineering ‘organisation there is a foundry, a machine shop, a press
shop, a tool room, a pairit shop and so on. In a hospital, there is a blood bank, an.
X-Ray department, a pathological laboratory and so on.'The flow through these .~
departments depends on the exact needs of a patient. The intermittent process is
especially suited for service organisations because each serviceis often customised anc
so each one requires a different set of operations in a different ‘sequence.

Characteristics of the Intermittent Form

Rcferﬁl}g to Figure I, the intermittent process form is generally suitable 'when the
variety is large and consequently the volumes are low. Fhe transformation pro¢éss’
should be able to take care of this large variety and also in a manner that the cost of
the processing is not excessive. -

Flexibility

When an organisation wants to produce a variety of outputs using common facilities,
it wants to have flexibility in its operations. This is achieved by employing general
purpose machines and equipment as well as having staff with a wide range of skills. -
The facilities are laid out in accordance with the general flow and for specific ,
outputs, there may be a lot of movement as well as backtracking depending on the
sequence of operations required. Not only the processing, even the inputs required
for different outputs could be quite different. ’

Even if the final product does not have excessive variety, e.g. in manufacturing of
typewriters, the intermittént form is still used for the manufacture of components.
This is because a large number of components are assembled into a typewriter and
the same facilities could be used in making many different components in batches.

One batch of 1000 pinions could be produced this week and the next batch may have

to be produce? only after one month. By splitting into batches in this manner, a
large number- of different components can be produced on a common set of
machines. All this is possible because the intermittent form of processing is flexible.

Around Standard Operations

The transformation processes are organised around standard operations in the
intermittent form. In a bank, this would result in departments like cash, advances,
deposits, savings bank accounts and so on. Any customer who wants to deposit or
withdraw cash, has to go to the cash department for this purpose. :

In such a scheme, each functional group is a specialised group and pertorms all tasks
_connected with that specialisation. That is why the workers need to have a width of
“skills so that they can perform a range of tasks—of course within the specialisation.

A machine operator in a grinding shop will not be producing the same output

everyday and thus besides skills in operating different types of grinding machines

needs the ability to read and interest blueprints and perhaps also the ability to ‘set
up’ grinding machines to perform different jobs. '

! ‘ \




“The amount of specialisation achieved by organising around stquardbperatioﬁs S
enables the organisation to solve complex and specialised probiéths. Thus, a difficuft.
grinding job is more likely to be carried out by an organisation having a grinding -

_shop than by another having project operations or even continuous flow processing. .-

where grinding operations are also being performed

Material Handling and In-process Inventory .

As the grouping of facilities is around standard operations, the partly processed (
output is to be transported from one standa'rd operation to another. The amount of
material handling for an output or a batch’of output depends-on the number of
standard operations to be performed and ‘also the distance between the locations
where the operations are performed. For all the outputs of the organisation, .
therefore, the amount of material handling would depend on the output mix and the
layout of different’ facilitiés. -Agteat teal-of effort is made to design the facilities
layout séthat the 'matcﬁ’al'hi’tﬁd!ing is reduced for a targeted output mix.

Again, as the same facilities are being used for the processing of many outputs, the '
flow of materials through the facilities is not smooth, but intetrupted. Aftef one '
operation, the partly processed outout or batch of outputs may have to wait if the
facilities required for the next operation are busy on the processing of another output-
on batch. Such material is referréd to as work-in-process and the consequent in-
process inventory is typical in‘;i‘ptennittcnt flow processing. ‘

Difficulty im-Management of Resources

Since each output or batch of owmputs is different, the planning and control of the
operations function is very difficult under intermittent flow processing. Elaborate
planning and control procedures are used so that the. movement of each output or .
batch of outputs can be tracked and all the inputs required for a particular output or
batch be made available in time. The planning and control becomes more difficult in’
the absence of accurate time standards as the outputs may not be repetitive,

Advantages of the Intermittent Form o :
" In transformation processes, there is always a trade-off between flexibility of

operations and the efficiency of use of resources. Intermittent transformation
processes are chosen whenever flexibility is considered more important than mere
efficiency. s ‘

Variety at Low Cost

The intermittent form of processing is appropriate when we want to respond to
demands of small volume and high variety. The primary advantage of this form of
processing is, therefore, the ability to produce.a wide variety of outputs at a
reasonable cost. _ ‘ 1 R o

The choice of machines and equipment, the skill of the staff, the layout of the
facilities and all related decisions emphasise the need to have flexible operations whic.
are also not very costly. In intermittent flow processing, general purpose machines ar
generally used as these are cheaper than special pyrpose machines, since they are in-
greater demand and generally available from more suppliers. Also, they are easier ant
cheaper to maintain and dispose of thus reducing-the cost of obsolescence. Because
of the diversity in outputs, all the equipment oes not have hundred per cent
utilisation. The cost of unutilised equipment is low, as the equipment is simple -
general purpose and not very costly. . X

High Capacity Utilisation ‘ ‘
As facilities are grouped around stanaard operations, all the outputs requiring a
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., particular operation will haTe_to be serit to the section carrying out that opefation.
- Thus; there will be a high capacity utilisation for equipment grouped around that Process Sclectlo
operation. The cost inyolqu in providing special environmental cdnditi'ons for some
‘operations €.g. airconditioning, dehumidifying, dust proofing etc. is also minimised as
all such equipment is physically.close to each other when the organisation is laid out
for intermittent form of processing. = - g :
Staff Advantages o A ' , .
‘Each worker performs a complete operation under intermittent processing—e.g.
“completing an analysis on a form, painting a component or product etc. This, 2
complemented by the fact that the task itself is not repetitive, provides the workers
pride of workmanship and increased responsibility. There is usually a high morale in
the group when all the group members. are similéij skilled and work in the same
location. L S ' e : N
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Disadvantages of the Intermittent Form ) s s -
The intermittent form. will not remain the best farm of prqgessing,jf};hq. volumes:for. ..
some outputs become high. The in-process invengories could beg me excessively high - .

. and the operations planning and control could get out of hand necessitating the use .
of\expediters. i LA A R
M&rre Costly for High Volumes - S manost s

L . s o b o el
The initial cost for general purpose machines, which are most!iy used in intermittent
processing, is low. But they are usually slower than special purpose machines and also
give lower quality of outputs, The skilled operators arg.‘paid;,r'nqr"c than the semi-
skilled or the unskilled. The.end result being that although the fixed costs are lower
for general purpose machines, the variable costs per unit of output are highier;.For:
low output volumes, therefore, the general purpose equipment could be the cheapest
as well. However, as output volumes rise, the advantage in terms of a lower fixed cost
is more than compensated by a higher component of variable cost and thus the
special purpose machines may offer the least cost alternative.
Complex Operations Planning and Control

As mentioned earlier ‘the planning and control of operations is very complex

for the intermittent form. When the number of jobs on the ship floor rises to high
levels, it becomes almost impossible to keep track of individual jobs. Over and
above the paperwork involved, “expediters’’ are employed to reorder priorities and
track down specific jobs.

The requirement of each output being different, in the absence of such detailed
planning and control there may be production bottlenecks on some facilities whereas
resources may remain idle at some other facilities. It is easy 1o see tHat there may be a
host of reasons causing such idling of resources—e.g., machine breakdown, raw
material non-availability, delay in a previous operation, absent worker, non-availability
of tools etc. etc. It is the job of opcrations planning and control to ensure that all
the inputs required for a particular operation are made available when the operation

is planned.

Large In-process Inventory

Intermittent processing would always have some in-process inventory. However, as
the variety of outputs and the scale of operations increase, the in-process inventory
becomes larger. On top of it, there will be a fast build-up of in-process inventory if
there is any laxity in the operations planning and control function. This increases the
space requirement of operations and also disturbs the appearance of the operations
‘area at times making it even unsafe.

The material handling ‘equipment used in intermittent operations is generally mobile
and is more expensive than the fixed position handling equipment like.chutes and
conveyor belts. It also requires more space for movement thus adding to the space

requjrement.
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| New T&‘hnnlogy for Intermiitent Flow Operations

—

There have beeir quite a few developments towards incgeasing the efficiency of
intermitient flow operations. Many of these developments are based on using the
computer for many planning and control activities and some, like group technology,
are based on using continuous fow srinciples for outputs which have a large variety.

Computeitsed Produciion and inventory Control Systems

Many different types of computer packages are available which can link the input and
output requirements, check with the inventory at hand and automatically raise
purchase orders and also prepare different types of statements for planning and
control purposes. Given a schedule of output requirements, the computer can work
out the requirement of raw“fnaterial and other bought out items and can plan the
procurement and production of these so that there is no hold up of production due

to non-availability of material: "
Integrated-Computer-Aided Manufacturing

“ These computer packages tic up'the previous systems with mechanical systems that

control machinery and material handling equipment. These packages do not carry out
manufacturing of parts alone but also process planning, costing, tool design,
production planninggmaterjal ordering etc. The rate of development in this area is
extremely rapid and. is also accelerating. Computers are used for both planning as well
as exccution of the plans.

Manufacturing Resource Planning (MRP II)

If the computerised'ﬁ"roduclyion and inventory control systems could be linked with
oth‘e’r:p,lanning and accounting systems of the organisation, it would result in
comprehensive computer packages on manufacturing resource planning. Such a
system would integrate marketing, finance, personnel, payroll and other systems and
can prepare statements on funds requirement, promotional need, capacity planning
and so on.

Group Technology

Group technology has developed over the years to become a complete philosophy
rather than a single technique. The common thread running through all these
techniques is the attempt to find groups which can be used in organising the
transformation process. The purpose of grouping is to overcome some of the
disadvantages of intermittent flow processing as outlined in 5.4 above and the
grouping can be of component parts, machines, equipment and people.

In general, component parts are grouped into families so tha /the processing required

for members of a family is similar. The machines and equipéem are also grouped

into cells so that the volumes through a cell are higher and the variety smaller.

Therefore, the principles used in continuous flow processing can be used for each of

these groups.

The benefits expected from group technology are really fourfold:

i) reduced amounts of time and costs because lheAalure of operations and their
sequence is similar for a family of componeny/parts

ii) reduced materiol handling as the machines nd equipment in a cell are physically
close to each other Van

iii)” shorter throughput times as the waiting period between operations is minimal

iv) reduced in-process inventories, again because of minimal waiting between
operations.

3.5 CONTINUOUS FLOW PROCESSES

. S '
As distinct from intermittent flow processes, a,ll#outputs are treated alike in this form
of processing and the workflow is thus relatively continuous. The-production process
is therefore geared to produce one output, pérh"ip; }Vlth some options added on. The
variety is small and volumes are high thus making it worthwhile to focus the ™"




transformation process on the output. This would mean arranging the fac?lities in the
sequence in which ‘they are required for the output, using high‘ speed §pemal purpose
machines, laying out the facilities to minimise the movement of materials and '
designing the production system so that there are no bottlenecks as well as no idle

time for any of the resources. ] ' ) )
Traditionally, services were considered to be too customised for this form of

processing. However, we are now finding that by standardising the service and also by
increasing the volume of output, it is possible to use continuous processes even for
services. One can give the example of fast food joints-or periodic servicing of
automobiles towards these trends.

Characteristics of Continuous Processes

The continuous process form is characterised by relatively standardised outputs and
consequently fixed inputs, fixed sequence of operations and, also, fixed processing
time. As the variation from one ‘output to another is very smially'the.transformation
process.is selected and designed to maximise the efficiency of the resources and in the
process flexibility of operations is sacrificed. Chn

High Volumes R o

If an organisation is planning to produce only a' sifiall variety of outputs and in high
volumes, it will find the continuous processing form' a very attractive proposition.
Because of high volumes, one can choose those production facilities which are special
purpose and perhaps custom-built so that the initial costs are high, but they can '
produce the output at a low variable cost. The higher the volumes the further these
tradeoffs shift towards higher fixed costs and lower variable costs, "l'hi§‘is because the
variable costs are low and the high fixed costs are spread over a high volume of °
output thus making the continuous processing form the least cost processing form for
high volumes.

Easier Planning and Control

As all outputs follow the same path from one operation to the next, there is no need
. to keep track of each output for planning and control purposes. In other words, all
operations being standardised with standard operation times and no waiting between
operations, if the time when processing starts for an output is known, all subsequent
operations including the final completion of the output can be predicted quite
closely.

This implies that there is virtually no in-process inventory since there is no waiting
between operations. Also, as the transformation process is designed specially for this
‘output the amourit of movement between operations is minimal. Further, as volumes
are high, special purpose fixed position material handling equipment like chutes,
conveyors etc. which have low-space requirements and operate at low variable costs
can be used.

.Linear Workflow

All the facilities-are arranged in the sequence in which they are réquired for the

productijon Qf outputs. The material therefore moves from one facility to another or
from one location to another with no backtracking at all. That is why product
organisations of this form are often called flow shops.

} When the continuous form of processing is. used for production of an output, we
have, what is called a product line. In many product lines we can actually see'the
materia} moving on a conveyor and workers removing one unit from the conveyor for
processing and putting it back on the conveyor at the end of the operation so that it
goes to the next location for the next operation. It is, therefore, important that the
work content at each of the locations be exactly equal so that no location has a
bottleneck nor does a location have idle time. The rate of output will be governed by
the slqwest location (referred to as work station in the context of a production line).
§ometlmes, when there is a large variability in the operation times, a small in-process
Inventory is allowed to be built up to cushion out the effect of such variations.
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When only assembly operatidns are performed on a line, such a line is called an
assembly line. Assembly of ‘many low variety products is carried out using assembly
-lines—for example automobiles, television sets, domestic electrical appliances. etc.
Advantages of the Continuous Form Cy ;

The continuous form of processing requires a great deal of effort while designing.

But once implemented, it offers many simplicities in its operation.
Low Unit Cost .

The main advantage offered by continuous process operations is the low per unit cost
of production. As discussed earlier, this is achieved by selecting equipment which
provides low variable costs of operation perhaps at high initial costs which are
distributed over large production volumes. Further cost saving is possible due to bulk
purchasing of materials, efficient facility utilisation, low in-process inventories and
lower material handling costs.

Lower Operator Skills SEART ¥

The machines ysed jn: continuous processes are generally special purpose and so their
operation is simpler, with few.setups required. - The operator skills required are
therefore lower which improves the availability of workers with requisite skills and
also gives rise to lower labour costs.

However, the special purpose macl‘\in‘es are more complex in their design and”
functions and so are more diffitilt 'to maintain. Thus, higher maintenance skills are
required and since the experience of working on_any of these machines is limited, the
time taken for diagnosis and repair is longer. Similarly, spare parts availability itself
could be difficult for special purpose: machines.

Simpler Managerial Control’

As the workflow ‘is streamlined in the continuous form, the planning and control of
production is much simpler. With standardised operations and operation times, the
predictability of operations is higher. This implies that the performance on meeting
delivery dates is better.

In fact, while operating an interrupted processing system, if one of the outputs
establishes a high growth in volume, it may be worthwhile explofing the possibility of
setting up a production line for this output. Although the component parts are
produced using interrupted processing, the final assembly is carried out on an
assembly line for many products.

Disadvantages of the Continuous Form

Although the continuous form of processing offers a low cost alternative when
volume of production is high and the variety low, there are some disadvantages in
organising the production in this form. ‘

Difficult to Adapt

As the-whole production process is designed for a particular output, any change in
the output characteristics is difficult to obtain. Because of this, important changes in
product design are often not made, which can affect the competitive strength of the
organisation. Each production or assembly line is designed for a particular rate of

production. Sometimes, it is difficult even to change the rate of cutput. This causes
serious difficulty when the demand for the output increases or decreases.

Possibilities of Stoppage of Line

If there is a breakdown at any work station or in the material handling eqqipmem,
the whole line may come to a standstill. In the absence of work-in-process,
production at all work stations will suffer till the line can be started again.

Balancing the Line

The work content at each of the work stations should be exactly equal to avoid
bottlenecks and idling of resources. However, if it is not possible to exactly equalise
the work content, the output rate is governed by the slowest work station which
ifnplies that workers at all other work stations are less busy. This remains a sore point
among the workers. :




Low Worker Morale .
A worker’s task is highly repetitive in the continuous form of processing and for
high output rate production lines the task may also be very insignificant and
unchallenging. This dehumanising aspect of the workers’ role causes boredom,
monotony and very soon starts affecting the morale of workers.

High Initial Cost T SR

“The special purpose machines and equipment used in continuous form of processing
have very high initial cost. It is'also-costly to service and maintain. Also, such special
purpose equipment is very susceptible to obsolescence and it is not easy to find a -
buyer for such equipment or to modify these for other uses.

New Technology for Continuous Flow Process
Recent developments in computer applications have had their efféect on’'continuous

flow operations as well. The attempt in all this is to increare thetflexibility of
' RAVERE A RARL AR

production and assembly.lines. . i

CNC/DNC

[KARERYES
Machines and processes which have been automatgdzﬁgjf;gf.some form of electronic
system are said to use numerical control or NC. In-the early NC machines,
instructions for machine control were coded on punched paper tapes to be read by
tape readers. In CNC (Computer Numerical Control) machines, relatively simple
programmes can be stored in the memory of the computer and so it is not necessary
- to read the control tape for every item manufactured. This is an advaniage since the
control tapes and the associated tape readers are among the most unreliable
components of an NC machine.

S

In DNC (Direct Numerical Control) machines, programmes for a number of NC
-machines are stored in a single computer of larger capacity than the type used in
CNC. Also, the integration of a number of machines and processes by one computer
enables a set of machines to work as a manufacturing system, with parts scheduling
and process monitoring. Automation by numerical control can be thought of as soft
automation. as this allows fast changeovers from one component part to another.
Robotics ' N :

According to the Robot Institute of America, ‘“A robot is a reprogrammable
multi-functional manipulator designed to move material, parts, tools or specialised
+devices through variable programmed motions for the pérformance of a variety of

tasks.’” Robots have come in a big way in the task of moving, transferring and

manipulating materials in between operations as well as Vduring some specialised
operations. An industrial Robot has three principal components:

i)  One or more arms, usually situated in a fixed base, that can move in several

directions o S ' .

ii) A manipulator, being the “‘hand’’ that holds the tool or the part to be worked

iii) A controller that gives.detailed movement instructions.

Robotics is helping continuous flow processes ta changeover from one output to
another since the material handling equipment, ‘which was carlier designed as part of
* a production or assembly line, can now be independently. prisrammed.

CAD/CAM/CAE

This trilogy of terms stands for computer aided design (CAD), computer aided
manufacturing (CAM) and computer aided engineering(CAE). In these systems, the
computer aids in-the design process by providing different images of the designed -
product from different views—the computer screen acting as the designer’s drawing
board. The CAM ties the NC- machines with the material handling equipment so the
manufacturing operations are working together. In CAE, the computer is used to aid
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w anarysuig cngineering proolems, particularly structured aMs where the structure
has previously been designed using CAD. In its widest sense, these imply the
automation using computer control of all activities-necessary to take a product from
concept to its completed manufacture. PR . r
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Flexible Manufacturing _ -
Current usage of the term flexible manufacturing relates to automated manufacture.
Traditionally, automation in manufacturing has been possible only for high vplume
low variety products where the product ion process adopted had been of the .4
continuous flow process form. Such process had suffered from inflexibility—not only
in terms of output characteristics but also of output rate. In flexible manufacturing
an attempt is made to jmrod{xce flexibility not only in terms of component design but
also operation, sgquence;. batch sizes and overall production capacity. Flexible
manufacturing tries to combine the advantages of conventional automation with the
strategic advantages attached to intermittent processing viz., increased variely,
improved response to customer orders, updated product designs etc.

3.6 PRO?CES")SIP‘{IG INDUSTRIES

ARSI afi  ray

g 9l s - . . .
The processing.-indusigjes €.g., fertiliser, petrochemicals, petroleum, milk, drugs, etc.
also use continuous processing. However, they deserve a special mention as they
differ from organisations producing either discrete products or services. In general,

the operations in,these organisations are highly automated with very sophisticated
-gpntrols, often electronic or computerised. The labour requirements are generally low

i

+ . angd the role of the production workers is limited to monitoring and taking some

corrective action if necessary. However, maintenance of equipment is very critical and
the skills required in maintenance are of high order. '

A Single Input

In processing industries, there is usually a single princ‘ipél input material which is
processed into one or more different products. In discrete manufacturing, on the
other hand, there are many different input materials which are processed and
assembled to form the product.

Analytic and Synthetic Processes

In an ‘analytic procéss, a single input_is processed 'intd many separate outputs. A
typical example would be a petrbleum refinery, where the single input, viz.

. petroleum’ is processed into petrol, diesel, naphtha, furnace oil and a host of other

intermediates. In a synthetic process, on the other hand, many different inputs are
synthesised into one output. Processing industries generally use analytic processcs
whereas continuous flow processing in discrete manufacturing generally use synthetic
processes.

Continuous Processing

In spite of the differences mentionea above, there is a basic similarity in the concept
as well as the approach followed in both flow shops and the processing
industrics—only the varicty in outputs is nil so far as processing industrics are
concerned. Because of this, automation could be carried out to its physical limits
and the process is designed for a specific mix of outputs. The result is that initial

set up of equipment and procedures is even more complex and critical than for

_ continuous flow processing.

3.7 SELECTION OF THE PROCESS

In this section we would address ourselves to the issue of selecting the appropriate
process form or mix of forms for an organisation to produce its output. The details
involved in the actual designing and laying out of the transformation processes, the
laying out of the workplaces, the designing of the planning and control procedures,
the assurance of quality, etc. is the subject matter of the complete course and would
be taken™Up later in other units '
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.+ Combination of Process Forms
The four forms of processing that we have referred to earlier, are really four . Process Selection
simplified extremes of what is likely to be observed in practice. We will find very Tew.
organisations using only one of these processing forms in its pure sense. In fact by
alluding to concepts like group technology and flexible manufacturing we have
referred to systems which attempt to combine the advantages of two or more of these
pure forms. '

Most organisations combine two or more of these process forms to produce different
components and the final product. In many industries including automobiles,
domestic electrical appliances etc. the components are made using the intermittent
form of processing whereas the final assembly is based 'on cohtinuous flow
processing. -

Production of Services : <o EARNEER
Like products, services could also be produced using different- process forms.
Although the intermittent processing form has been the typical form used for
services, services,as those provided by a lawyer are more like project processes.
Again, by standardising the outputs and consequently mt:reé§mg the volume of
standard outputs, many services are now produced using the continuous flow process
form. We have already given the example of fast food service in this context.
Another example comes from the Soviet Union where a flowline has been used for
routine eye surgery whereby patients are literally passed along a line from one
surgeon to another, each of whom performs a small part of the total operation. We
are, therefore, slowly coming to realise that services can be mass produced. ™

Product/Process Life-cycles

In Units 1 and 4 we have referred to the life-cycle which a typical output
undergoes—from its introduction through growth, maturity and decline phases.
There is a similar life-cycle for the process used to produce the output. Figure I can
be interpieted to show that the product and the process life cycles are related.

When an output is just introduced, it is made in small volumes in an inefficient,
uncoordinated manner which-might start using the project form. However, very.
soou it is produced in small batches using the intermittent processing form. As the
output goes through the growth phase, more and more sub-processes are designed
using the continuous flow processing form. Finally, in the maturity phase, the
product competes mostly on price. The volumes are high and highly cost efficient
methods are required to produce the product at a low cost. The continuous flow
processing form is then the most smtable form of process.

Break-even Analysis For Process Forms

The progress along the process life-cycle is shown below in Figure 111 using break-even
analysis for each of the process forms. At the introduction stage, the product is first
produced with little or no commitment of equipment and facilities using mostly
labour intensive methods. The process form used is the project form and most of the
cost is variable cost including the cost of labour.

As the product passes on the growth phase, general purpose machines and
equipment are organised into the intermittent form to produce the output in a
flexible manner. Finally, when the continuous flow processing form is used towards
-the maturity phase of the product life-cycle, the fixed costs of operation are very high
and the variable cost per unit of output is quite low. Figure 11l also shows the least .
cost process at any stage of the life-cycle (heavy line) and it can be easily seen that as
volumes rise 2 different form of process might become the least cost alternative.
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Figure I1I: Break-even analysis ©of process form selection with phases of life-cycle. -
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Maintaining the Focus

The point to note is that the process form adopted should evolve as the market ana
the-outpul evolve. If a company feels that its competitive strength lies in having a
flexible production system which can respond very fast to specific customer needs,
then as the outputs move into another phase of their life-cycle in which a different
process form is preferable, it drops the output or licences it to someone else and
switches to another output more appropriate to its competitive strengths.

Each factory or office should have a clearly deﬁhed‘ focus in its operations and the

_ process form adopted is one of the key elements that creates the focus. It is not

possible to have a production system which can satisfy all sorts of demands made on
it—e.g., fast response to changes in output design, low cost of production, high
capacity utilisation of resources, and so on.

3.8 SUMMARY

In this uiit we have looked at the various process forms that can be .usea to effect
transformation ol inputs into outputs. Having eslabhshe(..l the :s‘lrategu: nature of
process selection decisions, we éxplored the various Fonsnderanons yvhnch affect the .
process selection. The major consideration in choosing an appropriate process for.m_ i
the output characteristics in terms of_jts volume and variety. A related consideration
is whether the output is produced-to-Stock or produccd-lo-order.

When the output is produced in very low volumes and th-e output 'variety is Iargel; the
project form of transformation is often the mqst appropnate. .PI'OJ'CCl proce.ssc:s ave
short life-cycles and need a high level of coordmau?n s(.J‘that in spite of slnct.
precedence relationships between activities, the project is not delayed beyond its
scheduled date of completion.

For low vloume high variety output, the intermittent flow processing form offer.s
the advantage of flexibility at reasonable cost, whereas for high volume low variet)
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outputs, the continuous flow processing form is often used. We have looked at thei rrocess o e’
characteristics of these process forms in great detail and alsc discussed the
advantages and disadvantages of each of these. We have also mentioned some of
the new technologles for each of these process forms.

When the‘cutput\}has no variety, and if it is a commodity, the processing form
offers great cost savings by using highly automated transformation proccsses where
the role of productic = workers is only to momtor the processes and take corrective
action, if needed. :

We have noted that most organisations adopt a combination of different process
forms. Just like products, even services can be mass produced if the variety can be
reduced giving rise to high volumes. Interestingly, different process,forms might
become the most appropriate onés depending on the phase of the product life-cycle
the output is in and so we have some kind of a process life-cycle as well. However,
it is important to have a clear focus in the operations of a factory or an office.

3.9 KEY WORDS

An adaptive process: A pn cess which has to continually adapt to mapy external
factors. g |

Produce-stock: A production policy which allows products to be produced and
stocked in our warehouse and sold as and when demand occurs.

Produce-to-order: A production policy which allows outputs to be produced oiily on
receipt of an order from the customer.

Project form of processing: Used to produce an output which is one of a kind.

Reaction times: Time required for an organisation or a system to react to a change
either internal or external.

Matrix organisation: A form of organisation structure in which a dual system of
grouping is adopted, e.g., a person is assigned to a project which he or she retains
membership of the functiorul ~rganisation,

Intermittént form of processing: When the output variety is large, the production
facilities are organised specialisation-wise, thus makmg the material flow non-
uniform, zig-zag and intermittent.

F!cxahnlny refers to the ease with which a productive facility can be used to produce
different outputs."

In-process inventory: The stock of semi-finished products usually required to cushion
the c¢ffect of unequakproduction rates and to balance the high set up cost for some
operations, .

Group technology: Attempts to find groups of component parts, machin -,
equipment and people which can be exploited while organising the team formation

process. ) ) )
Line balancing: Implies that each work station in a production or an assembly line

has an equal work content so that ngwork station has an ldle time, nor does it have
bottlenecks, .

NC or numerical control refers to the use of some form of electronic system for
automating machines and process.

Flexible manufacturing is the approach towards making automated manufacture
flexible both in terms of output characteristics and out;.ut rate.

Analytic process: In an analytic process, a single input is processed :1to many
separate outputs,

Synthetic process: In a synthetic ﬁrbcess. many different inputs are synthesised into
one output,
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3.10 SELF-ASSESSMENT FXERCISES

1 The equipment used in intermitteht flow shops is less specialised than that used in
ops. What about the labour? : '

continuous flow sh

5 Can flexibility or economy be 0

3 Why do you think

managing a high-varic

4 Please explain why

is managing 2

btained only at the cost of each other?

high-volume, continuous operation easier than

ty 'u:nermittem operation?

the in-process inventory is likely to be higher for an

intermittent operation than for a

continuosts flow operation?

5 Hospitals are commonly physi&:ally laid out as continuous flow systems.

(True/False). -

6 The continuous formviof 'p‘_roces’sing is the most economical when the system
requires flexibility. (True/ False).

7 Special purpose €9
general purpose eq

3.11 FURTHER READINGS

uipment are m
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uipment.‘(True/Falsc)
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UNIT 4 FACILITIES LOCATION
Objectives .

After going through this unit, you should be able to:

® understand the strategic importa_pce and objectives of facilities location

@ realise the enlarged scope of dealing with facility rather than just plant/factory
location ’ S A

e identify various factors relevant for general territory selection as well as those

" relevant for specific site/community selection o ‘ .

® appreciate that the location decisions are quite complex because of the existence
‘of subjective intangible factors along with-objective tangible factors

e be in a position to apply some relevant’ technique either subjective, qualitative or
semi-quantitative in nature : o I

@ grasp some simple operational research oriented models .

e realise the need for recognition of the assumptions and limitations 6f the -Te
quantitative models discussed - h

e provide a blend of some good rational qualitative Jjudgment and,the analytical
model solutions o ' Ty

e be in a position to identify relevant factors for facility location

Structure

UG e s

4.1 Introduction

4.2 When does a Location Decision Arise? - ) T
4.3 Steps In the Facility Location Study . IR B 5
4.4 Subjective, Qualitative and Semi-Quantitative Techniques :

4.5 Locational Break-Even Analysis

4.6 Some Quantitative Models for Facility Location

4.7 Some Case Examples ’

4.8 Summary

4.9 Key Words

4.10 Self-assessment Exercises

4.11 Further Readings

4.1 INTRODUCTION |

- Facility location decisions are strategic, long term and non-repetitive in nature.
Without sound and careful location planning in the beginning itself, the new facility
may pose continuous operating disadvantages, for the future operations. Location

- decisions are affected by many factors, both internal and external to the

_organisation’s operations. Interna! factors include the technology used, the capacity,
the financial position, and the work force required. External factors include the
economic political and sacial conditions in the various localities. Most of the fixed
and some of the variable costs are determined by the location decision. The
efficiency, effectiveness, productivity and r rofitability of the facility are also
affected by the location decision. The facilities location problem is concerned
primarily with the best (or optimal!) location depending on appropriate criteria of
effectiveness. Location decisions are based on a host of factors, some subjective,
qualitative and intangible while some others are objective, quantitative and tangible.

Concept of a facility

Traditionally, location theorists have dealt with industrial plant/factory location.
However, the concept of plant location -has now been generalised into that of
facility location, since the facility could include a production operation or service
system. The-term:‘Plant’ has beén traditionally used as synonymous to a factory,
manufacturing or assembly unit. This could.include fertiliser, steel, cement, rice
milling plants, textile, jute, sugar mills, rubber factories, breweries, refineries,
thermal or hydro-electric nuclear power stations etc.




Fucilities Planning However, with the enlarged scope of a facility, this term can now be used to reter 10
banks, hospitals, blood banks, fire stations, police stations, warehouse, godown,
depot, recreation centre, central repair workshop etc. At a lower hierarchical level is
the facility/plant layout problem which will be dlseussed in the next unit. In such a
case machines, equipment, desks, workshop, canteen, emergency room etc. could
mean a facility. Thus, in fact, we could generally state that a- fauhty could connote
almost any physical object relevant to location analysns Let us now see when a
location decision arises.

4.2 WHEN DOES A LOCATION DECISION ARISE?

The impetus to embark umn a fauhty location sludy can ueually be attributed to
vanous reasons: ' :

) It mav anse when a new fauhty is to be estahlmhcd

ii) ln some cases the tacnhty ot plant operations and subsequem expansion are
- restricted by‘a poor sne thereby necessitating the setting up of the facility at a
new snte ~

iti) The growing volufntelmnf business makes it advlsable to estabhsh additional
facilities in new terntbﬂes

iv) Decentralisation and dispersal of industries reflected in the Industrial Policy
resolution so as to achidve an overall development of a developmg country,
would necessnate a location decision at a macro level.

V) It rould happen that the ongmal advantages of the plam have been outweighed
due to new developments

vi) New economic,. sgcnal legal or. political factors could suggest a change of location
of the exmt\mg plant.
sSome or all the above factors could force a firm or an orgamsanon to question
whether the location of its plant should be changed or not.
Whenever the plant location decision arises, it deserves carefhl attention’ because of
the long term consequences. Any mistake in selection of a proper location could
prove to be costly. Poor location could be a constant sotirce of higher cost, higher
investment, difficult marketing and transportation, dissatisfied :ind frustrated
employees and consumers, frequent interruptions of production, abnormal wastages,
delays and substandard quality, denied advantages of geographncal specialisation anc
so on. Once a facility is-set up at a location, it"is very difficult to_shift iater to a
better location because of numerous economic, political and sociological teasons.
Economic reasons could include total costs; profits, availability of raw materials,
labour, power, transportation facilities, markets etc. Social reasons could include
employee welfare, employment opportunities_etc. Po\itkakreasons could be because
of pursuance of a policy of decentralisation, regional aifd developmental planning
especially in a developing country like outs. There could, be security considerations on
risk of military invasions, sabotage from anti-social elements étc. and-some may be
prone to natural calamities like floods, earthquake etc:- Policy matterslike——
anti- pollution etc. would have to be given their due consideration.
Alfred Weber’s analysis was one of the first attempts to base location -decisions on
some sort of analysis, its imperfections notwithstanding: Besides discussing. the
importance of transport and labour cost differentials in deciding location, the main

burden of Weber’s analysis is transport cost of raw material which was least mobile.
One the basis of availability, he categotised raw materials into: (a) ubiquities—to

denote those available almost everywhere like sand, water etc. and (b) localised
materials, having specific locations, which are further divided into pure material
which contributes nearly the totai weight of it to the finished goods, and gross

- material, which contributes only a small fractions of total weight to the finished
goods. It is obvious that ubiquities hardly influence the decision of location. Weber
then proceeds to formulate the material index which equals the weight of localised
material used in the finished product divided by the weight of the finished product
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: ; T ; iche Facilities Loc
Material Index (MI) = Weight of localised material used in finishea product atior

Weight of the finished product

If the material index issgreater than tnity, location should be nearer to the source of

raw material and if it is less than.unity, then a location nearer to market is advised.
The commonsense involved in such conclusion is unquestionable. But such an
approach tacitly assumes the existenc> of a static point of lowest transportation cost

for raw material. . ) o
Later analyses by various other authors, like,-Weigman, Palander, Losch, Ohlin and

others have been attempted on increasingly comprehensive bases such as the
interrelationship between factors like, (a) economic differences—(prices, market),
(b) cost differences—.(productivily, transport. cost and ::ccessibility), (c) human
differences—(attitudes of founders and wage-carners), (d) national characteristics,
and (e) various barriers—(political, geographic-and tran sportation). Let us now sce
how a location study is made. '

4.3 STEPS IN THE FACILITY. LOCAFION STUDY.

Location studies are usually made in two phases namelywy (i) the general terﬁtory
selection phase, and (ji) the exact site/cg)m‘munity selectipp phase amongst those

available in the general locale. The coasiderations vary-at-the two levels, though there
is substantial overlap as shown in Table 1.

Table 1
Overlap of considerations of factors in the two stages of facility location:

‘Phase 11
Particular
Phase 1 Selection of
Genera} Terri- Site and
Location Factors tory Selection Community
I Market ®
2 Raw Materials °
3 Power ® L]
" 4 Transportation ™ )
S Climate and Fuel [ J
6 Labour and Wages Y ®
7 Laws and Taxation ® ®
8  Community Services and Attitude °
9 Water and Waste ()
10 Ecology and Pollution ‘ °
I Capital Availability 3 ®
12 Vulnerability to enemy attack 3 ®

A Typical team studying location possibilities for a | wrge project might involve
economists, accountants, geographers, town planner:, lawyers, marketing experts,
politicians, executives, industrin! engineers, defence < nalysts, ecologists etc. It is
indeed an intcr—disqi_glinary--learp that skould be set 'ip for undertaking location
studies, . - -+ "

Territory Seleétion

Now in step (i) for the general territory/region/area selection, the followi:: - are
some of the .mportant factors that influence the sel« “tion decision.

Markets: There has to be some customer/market fo- your product/service. The
market growth potential and the location of ompet iors are important factors that
could influence the location. Locating a plant or fac lity nearer to the market is
preferred if promptness of service required, if the p' aduct is fragile, or is
susceptible to spoilage. Moreover, if the product is clatively inexpensive and
transportation costs add substantially to the cost, a ccation close to the markets is
desirable. Assembly type industries also tend to loc: e near markets.




Facilities Planning

Raw Materials and Supplies: Sometimes accessibility 10 yendors/suppliexr,é, of'1~z;;3/
materials, parts supplies, tools, equipment etc. may be very important. The issue -

here is promptness and regularity of delivery and inward freight cost minimisaii: i
If the raw material is bulky or low in cost, or if it is greatly reduced in-bulk viz.

transformed into various products and by-products of if it is perishable and !
processing makes it less so, then location near raw materials sources is important. If
raw materials come from a variety of locations, the plant/facility may be situated so
as to minimise total transportation costs. The costs vary depending upon specific
routes, mode of transportation and specific product classifications. ", g

- |
Transportation Facilities: Adequate transportation facilities are essential for the
economic operation of a production system. For companies- that produce or bu&
heavy bulky and low value per-ton commodities, water transportation could béj\ an
important factor imlocating plants. It can be seen that civilisations grew along"
rivers/watepways etc. Many facilities/plants are located along river banks. ‘

M ' LN )
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i, ,\“'Janpgwgr.,slugggy'f:' ;l‘.he aQIai:f%\;bility of skilled manpower, the prévailing wage.

pattern, living.costs and the ingiustria'l relations situation influence the location.

lnfrastructuref'”'fﬂi?’f}iétbr’"ﬁfér’s to the availability and reliability of power, water

fuel and commuri}éfﬁé’ﬂ'facilities in addition to transportation facilities. .
A etz oo ’

Legislation and Taxation: Factors such as financial and other incentives for new

industries in backward areas or no-industry-district centres, exemption from certain’

state and local taxes; octroi etc. are important.

Climate: Climatic factors could dictate the location of certain type of industries like
textile industry which requires high humidity zones.

Site/Community Selection

Having selected the general territory/region, next we would have to go in for
site/community selection. Let us discuss some factors relevant for this stage.

Community Facilities: These involve factors such as quality of life which in turn
depends on availability of facilities like schools, places of worship, medical services,
police and fire stations, cultural, social and recreation opportunities, housing, good
streets and good communication and transportation facilities. '

Community Attitudes: These can be difficult to evaluate. Most communities usually
welcome setting up of a new industry especially since it would provide opportunities
to the local people directly or indirectly. However, in case of polluting, or ‘dirty’
industries, they would try their utmost to locate them as far away as possible.
Sometimes because of prevailing law and order situation, companies have been
forced to relocate their units. The attitude of people as well as the state government
has an impact on industrial location.

Waste Disposal: The facilities required for the disposal of process waste including
solid, liquid and gaseous effluents need to be considered. The plant should be
positioned so that prevailing winds carry any fumes away from populated areas and
so that waste may be disposed off properly and at reasonable expense.

Ecology and Pollution: These days there is a great deal of awareness towards
maintenance of natural ecological balance. There are quite a few agencies
propagating the concepts to make the society at large more conscious of the dangers
of certain avoidable actions.

Site Size: The ﬁlét of land must be large enough to hold the proposed plant ard
parking and access facilities and provide room for future egpansion. These days a
lot of industrial areas/parks are being earmarked in ‘which certain standard sheds

are being provided to entrepreneurs (especially small scale ones).




"l'opography. The topography, soil structure and drainage must be suitable. 11

‘considerable land 1mprovement is required, low priced land might turn out to be

~¢xpenswe S )

)
'l’ransportatlon Facilities: The sne should be accessible by road and rail preferably.
The dependability and character, of the ava;lable transport carriers, frequency of

1jerviceand freight and terminal facilities is also worth considering.

Y

0 )Sunporlmg lndus(rles and Servnces. The avallablhty of supporting services such as

tonl rooms, plant services efc. need to be considered. -
Land COSlS' These are generally of lesser importance as they are non- recurrmg and

possnbl'y make up a relatively small proportion of the total cost of locating a new

N plam Generally speaking, the site will be in a city, suburb or country location. In
" general the location for large-scale industries should be.in rural areas, which helps

in reglonal development also. It is seen that once'a large industry is set up (or even
ifa decision to this effect has béen taken), a lot of infrastructure.develops around it
as a result of the location decision. As for the locatnon of medlum scale mdusmes,
these could be preferably in the wburban/semx-urban areas whére the" ddvdrtages of
urban and rural areas are available. For the Small-scale Industties, the location

" could be urban areas where the infrastructural fagilitigs are;already available.

However, in real life, the situation is somewhat paradoxjgal as people, with money
and means, are usually in the cities and would like to locate the units in the city

. itself.

"\'-‘ N
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Some of the industrial needs and characteristics that tend to.favour each of these
locales are now discussed. Requirements governing choice of a city location are:

Availability of adequate supply of labour force. ‘ W
High pronortion of skilled employees.

Rapid public transportation and contact with suppllers and customers.
Small plant site or multi floor operation.

Processes heavily dependent on cit, facilities and utilities.

Good communication facilities like telephone, telex, post offices.

Good banking and health care delivery systems.

N ANV A WN

Requirements governing the choice of a suburban location are:

1 'Large/plémt site close to transportation or population centre.

" Frée from some common city building zoning (industrial areas) and other"
restrictions. v '
Freedom from higher parking and other city taxes etc.
Labour force required resides close to plant.
Community close to, but not in, large population centre.
Plant expansion easier than in the city.

(= WAV, P SN 8 }

Requirements governing the choice of a country/rural location are:

Large plant site required for either present demands or expansion.
Dangerous production processes.

Lesser effort required for anti-pollution measures.

.Large volume of relatively clean water.

Lower property taxes, away from Urban Land Ceiling Act restrictions.
Protection against possible sabotage or for a secret process.

Balanced growth and development of a developing or underdeveloped area.
Unskilled labour force required. v

Low wages required to meet competition.

Facilities Location



4.4 SURJECTIVE, QUALITIVE AND
SEMI-QUANTITATIVE TECHNIQUES

~"I nree subjective techniques used for facility location are Industry Precedence;
Preferential Factor and Dominant Factor. Most of us are always looking for some
precedents. So in the industry precedence subjective technique, the basic assumption
is that if a location was best for similar firms in the past, it must be the best for us
now. Ag such, there is no need for conducting a detailed location study and the
location| choice is thus subject to the principle of precede’?fce-—good or bad. However
in the case.of the preferential factor, the location decision is dictated by a personal,
factor. 1t depends on the individual whims or preferences €.8. if one belongs to a
particular state, he may like fo locate his unit only in that state. Such personal
factors el override factors of cost or profit in taking & final decision. This could
hardly be cailed a professional approach though such methods are probably miore
common in practice than generally recognised. However, in some cases of plant
location ther= could be a certain quninant factor (in contrast to the preferential
factor) Which could influencs the location decision. In a true dominant sense,
mining or petroleum (ﬁ}mg operations must be located where the mineral resourc.
is available. The decision-in this case is simplv whether to locate or not at tae
source. ‘

For evaluating qualitaﬁve factors, some factor ranking and factor weight rating
systems may be used. In the ranking procedure, a location is better or worse than
anocther for the particular factor. By weighing factors and rating locations against
“these weights a semi-quantitative comparison of location is possible. Let us now
discuss some specific methods.

Equal Weights Method

We could assign equal weights to all factors and evaluate each location along the
factor scale. For example, Banson, a manufacturer of fabricated metal products
selected three factors by which to rate four sites. Each site was assigned a rating of
0 to 10 points for each factor. The sum of the assigned factor points constituted the
site rating by which it could be compared to, other sites.

Table-2
Decision Matrix

e ————— T T

T
Factor Potential | .
) Sites | S S S S. -
. . —> | .

F, - 2 5 9 2

F 3 3 8 3

F; 6 2 7 3
Site Rating 1n* 10 24 8
Sample Calculation : 1 2+3+6

F Factor; \‘,F' Factor |; S Site; S, Site 1.
Looking at Table 2, Site 3 has the highest site rating of 24. Hence, this site would
‘ be chosen. -

Variable Weights Method

The above-method could.be utilised on account of giving equal weightage to all the
factors. Hence, we could think of assigning variable weights to each of the factors
and evaluating each location site along the factor scale. Hence, factor Fi might be
assigned 300 points, factor 2 might be assigned 100 points and factor 3 might be
assigned 50 points. Thus the points scored, out of the maximum assigned to each of
the factors, for each possible location site could be obtained and again the site
rating could be derived as follows




Table 3 Facilities Locatios
Decision Matrix

Factor Max. Pts. v Potential Sites - o

. . S, S, Ss S,

- Fio (300) 200 250 250 50

F, (100) 50 70 80 100

F; - (50) S 50 10 40
Site Rating 255* 370 340 190

*Sample Calculation 255 = 200 + 50 + 5 - )
Looking at the Table 3, Site 2 has the highest site rating of 370. Hence, this site
would be chosen. : = ' .

Weight-cum-Rating Method I Tl T L RS
We could have yet another method of evaluating a boten:ial'ldéétibﬁ'Site. We could

assign variable weights to each factor. The locations are then rated by a common":“
scale for each factor. The location point assignmerit for the Fadtor is then obtairied
by multiplying the location rating for each factor by the faétor weight. For example,
rating weights of one to five could be assigned to the three factors F, (Labour
climate), F: (community facilities) and F; (power availability and reliability),

as 5, 3, 2 respectively. Now for each of the factors, sites Si,.%, S, or S could

receive 0 to 10 points as follows. Now each site rating could be obtained.
‘ Table 4 -
Decision Matrix

i P

Factor Factor Rating Potential sites
Weights : S S, S; Se
F, 5 2 5 9 2
F, .3 3 3 8 3
F, o 2 6 2 7 3
Site Rating : ©3ge 38 83 TS
*Sample Calcilation =) X2+@3)x3+ @ %6 '

As sho‘wn in Table 4, the sample calculation should hopefully suffice to obtain the
site ratings. Hence, site S3 with the highest rating of 83 is chosen, :
Factor-Point Rating Method ‘

Adequate, Good and Excellent were selected to be used in éva]uating each site for
each factor. For each of the factors, ‘adequate’ wag assigned a value zer
negative and positive relatjve worth weights were then assigned the subjeetive ratin

below and above adequate for each factor in Table 5. 88

Table 5
Factor Point Raiings Sample
Poor Fair Adequate Good * Excellent
Factor F, Water Supply -15 12 0 6 10
F; Appearance of Site -3 -1 0 1 2
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‘Table o
Decision Matrix

Factors Potential Sites
_ S 8, ) -1 : Ss
F, (Adequate) 0 . (Fair) 12 (Good) 6 (Adcquate) 0
F, (Adequate) 0 (Poor) 3 (Excellent) 3 (Fair)’ 1
F; (Adequate) 0 . (Adequate) 0 - (Adequate) 0 (Adequate) 0
Site Rating 0 R 9 -1
*Sample Calculation “15= 1)+ =D+ O -

Accordingly Site 3 with the highest rating of 9 would be chosen.

In rhost cases, hardly any attempt is made to establish a direct relationship between
the site rating point value and the cost values. Usually, this is left to the management.
The location apalyst presents to management both the cost and-the intangible data
results. In such cases, management could take a decision based on a simple composite
measure method illustrated below with the aid of a numerical example.-
.Camposite Measure Method . ‘ )
Leti'as enlist the steps ofithe:composite measure method

‘Step-1 Develop a list of all relevant factors.

Step-2 Assign a scale to each factor and designate some minimum.

Step-3 Weigh the factors relative to each other in light of importance towards

: achievement of system goals. .
Step-4 -Score each potential location according to the designated scale and

multiply the scores by the weights.

Step-5 Total the points for each location and either (a) use them in
conjunction with a separate economic analysis, or (b) include an
economic factor in the list of factors and choose the location on the

basis of maximum points. . . .
Now let us illustrate the composite measure method with 2 numerical example. There

are three potential sites and five relevant factors like transportation costs per week,
labour costs per week, finishing material supply, maintenance facilities and ,
" community attitude. The costs are in rupees whereas for the last three factors, points

are assigned on 0-100 scale. The data collTected is shown in Table 7 below.
’ : T Table 7

Payoff Matrix

Potential Location Sites

Flgtors S S S
Transportation cost/ week (Rs) - F, 800 640 580
Labour cost/week (Rs.) F, 1180 1020 1160
 Finishing Material Supply F; 30 80 70
Maintenance Facilities’ F, - 60 20 30
~Community Attitude . Fs 50 80 70

T}l@ location analyst has pre-established weights for various factors. This includes a
%tanc?ard of 1.0 Tor each Rs. 10 a week of economic advantage. Other weights -
applicable are 2.0 on finishing material supply, 0.5 on maintenance facilities and 2.5
on community attitudes. Also the organisation prescribes a minimum acceptable scor
_ of 30 for maintenance facilities. ,
First of:all let us.look at the economic factors Fi and F2 for which monetary values
were possible. 1f we total the costs for each site, we get the costs for sites S1,"S and
S; as Rs. 1980, Rs. 1660 and Rs. 1740, respectively. Thus site i would be the worst
cost wise. Site S would have an economic advantage over site S, to the extent of
Rs. (1980 — 1660) = Rs. 320. Similarly, site S3 would have an economic advantage
over site S to the extent of Rs. (1980 — 1740) =Rs. 240. Now the monetary value in
Rs. can be converted to a point scale as you would realise that a standard of 1.0 is
to be assigned for each Rs. 10 per week of economic advantage. Thus we could get

/the following Table 8.




:l‘able 8 Facilities Location
Decision Matrix '

| - Potential Location Sites
Fa . 5 N <~
‘ Fictors Weightage . S S; S;
Combine¢ (F, + F;) Economic
Advantage 1.0 0 32 24
F o 20 30 80 70
F, 0.5 60 20 30
Fs ‘ 2.5 0 .80 70
Composite Site R;!ing *215 :402 : ) 354
* Samplé calculation - 215 = (1.0) X 0 + (2.0) X 30 +(0.5) X 60 + (2.5) %30 1 .
: - : ‘ Shoe i L2008y fona il .l .
Activity A ; e hstazinlit e e carpaa,

" Based on the previous table, the location analyst site S, on thé'Basis that site S,fﬂ’l'iﬁs'a maximum
location site rating of 402. Do you agree? State reasont for either agreeing or disagreeing .

PRty EALRM ) o

Now on referring to cgrtain prerequisites for certain factors, because of the nature of
the situation, a constraint in the form of a site scoring at least 30 on account of
maintenance had been given. You would be able to observe that this basic
rcquirement is not met by site $. In fact any further calculations for § need not
have been carried out as soon as one detected this flaw. However, we deliberately
persisted on going through all the calculations. There could have been the possibility
of revision of the maintenance clause constraint viz., perhaps it might have been felt
that a bare minimum score of 15 would suffice. InSuch cases. therefore, it is better
to go through all the calculations and when finally taking a decision, do keep the
constraints in -mind.

4.5 LOCATIONAL BREAK-EVEN ANALYSIS

- Sometimes, jt is useful to draw location break-even charts which could aid in deciding
which location woul.d be optimal. The location of a Tractor factory in a South
Delhi site will result in certain annual fixed costs, variable costs and revenue. The
figures would be different for a South Bombay site. The fixed costs, variable costs

~‘and price per unit for both sites are given below in Table 9. '

Table 9
Cost Data
Location Site Fixed Costs Variable Costs Price Per Uhit
So@(h Delhi (S)) 40,00,000 30,000 . 75,898
South Bombay (S,) 60,00,000 24,000 - 82,000

Let us assume that the expected sales volume as estimated by a market research team
is 95. ' ‘



Figure I: Y'ocational Break-even Charts ., AN
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South Delhi (S:) Lo South »Bombay- (S2) '
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The data or Table 8 is depicted pic orially in hgure 1 showing the location break-cver
charts. Ncw the break-even point 1s defined to be the point or volume where the
tota). cost equal total revenue. Thus for each site S1 and S32, the break-even point

can be d- ermined by using a simpl: formula (which could be easily derived) as
follows:

aned Cosrs

' Vv =
Break-: en olume (BE) (Re\ 2pue per Unit— Variable Cost per Unit)

At the South Delhi Location Si

40,00,000
BE = —
‘75,898——30,000

= 87.1497 = 88 tractors.":

and at the South Bombay location S 2,

60, 00 000
BE = = 103.448 = 104 tractors.
82,000—24,000

“Let us see what would be the profit or loss for :he two sites at the expected volume

 of 95 Units. The calculations are shown in Table 10.
Table 10
Cost Comparisons

South Delhi (Sy) o South Bombay (S;)
\Costs Costs
Fixed -.40,00,000 Fixed 60,00,000
Variable 28,50,000 Variable 22,80,000
e e e .
68,50,000 . 82,80,000
Revenue Revenue .
75,898 x 95 = 72,10,310 : 82,000 x 95 = 77,890,000
Profi (72,10,310—68.50.00)3 CLos. = (77,90,000—82,80,000)

=1,80,153. = 4,90,000




Activity B ' . ’ .

What would be the'expected revenues for an estimated volume of 95 Units if the
- factory is location at (i) at South Delhi and (ii) at South Bombay? Where you would

like to locate the factory? /

.......................................................................................................

Now what do we find? The South Delhi (S)) site is preferable, eventhough the
revenues are lower, since the Company will lose money by locating the plant in

Soxfx'n Bombay (S2). »
4.6 SOME QUANTITATIVE MODELS FOR FACILITY
LOCATION R e e

Various types of quan:itatiyé models (or operations-research models) have been used
to help determine the best facilities location. Let us:describe a few models that are
simple to understand and powerful enough to give ¥me 'good answers that could aid
you in taking a location decision. :

Median Model - i K

Let us discuss the simple median model wh‘icfh is based on the assumption that the
mode of interaction or the path of movement/transportation of foad is ‘done on a
rectangular/rectilinear pattern. The movement is similar to the movemeént of ‘rooks’
on a chess board. Thus all movetents are made horizontally along and east-west
and/or vertically in a north-south direction. Diagonal moves are not consid:red. You
could refer to Figure II for a diagrammatic portrayal of the rectilinear path. The
paths I, II, Iil and IV are all alternative rectilinear paths:-between two reference points
say a new facility, P, having coordinate locations (x, y) and an ancillary existing
facility, A having coordinate locations (a,, b;)). Though there are alternative rectilinear
paths, the rectilinear distance betwcen the points A and P is however unique and itis

mathematically stated as - )
Dr =-Rectilinear Distance = | x—a,| + |y—b;}"
Figure I : Rectilinear Model Illustration
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Now there would be some interaction by way of say the annual number of loads to
be moved between two reference points: We could safely assdme that the N o

. ;transportanon cost .for a load is proportional to the distance for which it is moved
This assumption could be questioned on the plea that there is.a ‘telescoprc schem,e
of rates charged in actual practice by Indian Railways. The total transportatlon cost is
obtained by adding the number of loads to the times the rectilinear dnstaﬂce is
mqved g

m
(TC) Total Transportation Cost = 2 Li xDj

Where L. is the numbcr of loads to be moved between the new facxhty to be located
and-the ancill ary exxstmg i* fécﬂlty (sayiraw material sources or market distribution
outlet pomts), l?1“&1& rectilinear distapce between a new facility and i" existing -’

facnhty an umb;r of anc1llary existing facilities.
tns ( rm rw Yamm 2

POFOREETINEY f f)!k it g . Y

_‘nms as a location analyst, wnitssentially want to determine the ‘least transportation
cost’ location solution. The simpl¢'median model can help answer this quesnon by
using these three steps.

i) Idefkify the median valiié of thé total number of loads moved.

- §i) “Find (He" X-coordmatc value of the existing facility that sends (or receives) the
mediah’' lbad®and ™' _

iii) Find the Y-coordinate value of the existing facility that sends (or receives) the
median load.

The x and‘y values found in steps (ii) and (iii) deﬁne the desired optimai ( best)
_location of the new facility.

Let us illustrate the above steps with a small example. Let us assume that a new
processing plant is to be located. It would be receiving certain raw materials from twc
supply sources, S1 and S. It would be sending its finished products to two
distribution points, D; and D2. The coordinate locations of the sources and
distribution points are shown in Figure III below.

Figure 111 : Sampie Problem Data

Current Location of Raw Material Source S,, S;
and Distribution Points D,, D,

-
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'Now in step (i), we have to identify the median value of the total number of loads
moved. The total load moved is 220 (viz. 60+ 70+ 40 + 50=220). The median number
of loads is the value that has half an equal number of loads: above and below it.
When the total number of loads is odd, the median load is the middle load: in case
of an even number, the median loads are the two middle loads. Thus for 220 loads,
the median loads are 111 and 110 since there are 109 above and below this pair of
values.

In step (ii) Let us now determine the ‘3(-coordinate of the median load. We could
place in an ascending order the x-co-ordinates of the existing facilities viz. it is just
going horizontally from left to right in Figure III. Thus the order of the existing .
facilities would be as S1, S;, D} and D, ‘having annual loads of movement of 60,
70, 40 and 50, respectively. Loads 1 to 60 ’ag'e shipped tg}' ﬁgr‘gﬁ; S;; ﬂi"{l‘.ﬁam' Loads
61 to 130 are shipped by source S'» at X 2 =30. Since ‘the median loads (110) and
“(111) fall in the interval 61 to 130, therefore, x =30 is the best x-co-ordinate location

for the new facility.

Similarly, in step (iii), we can determine the y-co-ordtifte of the median load. In this
case we move vertically upwards. From Figure 11, it ¢an readily be seen that this
ascending order would be represented by the existing facilities S2,S1,Dyand D3’
with annual movement of loads to the tung of 70, 60, 40 and 50, respectively. Loads
1 to 70 are shipped by source S; 4 Y: = lO.»’Loads-?l to 130 are shipped, by . source Si
at Y) =50. Since the median loads (HO and 111) fall in the interva), 71: te 130,
therefore Y = 50 is the best Y-coordinate location for the new facility.

i~

Tn  the optimal best location for the new manufacturing facility i_s (x= 30, y-SO?.
Location at this point minimises annual transportation costs for the above production

distribution system.

‘ . -
Now the total transportation cost as explained earlier on is TC = El Li. Di
and as Di is the rectilinear distance

TC= g; [Li |x-ai | +ly-bi|]

Let us assume that each distance unit cost is Re. 1 per load.

At x=30, y =50 viz. the optimal location of the new facility, the total cost TC can be
computed as follows: A

60 [130-10 1+ 150-501] = 60 (20 +10)=1200
70 [130-30 |+ 150—101] = 70 (0 + 40) = 2800

- ili - - = 10)=800
c) Cost for New Facility to D, 40 [130—-40 |+ 150—601] = 40 (10 +
d) Cost from New Facility to D = 50 [130—-601+150-70I] = 50 (30+ 20) = 2500

TC=(a) + (b) + (c) +(d) = 1,200 + 2,800 + 800 + 2,500
viz TC=7.200

" a) Cost for Si to New Facility
b) Cost for S; to New Facility

nononon



Activity C : p
Supposing the new facility ata place atx =50, y =30. What would be the total transportation
costs in this case? is it a better location than the new location at a (x = 30, y = 50)? '

R R R R ]
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T.h» medi?p model is very °W§Bl§1}ﬂ pperate. It could suffer fromn some ajor

disadvantages such as: e

. -mllast N e s

i) It assumes that only one single new facility is to be located ‘

ii) every point in the (x,y) plane has been assumed to be an eligible point for the
location of the new facility.

es . . obg . . .ge

iii) the median model is vahd,iwhen the mpvement is based on a rectilinear mode only.

Let us now look at another model, which though a single facility model, doesn’t -
assume the rectilinear mode of interaction. This is popularly known as the Gravity
Model:

The Gravity Model

The technique determines the low cost ‘Centre of Gravity’ location of a new facility
with respect to the fixed ancillary existing facilities like source suppliers (S1, S2 etc.)
and distribution points (D 1, D2 etc.) for which each type of product consumed or
sold is known. Let us use the same data as that of the median model and thus let us
refer to Figure 111 once more. The only difference is the mode of interaction _
between the single new facility and the existing facilities. In this case we assume that
all goods move in a straight line joining the ancillary facility and the new facility.

This is the so-called ‘Euclidean’ mode of interaction and is in fact the shor st
distance between any two reference points.




Thus D. = Euclidean Distance ={(X-3i)2+(y-0j}£

Th}_us the toial transportation costs in this case are :

TC, (Total transportation cost) (Euclidean case) = ¥ (LiDi)
, i=1

m
viz TC, = E: L; [/x-aj/2+/y~b,'/2]

i J

Our aim, once again, is to determine the location of the new facility at (x,y) such that
TCe. viz. the total transportation costs are as minimum. We will not get into a
discussion on certain analytical problems and difficulties in obtaining optimal
solutions ai this stage/level, but rather preseni an analogue model and a gravity
model which are simple to understand and could be readily applied.

The concept underlying the techiigae is best Visualised as a series of strings to which
are attached weights corresponding to the loads ‘weights of raw materials
consumed/despatched at each source and of finished Boods sold /received ateach .y
distribution point/market. The strings are thrédded Mrddgh holes in a flat plain “
metallic sheet; the holes correspond to the ancillar)_' fac"lit _)locations. The other ends
of the string are tied together to a small concentric g, g'ﬁie ring will finally reach an
equilibrium based on the principle of equilibrium of coplanar forces. This equilibrium

will be the centre of mass or the ton-mile centre. It is for this reason that this model is
also calied the Gravity Model. This mechanicil anafogue'fnodel constructed on a

weights/loads. Due care and precautions have to be taken for preventing short
circuits by appropriate insulation devices. It will be noticed that when the central
plug/ring is moved fo different locations, the total resistance in the circuit changes.
Determining a point with minimum total resistance is analogous to the gravity
solution viz. the least cost location solution.




Tigure 1V : Anaiogue ModeI-Deliails
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’ 'frhus for our example under discussion now from supply sources S;, 5; to the new
acility

2
T L =60+ 70=130

i=1

Z (La) = (60810) + (70x30) = 600 + 2100 = 2700

and from new facility to distribution points Dy and Dz

(L)= 40+50=90

o MN
-

2 . '
T (L; aj) = (40x40) + (50x60) = 1,600 + 3,000 = 4,600

2 2

i§|l“a‘ (source-new facility) + En La (New facility — distribution points)

X =

.2‘ L; (sources-new facility) + $ L (new facility — distribvtion points)
i= ' i=]




_ 2700 + 4600 _ 7300

X==—T30+% 'zzo=33"9

Similarly y can, be determined on similar lines from supply sources to the new facility
e . .

2 -
:El (Lj bj) = (60x50) + (70x10) = 3000 + 700 = 3700
and fror;v the new facility to the distribution points
,Zi(hh) = (40 x 60) + (50 x 70) = 2400 + 3500 = 5900
i= ) .
Total load ‘El Li = 220 as before
I=

3 > ‘ ol — <,
El Lib, (sources-new fac. + 'E  Lb, (ngg;{ac.—distribum@ poigts)
Hence y = 3 i o -
' ¥ L. (sources-new fac.) + ¥ L, (Ne%faco-distribution.\‘\points) 4
i=1 i=1 3 S
3700 + 5900 _ 9600 ] .
= = 43.63 |

o = =
YT T30 +9% | 220
Thus the gravity model solution is to locate the new fqgiliiy_ap‘a point (33.19, 43.63) -
for which least total transportation costs would be incurred ih the case of Euclidean
_(strictly square of Euclidean) mode of interaction

Let us compare the results of the median and gravity models. The median model for
the rectilinear mode of interaction assumption gives the optimal location of the
facility at (30,50) whereas the gravity model for the Euclidean (strictly squared
Euclidean) mode of interaction gives the optimal location of (33.10,43.63). 1t is
therefore necessary for the modeller to know the exact nature of the ianode of
interaction between the new and ancillary facilities. It is quite possible that the
location solution could be highly sensitive to the mode of inieraction.

You would have noticed that we have only discussed the location problems dealing
with just a yngle new facility and also what is termed as a minisium objzctive of
minimising the sum of weighted appropriate distances. There could be cases when the

location as determined above turn out to be non-feasible, because of existence of
certain restrictions or limitations. Methods are available for drawing iso-cost contour
lines which aid the decision maker to take subsequent appropriate decisions.

- Sometimes a minimax objective might be more suited in which case the location
analyst attempts to minimise the maximum weighted appropriate distances. ‘Such a -
criterion would be applicable in emergency like facility location problems of fire
stations, hospitals etc. Minisium objective situations are appropriate for locating
factories, warehouses etc. *

There are quite a few operational research techniques that aid the location znalyst.
Some of these are linear programming, transportation along with, heuristic i
programming, simulation, direct search procedures, graph theory, goal programming
etc. Banwet has given a comprehensive review and progress in facilities location which
could be referred to by those interested in further reading on the subject.

You would have observed that facilities location decision is based on a set of factors
some of which are tangible/objective whereas some are intangible/subjective in
nature. Brown and Gibson have proposed a composite location measure to aid the
decision makers. :



Composite Location Measare Model-2 ‘

Let us now discuss Brown Gibsons model which provides a composite location
measure of the objective and subjective factors. We: illustrate the procedure with the
help of an example, : '

Step-1. First of all identify the factors that deserve to be included in the stud¢ and -

. determine which of these must be absglutely satisfied, e.g:, there is no .point in
choosing" a site having a scarcity of water whereas the plant requires an abundant.
water supply. Say the objective f,a,g:tor%,arc labour, marketing, utilities and taxes.
Now for the subjective fagt,ggs,.;_b_gse g@uld include housing, _recrea;ion and competition

Step-2. Let us derive an objective facto .(OF) for i"" location site by multiplying that

site’s fUPCSGQﬁS;&Q; @» mﬁ;?}‘f” of, thé@éﬁciprocals of all the costs ¥ (1/C;), and
take the venst-of B REQHHSE: " ‘

Viz O, P_:, (&, 21 o)l

Thus if we have the following.datg. for three possible sites, OF can be obtained as
below: ' o

7’7}}mual costs intéhousands of Rs.

Site () '.  ToulG

Labour Marketing Utitities ~~ Taxes ,
1 248 181 74 16 519
2 211 202 82 8 503

3 230 165 . 9% 2y 506

3(1/Cj) =1/519 + 17503+ 1/506 =0.005891
OF) = (519 x 0.005891)~ ! =0.3271
OF;, = (503 x 0.00589t) ~ ! =0.3374
OF3 == (506 x 0.005891) ~ ! =0.3355

Step-3. Let us now deal with the subjective intangible factors with the help of a
forced pair-wise comparison rating method. This procedure is first applied to rank
the importance of the factors (I, ) for housing, recreation and competition; and is
then applied to each site to rate how well that site satisfies the factors (Si ). These
two ratings are combined to obtain a subjective factor (SF:) ranking for each site as

SFi == Z (Ik ;Sik)

The factor comparison is made in pairs. If one factor is preferred over the other, the
one preferred is given 1 point whereas the other factor is given 0 points. Thus the

table below is quite self-explanatory. If one is indiflferent‘ between the two factors,
1 point each can be assigned as seen in decision 3 while comparing factors B and C.

-
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Comparisons 1> son

Factor _—  Sumof Factors
1 02 3 preferences. Rating (Iy)

A: Housing o T : | 2/4=0.5
B: Recreation 0 1 1 1/4=0.25
C: Competition . o - 1 1 1/4=0.25

i Tatal 4 1.0

Next each of its factors A;mendr C is then-evajuated for site preferences in a similar
manner

Factor- AiHousing Factor B: Recreation
Decision - ., Decision ‘
Site 1 2 3 Sax j.‘Sile . 2 3 Sey -
1 1 0 0.3% 1 0 o a
0 0 13 2 1 D .0.67
3 I i 0.67 "3 N 0 033
Factor C: Compeition . -« Songsmaty of subjective factors:
Decision ‘ ~ -Site Rating Importance
Site I 2 3 Sck . Factor i1 3 3
1 1 o 0.25 A 033 0 0.67 035
R AN T 0 - 0.25 B 0 - 0.67 €.33 0.25
RS T NS SR TR IS | 1 0.50 C 0.25 0.28 0.50 0.2

We can now calculate the subjective factor value (SF)) for each site as follows:

SF) = (0.5) (0.33) + (.25 () + (0.25) (0.35) = 0.2275
SF2 = (0.5 (0)  + €0.25) (0.671 + (0,25) (0.25) = 0.2300
SF3 = (0.5) (0.67) + (0.25) (0.33) + (0.25) (0.50) = 0.5425

n
Il

il

Step-4: Now depending on the partigs concerned would depend a weightage (X) given
to the objective versus subjective factors. Let us say we give a two thirds weightage
to objective and only one third weightage to the subjective factors.

Viz, X = 0.667.

Step-5: Assuming that all sites that failed to meet the minimum levels set for the
critical factors. ik step-1 have been eliminated for the remaining sites, a eothposite
location measure (LM;) can be obtained as follows:

(LMj) =% (OF}) + (1-X) SF;
Using the data generated in steps 2, 3 and 4, we have

LM} = 0.67 (0.3271) + 0.33 (0.2275) = 0.29423
LMg = 067 (0.3375) + 0.33 (0.2300) = 0.30203
‘LM3 = 0.67 (2.3355) + 0.33 (0.9425) = 0.4038}

The site 3 is preferred. A sensitivity analysis could be done by varying the values of
X. It will be seen thatif X is very close to 1, site 2 would be preferred.

Bridgeman’s Dimensional Analysis

As has already been observed, while selecting plant locations, we want to optimise
different objectives which are interrelated but cannot be represented in the sume
dimensions. The location decision can be taken by making use of Bridgeman’s
dimensional analysis. Let us construct the utility payoff matrix once again as shown
in Table below:



Potential Locations Sites s oo
Factors : ' " Weightagé of

Sy S2 S3 S4 factors
F) X1 X12 X13 X14 Wyt
2 X21 X2 X23 X4 . Wil
F3 X31 N3 X33 X34 o W3

e viad £ s
where’ X;i; =1utility of ha\ ing. m -plant in lo\,anon j with respect to the 1 1acioi.
The utility values could be put-in Rs. . for, dw quantifiable cost oriented factors whilsi
the hon-quantifiable non-cost fagiors.are worked out by using a rating scale.

rdghesine, .
In lhlS method we compare palp-‘\’yuse Ipcations in ratio with each other. A ratio R, a

dimensionless quantity is then obtamed as follows:
say we compare sites Sy and & -,
',\‘ ’

S * Preference for location 1

Hence Rz = — -
“Preference for location 2

w w
x ()" x (R2)

If Ri2 >1, then the outcome of location site S is better than the out-come of
location 1. In this manner we can get other pair wise comparisons and would be thus
in a position to choose the best site.

Let us take an example.

viz" Ry = (-)Eﬂ-)

All Illustrative Example

Factors S Sz Weight
Building cost and ' 2500,000 1500,000 4
equipment costs :
Taxes (per yr.) . ’ 250,00 100,000 4
Power cost (per yr.) 100,000 150,000 4
Community Attitude 2 4 1
Product Quality 4 6 5
Flexibility to adapt to s 0 2
situations

N 4 P 1
) (228 8+

< () < )

viz, Riz =0.02. As Riz<01, hence location site 1 is better-than location site 2 and is
therefore selected. .

Henece Ry = (




4.7 SOME CASE EXAMPLES

By now we have 'h:;ld" guite an exposure to quglit'ative, semi-q;;alitgtive,» q?gntltaxve
and analyrical techniques which could aid in t.a_kmg a proper \loc.atlon. de ‘sion. t
location decision is quite a difficult and cpmp}ex problt?m especially in the contex
of a developing country like ours which has a large variety of problems.

The distribution of industrial activity has been extremely uneven, because of
unreasonable and neglected policies of the rulers/administratprs of the country over
the years. Almost about 50% of factory workers are found in Bombay an;i7
Calcurta. In 1951, 42% of factories were in the above twc? cities .where 67% share

' of total industrial capital was invested and 63% share of industrial workers was
engaged. Such tendencies of centralisation» are becguse of factgrﬁs of A.agglomerano‘n.
Agglomeration refers to the advantages-gained dueftoﬁpx.‘oducu(‘)n,b.cmg. made less
ex};ensive due to the cor‘ycemlration of indp_s;rieg. In t«‘l'ye’lhndusm.al fv;ld,honev ganw_ t
easily note the clustering/grouping together/Io¢alisation ‘of the jute 1{\du,spr,y in Wes
Bengal and Textile Industry in Bombay and Apmﬁgfia_bz‘ad. !jqwever, if __due u:) lany
reason, the industrial unit is either unsuqcessﬁg{ dxf.glf;@e d]fflgul§ labqu.r prof ems
crop up, then there are a lot of subsequent hardshlps. 'Also with tlf.xe pom.t;.o a ’;frx]ew
of war and safety, the concentration of industry might not be a wise decision. The
concentration of industry leads to the accumulation of uqreasppab!c-amoum 9f
workers which in turn creates crowded conditions, pollution, housing, schooling |

: i LA |

After independence, the government is trying to bring about a regic;na] balance in
industrial location as reflected in the Industrial Policy resolutions that favour
dispersal/decentralisation (because of the advantages of deglomeration factors).
Balanced growth of all the areas or judicious dispersion of facilities in all the.
regions enables the nation to utilise both human and physical resources more
effectively and efficiently. Agricultural, mineral and other resources can properly be
tapped. Moreover,employment opportunities would be more equitably distributed.
The needs of a particular ‘area or community \'ould also be served, It would foster
national unity and check regional dissatisfaction. The North-Eastern Region has
been neglected for quite some time. It is now being given its due consideration. .
Several problems of a socio-economic nature such as, acute shortage of housing and
essential food materials, spread of epidemics, diseases, gambling etc. arise due to the
creation of slums. The slums can hopefully be reduced by proper dispersion .of

. industries. The people come to cities in search of employment. This migration could.
be checked provided the right opportunities are provided at the right time. ‘

Let us see where some industries other than the jute and textile industries which
prefer-a climate having high humidity are located.

Steel Plants: We find that most of the steel plants lie along the Bihar, Bengal,
Orissa belt. In the manufacture of steel, it is always economical to transport the
finished product rather than the raw material inputs like coal, lime-stone and iron
ore because during production considerable weight reduction is involved. You might
be knowing that there also exists a port based steel plant at Vishakhapatnam, which
in addition to taking advantage of proximity of iron-ore and coal also avails of the
port facilities which aids in importing plant and machinery during the construction
phase of the steel plant and in exporting the finished products when the plant goes
into production.

v/
Cement Plants: Again in the case of cement manufacturing plants, the raw materials
lose weight significantly in the process of transfrmation, and so the cement plants
are located near the lime stone and coal deposits.



Fertiliser Industry: The main feed stocks for the fertiliser mdustry are gas, oil or
naphtha and coal. Here gain the fertiliser plants are located near the source of raw
* materials. The locations of fertiliser plants at Namroop and Thal Vaishet based on
‘gas, and those at Ramagundam, Talcher and Sindri based on coal are examples. In
the case of naphtha or oil based plants most of the feed stock reqmred is lmported
and hence, the plants are located near the ports.. :

Mangalore Fertilizers at Mangalore, Madras Fertilizers at Madras, FACT at Cochin
and Hindustan Fertilisers at Haldia are the relevant location examples.

Machine-tool Industries: Unlike the previous cases discussed, in the machine-tool
““industry case, the proximity to the source of raw material is not very significant. A
number of other factors such as market factors and infrastructure will come into the
picture. The.machine tool industry is'scattered over different parts of the country
suchtas Bangalose,. anbay,'Calcutta, Ludhnana etc.

Nuclear Power Statlons. The selqctlon' and evaluation of sites of nuclear power plant
throughout the world hayg become increa-ingly difficult in recent years as pressure
from various societal segments, has resulted in strict consideration of the

_ institutional environmental, safety, socio-economic and engineering factors affecting
the siting, construction and operation of such facilities. A comprehensive site
selection process presents a formidable task to the decision makers. The site: selectior
methodology combines selectlve screening to narrow down the search area and - a

classification and rating scheme to rank. siting possibilities in order of preference for
detailed consnderatton :

The basic procedural steps used in the selective screening policy are summarised
below:

a) Countrywide screening—land availability, water availability seismotectonic areas,

b) Candidate regions screening—hydrblogy, geology, land use, meteorolog'y,
accessibility, transmission lines, demography topography.

¢) Candidate siting areas screening—ecology and other factors as in (b) above._

This concludes the ‘regional’ approach heading to an ageregate of possible sites.to
be evaluated in detail for their suitability to host a nuclear power plant facility. Basic
siting considerations are listed bclow:

a) Institutional—required scrvice data or on linc availability, system reliability
requircments, size and number of units/sites, scarch-area b()undarlc

b) Engineering—safety—geology (seismic), hydrology (flooding and efﬂuent

disposal), demography, meteorology.
Functional: cooling water availability, geology (foundation, soil Lharactenstlcs),

accessibility (people, materials and components, transmission grid).

¢) Environmenial—Ecological sensitivity (site, transmission corridors, site
environs): terrestrial, aquatic. Land Uses: (compatibility) dedicated lands,
areas of historic and archaelogical significance, water quantities and qualities,
climatology, demography, aesthetics. ;

d) Economic—Land costs, cooling system alternatives, site preparation costs:
geology and topography, transmission line corridors, site: dictated special -
engineering safeguards.

e) Socio- economic: Land owner dislocations, competitive use of resources
(water and land), community attitudes and public acceptance, economic
influénce on existing life styles.
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It is essential to conduct de;anled studles for the potential impact of nuclear power

" plant operation upon the natural characteristics of the ecology and environment.

‘Many electric generatmg facnlmes have been located along the banks of rivers etc.

" s0 as to strategncally utlhse readily available coohng water for plant condenser
needs. It is important'to plan for efﬂuent dlsposal SO as to mmlmlse pollution

whe!her n be in lhe air, water or soil.

L . e - . Y
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In, thls unit we have dealt wnh an nnportam strategic long.term.and. non-repetitive
_problem namely the facilities location problem. The tradijtional- sfaptory/plant

location concept has enlarged to include non-manufaetyring! enterprises, sernice
industries etc. You would have realised that facilities location depends on a large

i number of factors, some concerned with-the géiveral'territdty selection whétéas

'some factors that are relevant for site/commuffty"31&tion. A large number of

methods are proposed that inclide subjective, qudllt&fRe, semi-quantitative and

“quantitative models for facility location. Locational break-even analysis is also an

aid. Weights and ratings of factors are discussed; a median model for the single

facility rectilinear mode and a gravity model fot the ‘Buclidean norm have been

outlined. Some composite location measure models like the Brown and Gibson’s

“ model and the Bridgeman’s dimensional analysis have been explaified” A brief

.mention of a electro mechanical analogue model for solving Webert location

problems has also been made. At the end, some case examples of different types of
activities like steel, cement plants etc. have been discussed.

4.9 KEY WORDS

~ Agglomeration: Refers to advantages gained in production due to ccntrahsauon/

concentration of mdustnes

Deglomeration is the antithesis of Agglomeration. It leads to a reduction in the cost of
production due to decentralisation.

Euclidean norm: The shortest path obtained by joining the referencc points by a
stralght line.

Facility: A facility could connote any physical object, be it a factory, hospital or bank,
relevant to location analysis.

Location of a facility: Geographic site at which a productive facility is suited.
between the two reference points. ) : -

Minisium objective: An objective whereby. the location analyst wishes to minimise the

.sum of weighted appropriate distances between all relevant reference points.

Rectilinear norm: A path obtained by either moving horizontally or vertically between
the two reference points.
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4.10 SELF-ASSESSMENT EXERCISES

1 A manufacturer of farm equipment is consxdermg three locations (P,Q and R).
for a new plant. Cost studies show that fixed costs per year at the sites are-
Rs. 4,80,000, Rs. 5,40,000 and Rs. 5,04,000, respectively whereas variable costs are '
Rs. 100 per unit, Rs. 90 per unit and Rs. 95°per unit, respectively. If the plant is
designed to have an effective system capacity of 2,500 units per year and is
expected to operate at 80 per cent efficiency, what is the most economic location?
If the opcrahonal efficiency that can be-obtained is only 60% _what effect would ,
this have on the site you had de(ermmed earlner on?

2 An equipment supplier has collected the followmg data on possnblc pla'n .
locations. Costs Aare, in Rs, -aRer, year.

kit ogf‘l‘n 4

Site P Site Q Site R

EXA IR } 3 e 3 .

Rent and utilities " RS, 20000 Rs. 24,000 Rs. 30,000
Taxes 4,000 3.000 2,000
Labour : e ..‘,)“““.;‘?‘Q\OOO . 1,60,000 1,80,000
Materials 2,60,000 " 12,64,000 '2,54,000

Community service Good L Poor Average '

Community attitude . Indifferent “ Indifferent ' ‘Favourable.

VY
i

If you were reqponsnble for making the decision on the basis. of the mformam)n Ce
given above, which site would you select and why?

3 Discuss the factors that influence the location of a plant with particular
reference to Mathura Petroleum Refinery. Do you justify such a decision?

4 It is generally felt that “‘rural areas are good for locating large plant,
semi-urban areas for locating medium-sized plants, and urban areas for
small-scale plants’’. Comment.

5 A particular city is trying to find the best location for a master solid waste
disposal station. At present four substations are located at the following
coordinate locations: station 1 (4, 12), station 2 (6.5, 4) station 3 (11, 9) and
station 4 (1, 13). :

The number of loads hauled monthly to the master station ‘will be 300, 200, 350
.and 400 from stations 1,2, 3 and 4, respectively. Use the simple median model to
- find the best location. '

6 For the data given in exercise 5, what would be the best location in case the
gravity model is used? Which do you think is the appropriate model to apply in
the above situation—median or gravity model?

7 What are the steps of a facility location study? In case you want to locate a soft
drink bottling plant, what factors would you consider relevant for taking a
laration decisions?How would you go about conducting the location study?
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fUNIT 5 FACILITIES LAYOUT AND

!

MATERIALS HANDLING

ObjectJVes
After going through this unit, you should be able to

appreciate different types of layout problems

become familiar with the basic types of plant layouts and the factors to be
considered for layout design

comprehend the.procedure for designing the layouts in a- systemauc manner

understand different kinds of tools that can be used for the analysis of material
flow and activities in a plant

realise how the space is estimated and allocated for different work centres and
the facilities

‘know the use of computerised techniques for designing the léyouts _

learn how to evaluate, specify, present and implement a layout

identify the factors that should be considered in the selection of material

handling system

become familiar with different types of material handhng equipments used in
plant design

appreciate the integrated approach to layout planning and material handling
system design and the role of automation in plant design,

Structure

5.1 Introduction

5.2 Basic Types of Plant Layouts
5.3 'Planat Layout-Factors

5.4 Layout Design Procedure
5.5 Flow and Activity Analysis

5.6 Space Determination and Area Allocation

5.7 Computcrised Layout Planning

5.8 Evaluation, Specification, Presentation and Implementation
5.9 Materials Handling Systems

5.10 Materials Handling Equipment

5.11 Summary

5.42 Key Words

5.13 Self-assessment Exercises

5.14 Further Readings



51 INTRODUCTION

Importance and Function A A
Facilitics layout refers to an optimum arrangement of different facilities including
man, machine, equipment, material etc. Since a layout once implemcnted cannot bq,i
easily changed and costs of such a chapge arc substantial, the facilities layout.is.a
strategic decision. A poor layout will rgsult in. continuous losses in terms of higher -
efforts fo: material handling, more scrap and rework, poor space utilisation etc.
Hence, need to analyse and design a sound lant layout can hardly be over
emphasised. It is a-crucial function that has1o be performed both at the time of
initial design of any facility, and during its growth, deveionment and diversification.
The problers of plant layout should be seen in reiation 1o overall plant design which
includes many other functions such -as product design, sales planning, selection of th
production process, plant size, plant location, buildings; diversification.etc. The
layout protiem occurs because of many deveIOpmenlsincluding‘:

e change in product design
introduction of new product
obsolescence of facilities

changes in demand

e & 6 ©

market changes

cotnpetitive coslt reduction

¢

e

frequent accidents

o adoption ¢f new safety si'andards

® decision to build a new plant

Plant layout problem is defined by Moore (1962) as follows:

«pPlant layout is a plan of, or the act of planning, an optimum arrangement of
facilities, including personnel, operating equipment, storage space, materials-handling
equipment, and all other supporting services, along with the design of the best
structure to contain these facilities.” :

Objectives and Advaniages

Some of the important objectives of a geod plant layout are as follovss:

i) Overall simplification of production process in terms of equipment utilisation,
minimisation of delays, reducing manufacturing time, and better provisions for
maintenance.

iy  Overall integration of man, materials, machinery, supporting activities and any
:other considerations in a way that result in the best compromise.

i) Minimisation of material handling cost by suitably placing the facilities in the
best flow sequence. :

jv) Saving in floor space, eftective space utilisation and less congestion/coni‘usidn.
v) Increased output and reduced inventories-in-process.

vi) Better supervision and control.

vii) Worker convenience, improved morale and worker satisfaction.

viii) Better working environment, safety of employees and reduced hazards.

ix) . Minimisation of waste and higher productivity

x)  Avoid unnecessary capital investment

xi) Higher flexibility and adaptability to changing conditions.




Types of Layout Problems

The facilities layout problems can be classified according to the type of facility
under consideration e.g.

i) Manufacturing Plants K

ii) Commercial facilities, e.g., shops, offices, Bank etc.

iii) Service facilities, e.g., Hospitals, Post Offices etc.

iv) Residential facilities, e.g:, houses, apartments etc.

v) Cities, townships :

vi) Reereational facilities, e.g. parks. theatres etcl» . s i

. . kS i‘. SR ."Y" .
According to the nature of layout problem, it can be categorised into four types a:
follows:

PN o
! R D RN 2L C I R

) : ek T NI R R
® Planning a completely new facility 5 it
® ‘Expanding or relocating an existing facility . .- SR .
® Rearrangement of existing layout - : -
® Minor modifications in present layout i
Flow Patterns : _ i 1,

According to the principle of flow, the layout plan arranges the work area for each
operation or process so as to have an overall smooth flow through the
production/service facility. The basic types of flow patterns that are employed in
designing the layouts are I-flow, L-flow, U-flow, O-flow, S-flow as shown in .
Figure 1. These nre briefly explained below:

{
\
1
\

(a) I-Flow y
(b) L-Flow

(¢) U-Flow .




Y
Y

4
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(d) S-Flow © O-HOWA ’
.. Figure I Flow Pattern

e
it

I-Flow: separate rcceiving and shipping area.
L-Flow: when straight line flow chart te be accominodated.

U Flow very popular as a combmanon of receiving and shipping.

Cly g J;-. vl

O Flow when it is desired tp tesminate the flow near where it is originated.

Serpentine or S-Flow: when' ihe product:on line is long and zigzagging on the
pro.iuction floor is required.

vl e

Activity A

5.2 BASIC TYPES OF PLANT LAYOUTS

Depending upon the focus of layout desnon there are five basic or classical types ol
layouts. Most of the practical layouls are a suitable combination of these basic

types to match the requirements of aciivities and flow. The basic types of the
layouts are:

Product or Line Layout

_This type of layout is developed for product focused systems. In this type of layout
only one product, or one type of product, is produced in a given area. In case of

product being assembled, this type of layout is popularly known as an ‘assembly
line’.

The work centres are organised in the sequence of appearance. The raw material
enters at one end of the line and goes from one operation to another rapidly with
minimum of work-in-process storage and material handling. A typical product
lavout is shown in Figure II (a).
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The decision to organise the facities on a product or line basis is dependent upon a
number of factors and has many consequences ‘whiel should be carcfully weighed.
Following conditions favour the decision to go for a product focused layout.

1) High volume of production for adequate equipment utilisation.
i) Standardisaticn of product and part interchangeability. A
ili) Reasonably stable product demand. ’

iv) Uninterrupted supply of material.

¢ Ciedeo
WAy

The major problem in designing the product-focused systems is to decide the cycle
time and the sub-division of work which is properly balanced (popularly known as
line balancing).

Some of the major advantages of this type of layout are:
i) - Reduction in material handling

it) Less work-in-process

iit) Better utilisation and specialisation of labour

iv) Reduced congestion and smooth flow

v) Effective supervision and control.

Process or Functional Layout

This type of layout is developed for process focused systems. The processing units
are organised by functions into departments on the assumption that certain skills
and facilities are available in each department. Similar equipments and operations
are grouped together, e.g., milling, foundry, drilling, plating, heat treatment etc. A
, lypical process layout is shown in Figure II (b) ’

The use of process-focused systems is very wide both in manufacturing and other
service facilities such as hospitals, large offices, municipal services etc.

The functional layout is more suited for low-volumes of production (batch
production) and particularly when the product is not standardised. It is economical
when flexibility is the basic system requirement. The flexibility may be in terms of the

\
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rgutes through the system, volume of each order, and the processing requirements of
the items. :
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The major advantages of a process layout are:

i) Better machine utilisation

ii) Higher flexibility ) -

iii) Greater incentive to individual worker

iv) More continuity of production in unforeseen conditions like breakdown,

shortages, absenteeism etc.

Cellular or Group Layout

It is a special type of functional layout in which the facilities are clubbed togeiher
into cells. This is suitable for systems designed to use the concepts, principles and
approaches of ‘group technology’. Such a layout offers the advantages of mass
production wifh high degree of flexibility. We can employ high degree of automation
even if the number of products are more with flexible requirements. In such a system
the facilities are grouped into cells which are able to perform similar type of >l
functions for a group of products. A typical cellular layout is shown in Figure II (c)-

Lathe Lathe Hardeni
Product € ———tfe— X ——— X = -x.Q\. , ardening
) Milling
: . Tempering
Product A _,OML— —- X
Drilling Grinding
Shaper Drilling
Product B — ————O-— - — =t - ‘,.Z— _Boring \
M|llm‘g Honing - |
Drilling g R
Product O —+—=- —" " — ° Ce—r \
[
| J
i
) D

Figure 11 (c) Cellular Layout




~ Job-shop Layout

It is a layout for a very general flexible system that is processing JOb productlon The

preparation of such a layout is dependent on the analysis of the possible populanons
of orders and is a relati-ely, complex affair. )

o
Pro;ect or Fixed Posmon Layout

This is the layout for project type systems in which the major component is kep* at

a fixed. position and all other materials, components, toels, machmes, workers etc.

are brought and assembly or fabrication is carried out. This type of layout is now not:

used very commonly as the machmes required! for manufacturmg work are big and

i \\/
i

complicated. The fixed position liyout is used only when it is dlfﬁcult to meve the.

i

R S

major component and fabrication is to be cartied nut: :848. production of ships. —

Some of the major advantages of fixed position !ayout are as follows:

e
i) The handling requirements for major unit are mlmmxsed

i) Flexible with reference to the changes in product design.

ili) High adaptability to the variety of product and intermittent demand. - . .
iv) ‘The responsibility for quality can be pin-pointed. ke g snidog:
v) The capital investment is minimum. PAilidien

A typicai fixed position layout is shown in Figure II (d). :

~_Machine I

Handling
Equipment

Mochine 2

Main. ‘

assem bly

Tools

@ Worker
Q Worker

Figure II (d) Fixed Position Layout
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Activity B ‘ ' . o ‘ o
Can you identify the basic type of plant layout in the facility you wox:k m? Isit
optimal?, W ould some other type oflayout than the qng. currently prevaﬁmgmwr

facility be better?

..............-_.........-.‘.7..,....: .

I'he fixed position lajgut is:gsed ideally for a project situation i.e. for ons product
of a different type. Aldthe quantityincreases the production operations can be broken
dd\})ﬁﬁi"t“qidiff&em work centyes ahd material can be allowed to move rather than
(héAiAbRines.and a process layout is preferred. With further.igierease in volume i.c.
with mass production the agdvantages of production line can be better derived and a
produ&’ layouit is desirable. The break-even analysis comprising the ‘production
volume of the three basic layouts i.e., produét, process and fixed position layaut is
shown in Figure 1. ‘ ' '

Figure [11: Breakeven Point Analysis of Rasic Fypes of Layouts
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5.3 PLANT LAYOUT FACTORS

The design of any layout is go’yemed by a number of factors and the best layout is the
one that optimises all the factors. As discussed by Muther (1955) the factors
influencing any layout are categorised into the following eight groups:

i)  The material factor: Includes design, variety, quantity, the necessary operations, -
and their sequence.

ii) The man factor: Includes direct workers, supervision and service help, safety
and manpower utilisation.

iii) The machinery factor: Includes the process, producing equlpment and tools and -
their utilisation.

iv) The movement factor: Includes inter and intradepartmental transport and
handling at the various operations, storages and inspections, the materials.-
handling equipments.

v) The waiting factor: lncludes permanent and temporary storages and delays-and
their locations.

vi) The service factors: Include service relatmg to employee facilities such as
parking lot, locker rooms, toilets, waiting rooms etc. service relating to materials
in terms of quality, production control, scheduling, despatching, waste control;
and service relating to machinery such as maintenance.

vii) The building factor: Includes outside and inside building features and utility
distribution and equipment.

viii) The change factor: Includes versatility, flexibility and expansion.

Each of the zbove mentioned factors comprise a number of features and the layout
engineer must Teview these in the light of his problem. Usually the layout design
process is a compromise of these various consnderanons to meet the overall objectives
in the best possible manner.

5.4 LAYOUT DESIGN PROCEDURE

The overall layout design. procedure can be considered to be composed of four phases
viz.,

"Phase I  .Location

Phase I  General Overall layout
Phase 111 Detailgd layout
Phase IV Installation

Some important guidelines that help in the layout design are:

1) Plan from whole to details

ii) First plan the ideal and then move to the practical aspects

iii) Material requirements should be central (4 the planning of process and

" machinery.

iv) Modify the process ar:d machinery by dificrent factors to plan the layout.

Though there is always an overlap in the different phases of layout design the major
steps that have to be followed in the layout design arc outlined as follows:

1) Statement of the problem in terms of its objective, scope and factors to-be ‘
considered. »
ii)  Collection of basic data on sales torecasts, production volumes, producnon
schedules, part hsr‘; cnetininsto oo nerformed, work measurement, existing
layouts, building drav sy e
iy Analysis of data and its presentation in the form of various charts.
[

/




iv) Designing the production process
v) Planning the material flow pattern and developing the overall material
handling plan. X
vi) Calculation of equipment requirements and work centres
vii) Planning of individual work centres ‘
viii) Selection of material handling equipment
ix) Determining storage requirements
x)  Designing activity relationships
xi) Planning of auxiliary and service facilities
xii) Calculation of space requirements and allocation of activity areas
xiii) Development of Plot Plan
- xiv)" Development of Block Plan
xv) Development of détailed layouts in terms of steps (vii) 1o (x1)
Xvi) Evaluation, modification-and checking of layouts
xvii) Installation of layouts
xviii) Follow up.

The S.L.P. (Syslehia(iC’L'éyout Planning) procedure as presented by Francis and
White (1974) is shown in Figur'e.lV. We see that once the appropriate information
is gathered, a flow analysis can be combined with an agtivity analysis to develop the
relationship diagram. Space considerations when combined with the relationship
diagram lead to the cohétruclion of the space relationship diagram. Based on the

space relationship diagram, modifying considerations and practical limitations, a
number of alternative layouts are designed and evaluated.

Wpul Data and Activiliosj

I ERRERE

1. Flow of 2. Activity
Materials \/ Relationships,| a
>
<
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5.5 FLOW AND ACTIVITY ANALYSIS

,Figure IV: Systematic Layout Planning Procedure

Data Collection

The development of any layout is dependent on the quality and ¢nantity of facts
that we have about the various factors influencing it. The data collection phase is
not a one time effort but an ongoing fanction. The data for overall plan is t¢ be




collected at initéal stages whereas the data tor detailed layouts may be obtamned at a
later stage. THe facts have to be obtained wvaxdmg various materials and processes,
the flow routing and sequencing, space requirements, and dlfferent acnvmes and
relauonshlps The information required about the materials and processes is listed in
Table 1."We will now discuss some of the tools and techniques that help in the’
layout analysis.

“h

Table 1
Information Required about Materidls and'. Processes
1Al M

-Data Reéquired . . , Sou_rse of ,Data
Product ' Product size, weight and shape .Produict, engjineering.' quality control,
Specifications ' Quality requirements Special , inspection. SNy e

properties o )
Production Number of different items . Sa]es d(;par(mem markeL research,

. Volume ‘_(produu mix) Quantity ol uu.h productmn plannlng ‘

; item per unit time Variation K
. in output Variation in demand!>" -+

Component Performance times for o Picduction Planning..
. Parts . all operations o time study department - .
] Variation in performance o)
times

Sequence of fabrication
Operations

Sequence of assembly
Operations

Types of ‘machinery
required

Source: Moore, J.M. 1970. Plant Layout and Design. The Macmillan Company: New York.

Process Charts

There are many types of process charts that can be developed. The most commonly

used ones are operation process charts and Flow Process Charts.

i) Operation Process Chart: This is a graphic representation that describes the
different operations (O) and inspection (=) in a sequentlal manner including
information regarding time, location etc.

ii) Flow Process Chart: The arrangement of facilities in a production process
govern the flow of product and vice-versa. Thus the analysis of tlow should be
carried out closely when formulating a plant layout proposal. The flow process
chart.summarises the flow and activity of a component/man- through a process
or procedure in terms of sequence of operation, transportation, inspection,
delay and storage. It includes the information abou: time required and distance
moved. A sample flow process chart is shown in Figure V.

Flow Diagram

It is a sketch of the layout which shows ti.e locanon of all activities appearing on a
flow process chart. The path of movement of material or man is traced on the flow
diagram. The different activities are given by process chart symbols with a number.
."This gives an idea about the overall flow through the plant in a pictorial manner.
Any back tracking or crisis crossing of the flow can be pin-pointed and the layout
engineer can redesign the layout for a smoother flow by minimising these wasteful
flows. If necessary a threc dimensional flow diagram can be developed, particularly




\n case of multi-storeyed buildings. This heclps in developing the activity relationship
diagram which when superimposed by space relationships results in block plan. . :

- Travel Chart e
It is also known as From: 19 Chart._ This chart is helpful in -analysing thé overall -~
material flow. It indicates -i.e distance and number of moyesl'bétweén different pairs
of departments taken as osgin and destination. A typical travel chart is shown in
Figure VI. The travel chart is helpful in the process type layout design; but in
product layout, it is not important. It indicates the relationship between different
departmernts in terms of materiql interaction. Attempts should be made in layout

design to put thqse_' departments close to each other which have high level of

material interaction so'as-to minimise the materials handling requirements provided
other objectives are also safisfied. In most of the practica’ situations, it-may be
difficult to achieve the 1peoretical optimum, but the close' t possible solution to the

optimum.should be approached. . -

The travel chart smnmarjises‘(ghé‘-’data on material handling in compact matrix form,
which is amenable to cor;x}\putét‘,applications also. Further, the in}formation
regarding the bulk of matgrial handled, mode of material handling, material

he__mdlihg equipment etc. may also be listed to make it more informative.
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Figure V: Low Process Chart Summirises The Flow and All Activity of A Component Thro!igh Its

Manufacturing Process




s tigforging Driling '{:\‘;C “l"j;y"’is\ec,tsmam Inep-| Total
Casting N\ 7 10 4 4 | 3. 10 38 -
Forging | 3 T 2 | 6 16
Drilling 2 I 4
From*i® [Machining 4 5 1 2.1 6 17
Metrology Mij N 14 | 14
Electic o 4 4
Welding 1 7 |7
Inspection \ ‘ 1 TT ; ' 5 ‘
"'Botql o [ o. | ”_—1:—\__‘;_,1 59 -

Mij - No of moves from ith ‘to jth department
' Figure VI: Travel Chart -

The entries in the travel chart are on both sides of the diagonal. The travel
requirements from department ‘A’ to ‘B’ may be different than from department
(B’ to ‘A,. o . R

The sum &7 each row should be equal to the sum of each column indicating that the
number of .obs entering to department and leaving the same department are
equal. This puts a check on the continuity of the system. However, this is not true
s1e Tirst and last departments in the sequence. The addition of the first and last
row should balance with the addition of first and last column.

Some of the important advantages and uses of travel chart are:

i) It helps in analysing the material movement

i) It aids in determining activity locations

iii) It alternates flow patterns and layouts can be compared .

iv) It shows relationship of different activities in terms of volume of movement.

v) It depicts quantitative relationships which can be used for computerised analysis
and OR applications. : A

REL Chart

This is known as ‘Relationship Chart’ which indicates the relationship between pair:
of departments in'terms of closeness depending,upon the activities of the
department as A-Absolutely essential, E-Essential, 1-Important, O-Ordinary,
U-Unimportant and X-Undesirable. A typical REL chart is shown in Figure VIL '

Castin
, 9 \
Forging I

E I
Drilling E X

A X
Machining 0 0 l

: U U E I

Metero logy 0 U I

U 1 I
Electrics X A

: 0 A

Welding R Y A Absolutely essential
Inspection £ . Essential

I Imortant




' O Ordinary
U Unimportant
X  Not dessiable

o

Figure VII: REL Chart

Activity C ‘ o
Develop Process charts for some activities of your organization.

Application of Quantitative Techniques SR

The techniques of Opcrations Research can be applied to quantitatively analyse the
layout problems, particularly in terms of material flow. Some of the important
techniques that have been applied by different rescarchers in the field of lavout
planning are as follows: :

1) Linear Programming

i1) Transportation Algorithm
i) Transhipment Problem

1v) Assignment Problem

v) . Travelling Salesman Problem
vi) Dynamic Programming

vii) Queueing Theory

viii) Simulation.

Linear Programming is used when there is a linear objective function which is to be
maximised/minimised subject to certain linear constraints. In the layout design the
objective is to minimise the materials handling. Transportation and assignment
problems are special cases of Linear Programming. Further, to meet the multiple
objectives of layout planning attempts have also been made to apply Goal
Programming as a technique of Multi-criteria Decision-making. These operations
research techniques are discussed in MS. 7.

5.6 SPACE DETERMINATION AND AREA
ALLOCATION

In.the layout planning process the space ~ allocaied to different activities. The
requirement of space by a facihty bears o close relationship to equipment, material,
personnel and activities. Two major methods that are being used for space
calculations are space based on present layout and production centre method.

Space Bas. . on Present Layout

This apprpgﬁh is suitable when the proposed layout is to be developed for an existing
product-. While determining the space, consideration should be given to space
requir.d for




" @ operating equipment
e storage

° service facilities

® operators

~ Allowance must be made for space between machines for.operator movement, work -
in-process, access of materials handlers, maintenance personnel etc.

Production Centre Method

The space for each production centre is determined including the space for machines,
" 100l cabinets, worked and unworked parts, access to the aisle and maintenance. In
this method actual arrangement of equipment is considered for space calculation. The
departmental space. js-calculated by multiplying it with the number of production
centres in that department..: Ll - :

T * e
Work Place Layvouf
B RIS

The details of the arrang‘c,xj.)ems' at a work centre is to be provided in terms of the
machines and auxiliary equipment, operator, tools, materials and auxiliary services.
The procedure for work place design is as follows:

i) Determination of digggtion of overall flow ‘ ,
ii) Determination of the:desired dircction of flow at work place
iii) Determination of the-items contained in a work place

iv) Sketching the arrangement of these items

v) Specifying the sources of material and direction of flow

vi) Indicating the destination of material

vii) Method of waste disposal speciﬁed

viii) Sketching the material handling equipment

ix) Checking the arrangements against the principles of motion economy
'x) Marking of distances between items '

xi) Recording the layout on scale

xii) Indicate method of operation on chart,

Area Allocation

The activity relationships and space requirements are integrated ‘to allocate the. areas
which forms the basis for detailed layout plaaning. There are a number of factors
that should be considered for area allocation some important ones are:

i) Area should be allocated for expansion purposes. The allocation of
expansion area depends upon the type of flow pattern i.e. straight line,
U-flow, O-flow etc. .

ii) Area allocation to maintain flexibility in layout.

iii) Maximum use of third dimension )

iv) Area allocation for point of use storage and centralised storage

V) Area allocation for aisles
vi) Consideration of column spacing.

5.7 COMPUTERISED LAYOUT PLANNING

A recent trend has been the development of computer programme to assist the layout
planner in generating alternative layout designs. Computerised layout planning can
improve the search of the layout design process by quickly generating a large number
of alternative layouts.

Computer programmes are gener
programmes:

ally either construction programmes OT improvement




i) Construction programmes (CORELAP Compiterised
Relationship Layout Planning)

(Successive selection and ALDEP :
placement of activities) (Automated Layout Design Programine)
ii) Improvements programmes CRAFT. .

(Computerised Relative Allocauon of
Facilities Techniques)

(A complete existing layout is

required initially and locations of -

departments are inter-changed to

improve the layout design)

Both ALDEP and CORELAP are concemed with the construcllon of a layout
based on the closeness ratings given by the REL chart.

CRAFT is concerned with the minimisation of a linear function of the mqvement
between departments. Typically CRAFT employs an improvement procedure to
obtain a layout design based on the objective of minimising material handling costs.

CORELAP

It begins by calculating which of the activities in the layout is the busiest or most
related. The sums of each activity’s closeness relationships with all other activities
are compared and the activity with the highest total closeness relationship (TCR)
count is selected and located first in the layout matrix. This activity is named
Winner. Next, an activity which must be close to the winner is selected and placed
as adjacent as possible to winner. This activity is denoted as A (closeness absolutcly
necessary) and is named Victor. A search of winner’s remaining relationships for
more A-related victors is then made. These are placed, again, as close to each other as
possible. If no more A’s can be found, the victors become potential winners and
their relationships are searched for A’s. If an A is found, the victor becomes the
.new winner, and the procedure is repeated. When no A’s are found, the same .
procedure is repeated for E’s (closeness Especially important), I’s (closeness
important), and O’s (Ordinary closeness 0.k.) until all activities have been placed in
the layout. CORELAP also puts a value on the U (closeness. Unimportant) and X
(closeness not desirable) relationship.

ALDEP

It uses a preference table of relationship values in matrix form to calculate the
scores of a series of randomly generated layouts. If for example, activities 11 and 19
are adjacent, the value of the relationship between the two would be added to that
layout’s score. A modified random selection technique is used to generate alternate
layouts. The first activity is selected and located at random. Next, the relationship
data are searched to find an activity with a high relationship to the first activity.
This activity is placed adjacent to the first. 1f none is found, a second activity is
selected at random and placed next to the first. This procedure is continued until all
activities are placed. The entire procedure is repeated to generate another layout.
The analyst specifies the number of layouts wanted which must satisfy a minimum
score.

CRAFT

It is the only one which uses flow of materials data as the sole basis for
development of closeness relationships. Material flow, in terms of some unit of
measurement (pounds per day, in terms of skid-loads per week), between each pair
of activity areas, form:s the matrix to the programme.




A second set of input data allows the user 1o enter cost of moving in terms of cost
per unit moved. per unit distance. In many cases this cost input is unavailable or
inadequate, in which case it can be neutralised by entering 1.0 for all costs'in the
matrix. s :

Space requiremenis are the third set of input data for CRAFT. These take the form
of an initial or an existing layout. For new area layouts, best guess or even
completely random fayouts ¢an be used. In any case, activity identification
numbers, in & quantity approximate (0 {heir space requirements, are_entered in an
overall area of contiguation. The location of any activity can be fixed in the overali
area through controi cards CRAFT limits the number of activities involved in the
layoui 1o a0 I

S8 EVALUATION, SPECIFICATION, PRESENTATION
. AND IMPLEMENTATION

~Piot Plan

It is a diagrammatic representation of the building outline, showing its location on
the property, the location of externgl transportation facilitigs and other items such
a8 tanks, storage areas, parking lots etc. It can be used as a key or master drawing
for locating separate detailed drawings of the layout. The plot plan is presemed in
the form of a drawing or as a scaled model.

Block Plan

A block plan is a diagramrmatic representation sROWIing internal partitions of
departments (Figure 11), columns and area allocation but not machinery, equipment
and facilities. This is usually presented in: the form of drawings and is used as a
reference or master for detailed layouts of different departments. This shows the are:
allocations for aicles, column spacing ete. ‘

Detailed Layout
It is a diagraminartic representation of the arrangement of equipment operator and

materials along with the arrangement of supporting activities. The detailed layout cat
be constructed by utilising any oné of the following methods

_ & drafting or sketching
@ templates
e models

A template is a scaled representation of a physical object in a layout may be of a
machine, workman, material-handling equipment, work-in-process storage et<.

Models are three dimensional ~epresentations of thephysical objects which give depti
10 the layout i 1d make it moic presentable.

These templates and models may be prepared from cardboard, paper, sheet metal,
plastic or wood and may be black and white or coloured. These may oe attached to
the backing material by using various fastening devices such as glue, staples, rubber
cement, thumbtacks, magnetism etc.

Checking the Layout

The layout finally developed should te checked for
@ gverall integrativt:

o minimum distance moved

& smooth flow of the product

o space utilisation

¢ employee satisfaction .ind satety

e flexibility




i An ral report

i) A W:itten report

When the final layout is approved it is installed in a number of phase, and it is
needed to prepare ’ ’

e detailed drawings ‘

® precise specifications of production and materials handling equipr;)em
e detailed listing of all equipment and utility requirements
° ac;ual plans and schedule of construction and installation.

The tt.:chniques of project management such as CPM/PERT may be used. for
planning and menitoring the progress of the layout installation.

5.9 MATERIALS HANDLING SYSTEMS

We have discussed in previous sections the analysis of material flow and the design
of layout based on it. Wethave.referred to the selection of material handling
equipment and area allocation for it. Materials handling is the art and science
involving the movement, packaging and storing of substances in any form. In this

. section we will discuss about the objectives of the material handling system design,

basic types of material handling systems and the procedure for the design and
selection of material handling system while developing a plant layout.

. Ubjectives and kunctions

In order to perform the activities of materials handling the basic goal is to minimi¢
the production costs. This general objective can be further subdivided into specific -
objectives as follows:

i) - To reduce the costs by decreasing inventories, minimising the distance to be
handled and increasing productivity. .

i) To increase the production capacity by smoothing the-work flow.

iii) To minimise the waste during handling

“iv) To improve distribution through better location of facilities and improved

routing. .

v) To increase the equipment and space utilisation.

vi) To improve the working conditions.

vii) To improve the customer: service.

The analysis of materials handling requirements can be carried out by using travel
charts angd other quantitative techniques as outlined in section 7.5:

The basic materials handling function has to answer a number of questions as
follows: ' :

i) Why do this at all? Justifying the necessity of material handling. )

ii) What material is to be handled? Giving the type (unit, bulk etc.), characteristics
(shape, dimension etc.) and quantity. '

iii) Where and when? Specifying the move in terms of source and destination,
logistics, characteristics (distance, frequency, speed, sequence etc.) and type
(transporting, conveying, positioning etc.)

iv) How? And Who? Specifying the method in terms of the handling unit (loac

* support, container, weight, number ctc.), equipment, manpower, and physical
restrictions (column spacing, aisle width, conjestion etc.)

Basic Materials Handling Systems




The flexibiF:y should be ivnbtro‘cvmced in beilding and services by providing

. unobst:ucted floor area and in equipment by mounting them on wheels or skids.
Activity D
Choose amajor faci lity or you- organzation and develop a detailed layout for the

Evaluation of Léy'out L renin

The evaluation may be done of an existing ":vout or of’ an 1.1emauvc layout. The
pasis for evaluating tie layout might include:

i) the obijectives of layout planning

i) cost comparisod with other alternatives .o

Hi)  return on investment

iv) intangible factors which imust be evaluated on the basis of judgment.

v} productivity evaluation

vi)  space evaluation )

vit)  ranking

vilit pilot plant

ix)  seguence demand-straight line-considering the sequence of operations on a
variety of arts. .

x)  Facters analysis by wemhmﬂ various tduom accordmg_ to their 1mportance

The optimising cvaluation can alse be done by using Operation Research Techniques
such as '

@ Lincar Programming ' -

e [.ine Balancing

o Level Curve Concept ‘ -
Mathematical modcls express the effectiveness of layout as a function of. a set of
variables which can be evaluated. Some other mathematical techhiques of evaluation
are: ' .

a WNonte Carlo Method
& Queuing Theory

e Engineering Economy
e Analoguces

These are not discussed in details herc.

Installation of Layout

The lavout is presented in ine following ways:

v  The Visual pr esentation of the layout itself, supplementary details and facts and
applementary chart. and displays. *
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5.10 MATERIALS HANDLING EQUIPMENT |

After the simplification of the handling method the selection of equipment is
wiportant with respect te the different objectives of speed, efficiency-cost ¢tc. There
are both the manual and powered kind cf handling equipments. Some of the typical
handiing equipments are shown in Figure VII1. Apple {1977) has classified the
handiing equipments into four basic types, viz., conveyers, cfanes and hoists,
trucks, and auxiliary equipment. ‘

Conveyers

These are gravity or powered devices commonly used for moving uniform loads
frorh point (o point over fixed paths, where the primary function is conveying.
Commonly used equipment under this category are:

i} Belt Conveyer

it} Roller Conveyer
iit} Chain Conveyer
iv) Bucket Conveyer
v} Trolley Conveyer
vi) Screw Conveyer
vii) Pipeline Conveyer
viii) Vibratory Conveyer
ix) Chute.

Cranes, Elevators and Hoists

These are overhead devices used for moving varying loads intermittently between
points within an area, fixed by ihe supporing and binding rails, where the, primary
function is transterring or elevating, Some common examples are:

i) Overhead travelling cra
ji) Gantry crane

iii) Jib crane

iv) Elevators

v) Hoists

vi) Stacker crane

vii) Winches

viii)Monorail _
Figure Vill: Materisl Handling E.quipment
~
r 7“\ - ‘@ N
B Al .
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(s) Belt conveyor (d) Mobile crane



The different material handling systems can be classified according to the type of”
“equipment used, material handled, method used or the function performed.

Equipment-Oriented Systems: Dependmg upon the type of eqmpment used, there
are several systems.: . .

i) Overhead systems

ii) Conveyer systems

iii) Tractor-trailor system

iv) Fork-lift truck and pallet system
v) Industrial truck systems

vi) Underground systems.

Materizl Oriented Systems: These may be of the foliowing ‘types:.

i)  Unit handling systems ‘ e e e
ii) Bulk handling systems S RN ¥, S
iii) Liquid handling systems ' o

e,

A unit load consists of a number of items so arranged that it can be picked up and
moved as a single entity such as a box, bale, roll et¢.-Such.a system is more flexible
and requires less investment.

Method Oriented Systems: Accordmg to the method of haﬁdhng and method of
production, the material handlmg systems can be:

i) manual systems L
ii) mechanised or automiated systems
iii) job-shop handling systems, or

iv) mass-production handling systems

T N) SRS A

Function Oriented Systems: The systems can be defined according to the material-
handling function performed as follows:

i) - Transportation.systems

ii) Conveying systems

iii) Transferring systems

iv) Elevating systems _

Selection and Design of Handling Sysiem

The selection and design of the material handling system should be done alongside:
the development of the layout as each one affects each other. Hence, an integrated
approach to the design process is usable. A computerised technique known as
COFAD (Computerised Facilities Design) has been developed for integrated
handling system and layout design. Thé steps to be followed in the selection and
design of handling systems are as.follows:

i) ldentification of system ‘ )

i) Review of design criteria and objectives of the handling system

iti) Data collection regarding flow pattern and flow requirements

iv) ldentification of activity relationships

v) Determmmg space requirement and establishing matenal flow pattern

vi) Analysis of material and building characteristics

vii) Preliminary selection of basic handling system and generation of alternatives
considering feasibility of mechanisation and equipment capabilities

viii) Evaluation of alternatives with respect 1o optimal material flow, utilising
gravity, minimum cost, flexibility, ease of maintenance, capacity utilisation and
other objectives of the system design consndermg various tangible and intangible
factors

ix) Selection of the best suued alternative and checking it for compatibility

x) Specification of the system

xi) Procurement of the equipment and implementation of the system
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These are hand operated or powered vehicles vacd for movement of uniform or
~mixed loads intermittently ‘cver various paths having suitable running surfaces ar-

iclearances where the primary function is mai

include:

i) Fork lifh iruck

it} - Platfotmhiruck ‘

iti) Industriai tractors anagraijors -
iv) Industrial cars

v)  Walkie {ruck

Vi)

vii)

Two-wheeled hand truck pfitrolley

Hand stacker

Auxiliary Equipmont

socuvering or transporting. These

)

c:

Thése are devices or attachmemsxuseq with hanqlhng ej\npmcnt to maj > their v

mote effective!and versalile,.-ﬁdql‘gﬂ)mmon examples

vi)
vii)
viii)
ix)

Ramps .
Positioners..
Pallets and skids
Pallet loader and unloader
Lift truck attachments
Dock boards and levelers
Containers -

Below the hook devices
Weighing equipment

Ll

.




Activity E :
What is the materials handling system used in your organization. Does it offer scope for
improvement? ‘ '

511 SUMMARY

In this unit we have discussed- different types of layout problems. The basic types of
plant layouts have been identified as product layout, process layout, job shop
layout, € jular. layout and fixed position layout. The factors to be considered in
designing"}p'am}hy’out are outlined as man, material, machine, movement or flow,
service facilities, building and flexibility.’ i

The tools and techniques for analysing the flow of materials and the activities have
been discussed. Some important tools are, flow process chart, flow diagram, travel
chart, REL chart etc. By making use of these tools a systematic layout planning
procedure has been discussed ‘starting from the development of plot plan to detailed
work place layout. The use of computers in layout planning has been highlighted
and computerised techniques named as CORELAP, ALDEP and CRAFT have been
_outlined. The art of presentation and implementation of the layout has been briefly
dealt with. The selection of materials handling system has been presented along with
the important types of materials handling equipments. The important concepts in
automation in layout and materials handling have been touched upon.

5.12 KEY WORDS

ALDEP: Automated Layout Design Programme

Block Plan: A diagrammatic representation showing internal partitions of
departments, columns and area allocation but not machinery, equipment or
facilities.

CORELAP: Computerised Relationship Layout Planning

CRAFY: Computerised Relative Allocation of Facilities Technique.

Facimy: Any production, operation or service unit is termed as facility, €.8. plant,
stores, Lank, hospital, machine, equipment, service centre etc.

Flow Diagram: A sketch of the layout which shows the location of all activities
appearing on a flow process chart.

Flow Process Chart: It summarises the flow and activity of a component/man
through a process or procedure in terms of sequence of operation, transportation.




mspection, delay and storage.

. Materials Handling: It is the art and science jnvolving the movement, packaging
and storing of substances in any form.

Plant Layout: A plan or the act of planning, an optimum arrangement of
industrial facilities including operating equipment, personnel, storage space,
materials handling equipment and all other supporting services, along with the
design of the best structure to contain these facilities.

Plot Plan: A diagrammatic representation of the building outline, showing its
location on the property, the location of external transportation facilities and other
items such as tanks, siorage areas, parking lots etc,

Process Layout: Also known as functional layout groups together the facilities
according to process or function in a department.

Product Layout.. Also known as line layout .- ~» arrangement of facilities according
to the product; suitable for one type of produc.

REL Chart: It indicates the relationship between pairs of departments in terms of
closeness rating dependent upon the activities of the department as absolutely
essential, essential, important, ordinary, unimportant or not desirable.

SLP: Systematic Layout Planning.

Template; A scaled representation of a physical object in a layout may be of a
machine, workman, materials handling equipment, work in process, storage etc.

Travel Chart: It indicates the distance and number of moves between different
departments, taken as origin and destination.
AN

'5.13 SELF-ASSESSMENT EXERCISES

1 Enumerate the basic types of plant layouts. How does a cellular layout differ
from a process layout?

2 What are the different factors that should be considered for designing a plant
layout? ' '
3 Prepare a flow chart for overhauling the engine of an automobile.

What is the significance of travel charts in layout design? Prepare a travel chart
for a hypothetical engineering concern with five functional departments, i.e.
foundry, forging, machining, welding and inspection. Given this travel chart
proceed to find the locations of different departments.

5 How can the relationships of different departmenps be considered in preparing a
layout? Prepare a REL chart for the different departments of a typical hospital.

What is Systematic Layout Planning?

What are the different factors that you will consider in determining the space
requirement of a particular facility? Allocate the areas to different departmen_ts
considered in exercise 4 and develop a block plan,

8 Outline the basic logic used in CORELAP, ALDEP and CRAFT. Can the
Iayqut generated by these computerised techniques be directly implemented?

9 How will you specify and present a layout developed for the purposes of
implementation? ‘

10 What is the importance of materials handling in designing a layout? How will
you go about selecting the materials handling system?

11 What are the different kinds of materials handling equipments used? Is a totally
automated materials handling system desirable in a job shop ? '
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UNIT 6 CAPACITY PLANNING

'Objectives ‘ v

After going through this unit, you sh\c)uld; '

§ understand the concept of capacity arrld how it is measured

e be aware of the unique problems of capacity planning for services

e Kknow the steps involved in capacity planning

@ be familiar with the various methods available for predicting long term capacity
requirements oo

° appreci:‘it'e, tk‘xe sApecialA diffiqul}%es encozinte.red in predicting the demand for new
and other outputs having‘a:h’nghly uricertain growth rate ‘

i /recoiﬁi‘é’e the factors *i‘i;"vf(.)'l'\'/ed in ger.er%iting alternate capacity plans

® have a féel for economic ;malysisiof different capacity plans

. identify the issues involved in analysing the strategic effects of alternate capacity
plans.

Structure vyt

6.1 Introduction

6.2 What is'Capacity?

6.3 Process for Capacity Planning

6.4 Predicting Future Capacity Requirements,
6.5 Generation of Capacity Plans

6.6 Evaluation of Alternate Capacity Plans
6.7 Summary

6.8 Key Words

6.9 Self-assessment Exercises

6.10 Further Readings

6.1 INTRODUCTION

The operations strategy of an organisation is revealed to a large extent by its
investments made in creation of capacity. Creation of capacity almost always
requires investments. In manufacturing organisations this is easy to see as the
investments required are large. However, even in service organisations, capacity .
creation requires more space furniture and other accessories including equipment.

Capacity Planning involves giving shape to all the strategic questions that we have
raised earlier in the previous units and also our response to these. What are our
expectations regarding the growth of the industry and our market share? How
accurately can we predict market t” ads, both in terms of product attributes as well
as growth in specific segments—geographical and otherwise? What is our basic
stand towards risks? Should our planning be based on an optimistic growth scenario
or a pessimistic one? As a strategy, should we create capacity in a few large '
locations, each with a large capacity or should we operate from many locations each
with a small capacity? These are some of the questions that have to be answered
while preparing a capacity plan.

There arc some other related questions which also affect our capacity plans. What is
our poli~v regarding making up of some temporary shart-falls in capacity e.g. by
use of ovartime additional shifts or holiday work? How much of our requirement




can be met by resorting to sub-contracting? What is our policy regarding meeting
the market demand? Should we, as a matter of policy try to meet it fully or can we
plan for some lost sales at least for seme periods of time?

Allthese strategic issues need 1o be resolved as a part of capacity planning. It is
relatively simple to do an economic analysis of the revenues, costs and investments.
However. the other strategic effects of capacity decisions—e.g. the conseauences of
not having the capacity when it is required or addition of large capacity when the
market growth cannot be predicted with much confidence, are more difficult to.
analyse.{We will discuss these issues in this unit.

6.2 WHAT IS CAPACITY?

/ . . . Lo LA 95 .
Capacity is quite an illusive concept and in many cases,has 1o be.qualified.further.
Thus, we find that words like designed capacity, installed capacity, rated capacity
and so on are often used. These concepts are based on how we define thé capacity
of a facility. [ R *

;"\,vt NP b
Definition of Capacity
Capacity is the limiting cupabiliry of a productive unit to produce within a stated
time period, normally expressed in terms of output in units per unit of time.
However, the limiting capability also depends on the intensiveness of use of the
productive unit. By increasing the intensiveness of use, the capaci(.y,'_éf"a productive

_for seven days a week instead of six, or resorting to overtime work, er working two
shifts a day in place of one, the capacity of a productive unit can be increased.
These alternatives generally come in handy for managers to meet temporary
shortfalls in capacity. )

When the transformation process in turn consists of many sub-process, the capacity
of the productive unit is governed by the capacity of the weakest link viz. the
capacity of the sub-process having the minimum capacity. By strengthening the’
weakest link, the capacity of the entire productive unit can be enhanced. This can
be done by investing in ‘balancing equipment’ to create a better balance between

those jobs for which enough m-house capacity does not exist.

In some situations, especially processing industries, the capacity is further qualified

_ by mentioning how it was established. Thus there can be a licensed capacity of the
plant denoting the capacity that has been licensed by the concerned governmental
authorities. There can, similarly, be an installed capacity denoting the capacity that
has been provided for while the plant v installed. Finally, the rated capacity may
be quite different from the other capacitic. ... 1 based on the highest production
rate established by actual trials.

Measurement of Capacity

When the productive system produces a single output or when the different outputs
are relatively homogeneous, capacity-can be measured in number of units of output
per unit of time. The capacity of a thermal power plant is expressed in megawatts
of power, that of a television unit in thousands of television sets per month gnd

that of a steel mill in million tons of steel in a year.

However, when a production unit produces multiple outputs, with some outputs
sharing common facilities and some other outputs using special facilities,
measurement of capacity becomes really difficult.. An extremfe example is a job shop
which produces products as per customers’ specifications. In'such a case the
capacity cannot be measured in terms of the number of output units per unit of




ume. For such organisations, capacity is usaally expressed in terms of available
units of the limiting resources. For example, the capacity of a job shop can be ’
measured in units of labour hours available per month. The capacity of a hospital
can be similarly measured in bed days per month and that of a consultancy
organisation in consultation days per vear.

'

Service Capacity

For those crganisations whose output is a service of some kind, the capacity can be
measured using the concepts outline above. If the service produced is homogeneous,
the capacity can be measured in number of services per unit of time—e.g, number
of units of power produced per unit of time, for a thermal power plant or number
of insurance policies serviced per year 5t an insurance company. Similarly, when
the service produced is heterogeneous, it can be expressed by the availability of the

limiting ,ggsgprce—e.g. man hours per week for a bank branch, tonne kilometres for
a trucking gompany and so on.

X AR
However, service organisationsstypicaﬂy face a problem in capacity planning
because of the fact that their output-gannot be stored. The demand for services is
also quite variable and often fluctuates during the course of the day. Service
organisations should therefore provide for enough capacity to take care of the peak
demand. This can be seen in the demand for electricity or that for banking services
or even for public transportation. As the average demand is much less than the
peak demand, this means that the organisation produces its output, on an average,
at a rate less than its capacity. This amounts to lower capacity utilisation on one

» Vside and can give rise to productivity problems on the other.

Activity A

~ How is capacity defined in your organization? Can it be defined in any other ways?

What are the different ways in which the capacity of your organization can be ex-

tended?

.....................................

....................

....................
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6.3 PROCESS FOR CAPACITY PLANNING

In brief, the process for capacity planning involves the following eight steps:

1 Assess company situation and environment to predict future demands,
including the possible impact of technology, competition and other events

2 Determine the available capacity

3 Translate predictiors into physical capacity requirements ..
4 Develop alternate capacity plans for matching required and available capacity
5 Analyse the economic effects of alternate capacity plans

6 Analyse the risks and other strategic consequences of alternate plans




7 Recommend a course of action
8 Implement the course of action.

We will discuss these Steps in the following sections. However, it may be pertinen:
to point out that a quantitative analysis of the alternate capacity plans is not. _
enough because, for one, the capacity requirements that are used for this analysis
are only estimates and in many Cases may not be very reliable and secondly, the
strategic effects are not €asy to quantify in most cases. The steps listed above
highlight the irﬁpp;’(fancé of .both quantitative (step 5) and qualitative (step 6)
analysis.

6.4 PREDICTING FUTURE CAPACITY " : R

REQUIREMENTS RN i i

b

Any capacity plan that we prepare is heavily dependent b‘fj‘j&ﬁr-a;’;sessment“aﬂhe‘ '
likely demand of our outputs. However, preparing long-rdrigé forecasts of ‘dethand* -
is quite difficult. Apart from the general growth in demand of the product due to
the trend and cyclical effects, there can be contingencigs: which affect' the demand
significantly but are quite difficult to predict. Such eontifigencies can range from
failure of monsoon to wars, oil embargoes or major technological breakthroughs.

In general though, mature products are likely to Have more stable and predictable
growth as compared to products in the introduction or growth phases.of their

respective product life-cycles. ol b

Multiple Outputs

If a productive unit is producing many outputs, then for predicting future capacity . -
requirements, the demand for each of these outputs has to be forecast. Thesé
outputs could be in different phases of their product life cycles. In general, the
outputs will have different growth rates and it is possible that some of the outputs
are actually in the decline phase of their life cycles.

In general, the total demand for a number of outputs will show much less
fluctuation than the fluctuations in the demand for any one of them. This is
because the rate of growth of demand for each output ‘is different and it is possible
that as the demand for one output accelerates in its high growth phase, that of
another output decelerates as it reaches its maturity phase. We might as well note,
in passing, that if different outputs have unequal growth rates, the output mix of
the organisation will also change with time. '

Multiple outputs also provide some kind of a hedge against changes in
environmental conditions—especially if the demand for these outputs are
independent. As compared to a plant making only one brand of soap, another plant
producing more brands-and catering to different market segments will have much
more stability in its total capacity requirements. In fact, this analysis leads us to the
conclusion that better predictions of future demands could be made for those
operations which are ﬂexibl‘e as compared to the ones which have been designed for
specific outputs using continuous flow processing or process industries.

Mature Outpuis with Slahle Demand Growth

- Outputs which are in the maturity phase of their product life cycles exhibit less
volatility in their demands. If the life cycle is very long, then the demand growth is
steady and the demand can be predicted with great confidence. One can easily give
examples of such outputs—steel, fertiliser, sugar, cement, textiles, electricity,
hospital services and so on. : ) ’

Long term forecasls of the demand of an output are made by using causal ,
forecasting methods like regression analysis and econometric models or by using




predictive methods like Delphi, market Surveys, Historical analogy and life cycle
analysis or else by using non-formal methods like executive opinions and
extrapolation. ‘

Regression analysis tries to develop a forecasting function, called a regression”
equation, wherein the demand for the output is expressed in terms of other
variables which perhaps cause or control the demand. For example, the demand for
furniture may be expressed as a function of a number of variables such as, new
construction activity index for the previous year, new marriages performed during
‘the year, disposable personal income during the year and a trend effect. Although
good computer programmes are easily available to carry out the computations
involved in regressiqn analysis, it requires considerable time and cost as various
hypotheses regarding the effect of variables may have to be tested to develop the
regression equation. When used for long term forecasting, the causal variables need:

"’to be forecast in future before a forecast for demand is made available by the
regression equation. . =

Econometric forecasting methods are really an extension of regression analysis and

include a system of simultaneous regression equations. For example, the demand of
an output could be expressed as a function of GNP, price and advertising. The
price in turn, is a function of its cost, selling expenses and profit; the cost could
be a function of the production and the inventory levels and finally, the selling
costs. Instead of one relationship we now have to estimate four and estimate them
.simultaneously. These methods require high amounts of time and cost.

All predictive methods, including Delphi technique, are qualitative methods which
can be used even when historical data regarding past sales etc.are not available.
They have a special role in long term forecasting since quantitative methods have
strong limitations in predicting contingencies. The Delphi method draws upon a
panel of experts in a structured manner to eliminate the possible dominance of the
more vocal, more prestigious and the better salespersons in the group. Each expert
in the group makes independent predictions in the form of brief statements. The
coordinator edits and clarifies these statements and then provides a series of written
questions to the experts along with the feedback by the other experts. This process
is continued for several rounds. However, a reasonable amount of convergence is
achieved in a small number, usually three to four, rounds.

Market surveys and other studies on consumer behaviour provide us-with a lot of
primary data which can provide insights on factors like what makes a customer buy
the product, what features have a high priority in the customers’ ‘preference
structure, what are the perceptions of the competing products, the likely impact of
price changes and so on. Such insights can prove to be extremely useful while the
long term demand of the product is being predicted. ‘

Historical analogy and life cycle analysis try to predict the growth of demand of an
output by analysing its progress sO far along its product life-cycle and also by
comparing it with the life-cycle of another similar output. For example, the growth
of demand of colour TV sets can be compared with the life-cycle of black and
white TV sets and long term predictions of clour TV sets can be made based on
such comparisons. '

In case of multiple outputs, a similar exercise is to be carried out for each of the
outputs and when added, they provide the capacity required throughout the
planning horizon. If the outputs are not homogeneous, this mi\gm mean different
capacity requirements for each sub-process. )




Table 1
Projected Capacity Gap or Slack for a Multiple Output Organisation

Capacity, units per year

Current . C
1987 1989 1991 1993 1995 1997
Predicted Capacity Requirements : ‘
Output 1| 10000 12000 14500 17500 21000 25000
Output 2 5000 6500 8500 11000 14500 18500

Machine Shop Capacity
(Output 1 Equivalent)

Requirement 20000 25000 31500 39500 50000 62000

Current 25000 — — — — —
(Gap) or Slack 5000 (6500) (14500) {25000) 37000)

Assembly Shop Capacity
(output | Equivalent)

Requirement 15000 18500 23000 28500 ©.35500 - '.- 43500

" Current : 15000 _ o — _ -
(Gap) or Slack - (3500) (8000)  (13500)  (20500) , - (28500)
In Table 1 we show h essin -

case of a multiple OUtpu. uigatipauLi, 3w VUIPULS | RRA ¢ TEGUINe some machine
shop operations and then some assembly operations. However, each unit of cutput
2 requires twice as much machining as a unit of output 1. G the other hand, both
the outputs require the same amount of asscinbly shop time for each unit. In Table
1, the capacities of both the machine shop and the assembly shop have been
expressed in terms of units of output 1 using the above mentioned ratios. For
example, in 1989, predicted capacity requireinents are of 12,600 units of output 1
and 6,500 units of output 2. However, as cach unit of output 2 requires twice as
much machining time as one unit of output I, the total capacity requirement of
machine shop in 1989 would be equivalent to (12,000 + 2x6,500) i.e. 25,000 units of
output 1.

In Table 1, we have predicted the expected capacity requirement for outputs I'and
2, and used these to find the capacity (gap) or slack. One can also prepare the
optimistic and pessimistic predictions.

New Outputs and Prediction of Demand

It is exceedingly difficult to prepare reliable long term demand forecasts for new
outputs in their introduction or even rapid growth phases. This may also be the case
for some mature products where the capacity planning is dependent on availability
of supplies and this could be risky—for instance for petroleum.

As the uncertainty involved in such cases is higher, it is better to try to understand
.the probability distribution of the demand. One of the simplest ways for this is to
estimate an optimistic prediction of demand for the output as well as a pessimistic
prediction of demand for the same, over and above the expected predicted demand.

Let us consider a new product which is still in the rapid growth phase of its product
life cycle. The growth in sales have been of the order of 80% this year and it is
expected to continue to have a high growth rate. Table 2 gives the expected as well
as the optimistic and the pessimistic capacity requirements. The optimistic
assessment assumes that our market share will increase and when the market itself is
growing, the demand for our product-could really grow very fast. However, with
time there will be a slowdown in the growth rate. On the other hand, the pessimistic
predictions assume that due to increased competition our market share will fall even
though the predicted demand increases because of the expanding market. It can
also be seen that uncertainty, in terms of the difference between the optimistic and
the pessimistic predictions, increases as we look further into the future.




Facilities Planning Table 2 '
Projected Capacity Requlremmts on Expected, Optimistic and Pessimistic Bases

Capacity, units per year

- Current )
1987 1989 1991 1993 1995 oL 1997
Expected Capacity ' B ‘f
Requirement 10000 - 16000 25000 38000 58000  83000°
Optimistic Capacity ) - ‘
Requirement 10000 20000 - . 35000 60000 96000 145000°
ﬁ;\\ = RN
Pessimistic Capacity » ) N

Requirement 10000 14000 19000 24500 32000 42500

; s

e v v et st 4 o

Using the capacity»_pred‘ic:ions,.pf Table 2, we can easily work out the capacity gaps
or slacks in different sub-processes. This has been done in Table 3 and 4 for the
optimistic and the pessimistic predictions. A quick comparison reveals that if the
optimistic predictions come true, then large capacity additions have to be built and
the process has to start immediately as there would be a shortfall of 7,000 units per
year by 1989 in machine shop capacity. On the other hand,the capacity additions
need to be much smaller and slower if the pessimistic estimates were to come

true.
o Tabie 3
Projected Capacity Gaps or Slacks for the Optimistic Prediction
Capacity, units per year
Current
1987 1989 1991 1993 1995 1997

Predicted Optimistic :

Capacity Requirements 10000 20000 35000 60000 96000 145000
. Machine Shop
_ Capacity 13000 - —_— — -— —

Machine Shop Capacity ‘

(Gup) or Slack 3000 (7000) . (22000) (47000) (83000) (132000)

Assembly Shop .

Assembly Shop

Capacity (Gap) or

Slack —  (0000)  (25000)  (%0000)  (86000)  (135000)




. Table 4
Projected Capacity Gaps or Slacks for the Pessimistic Prediction

Capacity, units per year

Current .

1987 1989 1991 1993 1995 1997
Predicted Pessimistic .
Capacity Requirements 16900 14000 " 19000 24500 32000 42500
Machine Shop :
Capacity 13030 — - — — —
Machine Shop Capacity
(Gap) or Slack 3900 (1000) (6000) (11500) (19000) (29500}
Assembly Shop o
Capacity (Gap) or .
Slack - (4000) (5000) (14500) (22000) (32500)

Activity B ,

Prepare capacity forecast for your organisation. Which activities o, processes or-
. . . N . RS- X IS in -

sub-organisation will pose slack (or gap) situations? C

it
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6.5 GENERATION OF CAPACITY PLANS

Once the capacity, requirements have been worked out, alternate capacity plans,
listing the size and timing of capacity additions, can be generated. If the capacity
available does not match the capacity required in any year, the capacity plan also
mentions whether alternate sources of capacity will be used or whether the plan is
prepared with the possibility of lost sales.

Size of Capacity Increments

When there is a growth in predicted demand of a product, the important question is
how much of capacity has to be added and when, rather than whether capacity has
to be added. Two strategies for capacity addition could be easily formulated: (i) add
capacity in small increments but more often, and (ii) add large capacity increments
but less often. g '

Two other related options are: (i) add capacity before the requirement exceeds the
capacity available, and (i) add capacity after the requirement has overtaken the
available capacity. Of course, one can have mixed options such as adding a large
capacity increment so that the available capacity is much in excess of the likely
demand. However, as the demand is continuously growing, it will soon overtake the
available capacity and then add another large increment of capacity. '

Alternate Sources of Capacity

We have seen above the capacity of any facility also depends on the intensiveness
of use. Therefore, a manager has access to a higher capacity without really building
additional capacity by increasing the intensiveness of use. This includes alternatives
like overtime, holiday work, additional shift working, etc. There is a further
possibility of subcontracting a pat or all of the transformation orocessing. to

Facilities Planning



outsiders and have access to their capacities as well. However, for specialised and
sophisticated processing, subcontracting may not be feasible and similarly, for
process industries working round the clock, it may not be possible to increase the
intensiveness of use.

By making use of these altei aate sources of capacity, one can reduce the cost of
carrying a high capacity along with reducing the risk of not using the capacity built.
Alternate capacity plans may have capacity gaps whick would be met from these
alternate sources of capacity.

Cost-Volume Relationships

For a given capacity, unit cost of production decreases with higher volume as the
fixed cost gets spread over a larger volume. However, near the capacity limit and
marginally above the normal capaci y, the unit cost increases as the variable cost
per unit starts increasing due to higher costs involving overtime, holiday work,
subcontracting, etc.as well as the effect of general congestion at work places and of
equipment. In effect, therefore, the unit cost of production will have the shape of a
‘U’ with the minimum being somewhere near the normal capacity established.

‘Economies of Scale

A higher capacity plant offers some economies of scale. It is worthwhile going in
for greater automation only in a high capacity plant. This, coupled with more
sophisticated technology enables a larger capacity plant to produce at a lower
variable cost per unit although the fixed cost of production is much higher. The
combined effect of these is that a lower unit cost can be achieved in a larger
capacity plant. s

There are other economies of scale as well. With increase in capacity, the increase in
investment in inventories is less than proportional e.g. a 100% increase in capacity
would require an increase of about 40%—S0% in investment in inventories giving '
rise to an economy of scale. Similarly, in many process industries, the capacity
increases as per the volume of pressure vessels, pipes, tanks, etc.whereas
construction costs vary as per the surface area of the same giving rise to an
economy of scale in construction costs.

Lost Sales -

An alternative to meeting the capacity requirement through additional capacity or
alternate sources is to absorb some lost sales. However, lost sales always amount to
losing some market share. This is a very risky alternative, especially in the face of
competition, while generating capacity plans because market share losses could be
permanent. :

Although lost sales are not found in capacity plans of commercial organisations,
capacity could be perenially found to be below the requirement in case of many
infrastructural facilities. This could be seen in power, public transportation,
telephones, water supply and other facilities. Even for commercial organisations,
when there are sudden spurts in demand growth, there may be no alternative to
“meeting the demand through lost sales which amounts to absorbing a loss in
possible contribution.

Multiple and Anticyclic Outputs _

As mentioned in 8.4 above, multiple outputs increase the stability of demand
_growth. Each output being in a different phase of its respective product life cycle,
the demand for some outputs shows decline that of others could be in their grov th
phases. Consequently, the overall capacity requirement will have much less
fluctuation than that for any one output.

A similar concept is useful even when the demand for an output is highly seasonal
and varies widely during the course of a year. If possible, the addition of an
anticyclic output can help in stabilising the capacity requirement throughout the




year. The demand for electric fans is highly seasonal with the peak occurring in
summer and the sales in winter coming close to nil. If heat convectors, which
require similar production process, are added to the product range, the capacity
requirement throughout the year will be more stable as the demand for heat
convectors peak in winter. Electric fans and heat convectors are therefore anticyclic
and the addmon bf antlcyclnc outputs makes it- poss:ble to have better capamty
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6.6 EVALUATION OF AL'TERNATE CAPACITY PLANS

The alternate capacity plans developed will have to be analysed to f'nd the one
which is most desirable for our purpose. This involves a quantitative analyslls to
find the economic consequences of different capacity plans based on the
assumptions made regarding what is going to happen in future. However, there are
uncertainties regarding future as well zs many strategic effects flowing fr
capacity plans all of which cannot be quantified precisely. That is why thére is a
need for quantitative assessment of the risks and other strategic consequences.

~ Economic Analysis for Mature Outputs with Stable Demand Growth

Establishment of capacity is always an investment and the returns from it accrue
over a period of time. That is why some kind of discounted cash flow analysis has
to be used so that alternate capacity plans can be compared.

For each alternate capacity plan, the general procedure requires that all the cash
flows occurring in different years up to the planning horizon have to be listed. All
the costs incurred are cash outflows and the revenues earned are cash inflows.

When all these cash flows are discounted at the cost of capital for the enterprise, we
get the Net Present Value (NPV) for each capacity plan. The capacity plan having
the highest NPV will be the most attractive from an economic perspective.

This basic methodology can be expanded by adding to the list of alternative
capacity plans to take care of different locations e.g. when considering capacity
expansions and even plans to have vertical integration—both backward (to produce
what we are buying from our suppliers) and forward (to use in further processing
and assembly what is currentlv our ﬁmshed product).
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Economic Analysis for Ou(buts with Highly Uncertain Demand
Growth ’ .

When the demand growth is highly uncertain, the consequent cash inflows from any
capacity plan are not reliable enough to make any conclusions. {n such a case,
knowledge of the probability distribution of demand is quite useful and in the
absence of the detailed distribution, one needs to know the optimistic, expected and
pessimistic predictions of demand. For each of these scenarios, the NPV for each
alternate capacity plan can be computed. Different and appropriate capacity plans

“can turn out to be the most economic under each of these scenarios.

A more formal approach for such a situation involves using a decision ‘tree to
analyse the various altemate‘plans. Both the alternative: and the uncertain |
outcomes are shown on the decision: tree. Probabilities are assigned to each of the ‘
uncertafif outcomes and finally, ‘the tree is folded back to find the best capacity

i Yhitégy which results’in the highest value of some criterion like the expected MPV.

*When the demarid growth is highly uncertain, the choice of a capacity plan is highly

dependent on the strategic effects of having an over or an under-capacity.

Risk Analysis of-Alternate Capacity Plans

All capacity plans are based on prediction of probable demand and the i.

can never be predicted exactly. Thus, there is always some element of risk pre... .
any planning process..What-we have said above is that the risks are high.- = ihe case
of new outputs than in the case of mature outputs with stable demand.

If demand cannot be predicted exactly, the actual demand will either be low or
higher than the predicted demand. In the first case, we are likely to be burdened
with over capacity and in the second ¢ven: we are likely to suffer from an under
capacity. We should analyse the likely consequences of both overcapacity and
undercapacity. '

In each of the following situations the orpanisation may plan for having arx
overcapacity rather than an undercapacity if: (a) there are some minimum -
economic capacity sizes, below which the process becomes uneconomic, (b) the cost
involved in establishing capacity is relatively low, (¢) subcontracting is very difficult
or impossible, (d) the lead time required to establish new capacity is very long,

(e) the demand growth is more likely to be nearer the optimistic prediction than the
pessimistic one, (f) cost sales arc perceived by the trade very negatively and may
amount to a more than proportionate drop in market share.

On the other hand, the organisation may plan to add capacity on a conservative
basis in each of the following situations if: (a) alternate sources of capacity are
easily available, (b) the cost involved in cstablishing capacity is relatively low,
(c) the lead time required to'establish new capacity'is relatively short (d) the
customers are either expected to wait or the lost sales have no long term
consequences if the demand cannot be satisfied.

It is difficult to quantify many of the strategic consequences from having an
undercapacity or an overcapacity and what is important is to assess how these
influence the competitive ability of the organisation.

6.7 SUMMARY

We have looked at the process of capacity planning in an organisation in this unit.
We defined capacity as the limiting capability of a productive unit to produce. In

case of homogeneous outputs, the capacity can be expressed in units of output per
unit of time. However, when the outputs are not homogeneous, the availability of

the limiting resource is used to measurc, capacity.
: !
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- We have listed an eight step process for capacity planning. One of these relates to
the prediction of demand in future. We have discussed some of the methods

. -available for long-term demand prediction which can be used for prediction of
“«demand of mature outputs with stable demand growth. On the other hand, we need
to assess the probability distribution of demand infuture for new outputs and otheljs
where the demand growth is highly uncertain. ’ :

" 'While g'Enerating alternate capacity plans, the two primary factors are the size of
‘capacity additions and the timing of such additions. It is necessary to know the
aliernate sources of capacity, cost-volume relations, economies of scale and the
effect of lost sales while generating capacity plans.

. . . . .‘a 4” “‘"""b " .« o .
Both quantitative and qualitative analyses have their role while analy;xng the

alternate capacity plans recommended for implementq;ig.n. thlc ,g%gggggivc
analysis looks at the direct economic consequences emanating from a capagity plan,

Qqualitative analysis evaluates the strategic consequences of ending up with,gver and

t

6.8 KEY WORDS s
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Alternate Capacity Sources: Sources which increase the normal established capacity
of any productive unit by increasing the intensiveness of-its use e.g. by using
overtime, hoiiday work, additional shift, etc. or by subcentracting the whole or a
part of the processing. ) N
Capacity: The limiting capability of a productive unit to produce. ;...
Capacity Gap: The shortfall in capacity available to meet the capacity requirement.
Delphi Technique: A formal, structured method to lead a panel of experts to a
consensus rather than a compromise by providing feedback in written form and by
eliminating the possible dominance of vocal, prestigious members.
Econometric Forecasting Methods: An extension of regression analysis to include
the estimation of a system of simultaneous equations.
Economies of Scale: The reduction in—unit cost achieved by employing a higher
capacity plant due to lower variable eost per unit from more sophisticated
technology, lower capital costs per unit-of capacity, lower investment in inventories
per unit of capacity etc.
Life Cycle Analysis: Predicting the dernand growth of an output by comparing its »
growth with the product life-cycle of a similar output. 3 o
Lost Sales: The excess of demand over the capacity available, which amounts to a
loss in contribution and might lead to a permanent fall in market share.

" Market Surveys: Surveys of different elements of the market, e.g. customers,
dealers, traders etc. to find facts and attitudes towards an output or any of i_ts
characteristics.

Mature Output: An output in the maturity phase of its product life cycle.

Regression Analysis: A statistical method used in forecasting with the help of a
regression equation which expresses the demand in terms of other variables which
presumably control or cause the sales to increase or decrease.

Strategic Effects: Long-term effects of any decision which can influence the ability
of the organisation to exist or to grow.

6.9 SELF-ASSESSMENT EXERCISES
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. "
What is meant by intensiveness of use of a productive unit and how is it relevan
while establishing its capacity?

Service Organisations usually have to be provided with a higher capacity than
the annual or monthly requirement. Why?"

What do you think are the apjsopriate. methods for predicting future
requirements for:

i) “’ement

ii) Colour television sets

iii) Pre-cooked noodles

iv) Petroleum‘

Es‘tabl‘iéqi}le- waxgx{ngxmum capacity and managing with alternate sources like
ové;ttii;i;‘é, additional shifts, and subcongracting is always a low-risk strategy.

Co ﬁ\’gt;)é%gg. i adl o

Electronic toys are slc "ly:bggommg'pqpular in the Indian market. The
manufacturing process is rc{g;mi,ygu;,simple and primarily involves the assembly of
many bought-out components. Asgembly capacity can be added in relatively small
units and is not very expe%iive as the assembly operations are highly labour
intensive.

If you were to formulate a capacity plan for five years for a unit which is in the
business of gngnufacturing and selling electronic toys, how would you proceed?
What kind of alternate capacity plans would you generate and how would you
evaluate these plans to decide the one which should be implemented?

There are no useful quantitative forecasting models for lopg-term  prediction of
future requirements ' (True/False)
For mature outputs with stable demand growth, the capacity gaps are uniform
across all departments or sub-process. (True/False;
In some situations, absorbing lost saes could turn out to be more economical tt}an
installing new capacity. : (True/Faise)

It is more economical to plan capacity addition in small increments and more often,
than to have large capacity additions and less often. (True/False)
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'BLOCK 4 OPERATIONS PLANNING AND

CONTROL

This block deals with problems of production/ operations management in d1ffercnt
kinds of production systems based on material flow characteristics i.e. Mass
Production (Unit 9), Batch Production (Umt 10), Job Shop Production (Unit 1),
and finally planning and control of unit manufacture or projects (Unit 12). Thus
problems of balancing of assembly lines (Unit 9), optimal layout, aggregate
production planning, machine-job al]ocatnons, 'determination of Economic Batch

‘Quantity (Unit 10), priority dispatching rules (Unit 11), Project Planning and

Monitoring Techniques Based on Network Models for projects (Unit:12) are
discussed. Unit 13 discusses the problems of Maintenance Management. -




UNIT 9 PLANNING AND CONTROL FOR
MASS PRODUCTION o

ObjectlVeS [ qer completion of this unit, you should be able to:
understand the nature of mass/flow production

identify the situations under which mass production is justified

appreciate both the desirable and undesirable features of mass production

see how assembly lines. and fabrication lines are designed

get an idea of how modular production and group technology could be used to
advantage in mass production: ]

¢ understand the role of automation including robotics in mass production.

Structure

9.1 Introduction

9.2 When to Go For Mass Production

9.3 Features of a Mass Production System

9.4 Notion of Assembly Lines and Fabrication Lincs
9.5 Design of an Assembly Line

9.6 Line Balancing Methods

9.7 Problems and Prospects of Mass Production
9.8 ..Modular Production and Group Technology
9.9 Automation and Robotics

9.10 Summary

9.11 Key Words

9.12 Self-assessment Exercises

9.13 Further Readings

9.1 INTRODUCTION

Kinds of Production Systems: Flow Shops, Job Shops and Projects
As you already know, production involves the transformation of inputs (such as
men, machines, materials, money, information and energy) to desirable outputs in
the form of goods and services. It is customary to divide production systems into
three categories: the flow shop, the job shop and the project. The flow shop exists
when the same set of operations is performed in sequence repetitively; the job shop
exists where the facilities are capable of producing mauny different jobs in small
batches; the project is a major undertaking that is usually done only once. It consists
of many steps that must be sequenced and coordinated. A

The flow shop employs special purpose equipment (designed specifically for the
mass-scale production of a particular item or to provide a special service). The job
shop contains general-purpose cquipment (cach unit is capable of doing a variety of
jobs). The project, like the flow shop, requires a sequence of operations, except that
the sequence lacks repetition. Each project operation is unique and seldom repeated.
For example, the production line for automobiles is a flow shop; the machine shop
that makes hundreds of different gears in batches of 50 at a time is a job shop;
building a bridge or launching a satellite in space is a project.

This unit is concerned with the problems of mass production encountered in flow
shops. Batch production and its problems are discussed in wmnit 10, while job shops
and p_lj(_)jects are handled in units 11 and 12 respectively. C

9)iB)




Nature of Mass Production

It was Henry Ford who in 1913 introduced the ‘asscmb,l)’}' line’ and the notion of
‘mass production’. It is erroncous to think that mass pfoduction means production in
millions or for the masses, though this may be an oulcome. Mass production refers
to the manner in‘which a product iy produced. This involves the decomposition of

the total task into its minutest elements (shuwn usually on a pfccl:&ll:‘nd:‘ “diagram)
and’the subsequent regrouping ‘of these clements according to the norms of
production. An assembly line consists of work stations in seqrence where at each
work station the above carefully designed portion of work is done. Mass produc'tion
requires that all like parts of an assembly line be interchangeable and that all parts
be r(;placeable, characteristics which permit prodution and maintenance of large
quantites. : . L
- The assembly liie' is a production line'where material moves continyously at a
uniform average rate through a sequence of work stations where assembly work is
performed. Typical example of these assembly lines are car assembly, electrical
appliances TV sets, computer assemblies and toy manufacturing and assembly. A
diagrammatic sketch of a typiéél assél'l"{bly'ﬁne is shown in Figurel. The arrangememt
of work along the assembly Ilih‘é.yigl)_\'/ery according to the size of the product being
assembled, the precedence requirements, thc available space, the work element and
the nature of the work to be pé;;‘formed,on the job.

bt .t

“iFigure 1E A Typical Assembly Line

=

Final Assembly

Input muférm‘l-\- i

work station i

Material movement between work stations could be manual, as for instance when
operators sitting in a row pick up the part from the output of the previous operator,
work on it and leave it in a bin to be picked up by the next operator; Or through the
use of conveyors, which carry the part at a predetermined speed so that there is
adequate time for each work station to complete its allocated share of work. There
are various types of conveyors that are used in assembly lines; the most widely used
are belt, chain, overhead, pneumatic and screw conveyors.

It may be of interest {0 note that assembly lines could have varying degrees of
automation, starting from the purely manual on the one hand to the “ultv automated
line on the other. However, the underlying principle of the assembly iine «1nd mass
production remains unchanged, although the labour content may be reduccd through

robotisation.

9.2 WHEN TO GO FOR MASS PRODUCTION _

It is 'generally agreed that mass production is justified only when production
auantities are large and product variety small. The ideal situation for mass




:pro,duction; \y;oﬁld be when large volumes ot one product (without.any changes in
design) are to be produced continuously for an extended period. of time. Thus the
rate of consumption (or demand) of the product as compared to the rate of
production decides whether continuous or batch production is called for. Obviously,
only if the rate of demand is greater than or equal to the production rate, mass or
continuous, prodixciio‘n, could be sustained. If the rate of demand is less than the
production rate, batch production with suitable inventory buildups could be resorted
to. : o

Apart from the above consideration, the economics of the matter would have to be
evaluated before deciding as to whether an assembly, line.is justified or not. This is
‘illustrated by the following example.

Rl v e v
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Example 1 ’ ) e
As a manager of a plant you have to determine whéther you should purchase a’-

.....

component part or make it in the plant. You can puirchase the item at'Rs. 10 per
piece. With an investment equivalent to an annual fixed cost of Rs. 20,000 and a
variable cost of Rs.2.50 per piece an assembly line"¢an be set up to manufacture the
part. A third option open to you is to make the paft at individual stations with an
annual fixed cost of Rs. 10,000 and a variable cost.of Rs.5 a piece. Assuming that
the annual demand is expected to be around 3500 units which alternative would you
suggest?

Solution

The choice from the three alternatives (purchase, produce at individual stations, or
employ an assembly line for production) is simplified by plotting a cost vs. quantity
chart for these options. If Q is the quantity purchased or produced then total cost
equals Rs. (10Q), if the part is purchased; Rs. (10,000 + 5Q), if the part is made at
individual stations; and Rs. (20,000 + 2.5Q) if the part is made on an assembly line.
These cost functions are plotted in Figure Il and the break-even points at quantity
levels of 2000 and 4000 reveal the following decision rules:

For annual requirements in the range 0-2000, it is cheapest to buy,

For annual requirements-in the range 2000--4000, it is cheapest to produce on_
individual stations, and only for annual requirements of 4000 or more, is an
assembly line justified.

Thus for an annual requirement of 3500, you should not recommend the installation
of an assembly line. S




igure 11: Costs of the Three Alternatives
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Activity A ‘

Think of situations in your dally life where alternatives of the above types exist. Can
you analyse them using break-even analysis? :
0 y ' :
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..9.3 FEATURES OF A MASS PRODUCTION SYSTEM

A mass production system operating as a continuous flow line exhibits certain
dasirable and undesirable features. These are summarised below: ’

Advantages ) o
1 A smcoth flow of material from one work station to the next in a logical order.

Although straight line flow is common, other patterns of flow exhibited in Figure
111 are also employed when constraints on space or movement so indicate.

Figure 111: Kinds of Flow Patterns

(a) Straight or.1flow ~  (b) L=flow




|

( ~(d) Circular or O~ flow

\\\ .

{e) Serpentine or S - flow e . -
2 Since the work from one process is fed directly into\the next, small inprocess
inventories result. - ",?\‘\:‘ : i &
3 Total production time per unit is short. S s
4 Since the work stations are located so as to‘minimisé distances between
consecutive operations, material handling is'reduced. :

5 Little skill is usually required by operators at the produgtion line; hence training is

simple, short and inexpensive. ; - ,

6 Simple production planning and control systems are possible.

7 Less space is occupied by work in transit and for temporary storage.

Disadvantages , . |

1 A bicakdown of one machine may lead to a complete stoppage of the line that
follows the machine. Hence maintenance and repair is a challenging job. =

2 Since the product dictates the layout, changes in product design ‘may require
major changes in the layout. This is often expressed by saying that assembly lines
are inflexible. : 4

3 The pace of production is determined by the ‘slowest’ or ‘bottleneck’ machine.
Line balancing proves to be a major problem with mass manufacture on assembly
lines, v ‘ I R :

4 Supervision is general rather than specialised, as the supervisor of a line is 1ooking
after diverse machines on a line. , " '

5 Generally high investments are required owing to the s cialised nature of the
machines and their possible duplication in the line. : ”

9.4. NOTION OF ASSEMBLY LINES AND
FABRICATION LINES

It is useful to consider two types of line balancing problems:

i) assembly line balancing, and
ii) fabrication line balancing.

The distinction refers to the type of operation taking place on the line to be
balanced. The term ‘assembly line’ indicates a production line made up of purely
assembly operations. The assembly operation under consideration involves the arrival
of individual component parts at the work place and the departure of these parts
fastened together in the form of an assembly or sub-assembly. -
The term ‘fabrication line’, on the other hand, implies a production line made up of
‘operations that form or change the physical, or sometimes, chemical:charameristi_ci_ .
of the product involved. Machining or heat treatment would fall into operations of
this type. :
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Although there are similarities between the problem of assembly line balancing and
that of fabrication line balancing, the problem of balancing a fabrication line of
machine line is somewhat more difficult than the assembly line balancing problem. It
is not so easy to dikide operations up-into relatively small elements for regrouping.
The precedence restrictions are usually ‘tighter in the fabrication line. An assembly
operator may easily shift from one assembly job to another, but a machine tool may

" not.be utilised for a variety of jobs without expensive changes in setup and tools.
Some methods by. which the balance of fabrication operation times can be achieved
are as follows: | ; '

changing machine speeds 43

using slower machines on overtime 4yq - - :

.

providing a buffer. of : ' ';f‘in‘i;xthed parls ay appropriate placey

using, meghanisal:Aevicedfgr diverting pacts:
methods improvement.

9.5 DESIGN OF AN ASSEMBLY LINE

7D W N -

The Broad Objective in Design

As you have just seen the two most important manufacturing-developments, which
led to progressive assembly are the concept of interchangeable parts and the concept
of the division of labour. These permit the progressive assembly of the product, as it
is transported past felatively fixed assembly stations, by a material handling device
such as a conveyor. The work elements, which have been established through the
division of labout principle, are assigned to the work stations so that all stations
have nearly an equal amount of work to do. Each worker, at his or her station, is
assigned certain of the work elements. The worker performs them repeatedly on each
production unit as it passes the station.

The assembly line balancing problem is generally one of minimising the total amour:
of idle time or equivalently minimising the number of operators to do a given
amount of work at a given assembly line speed. This is also known as minimising th:
balance delay. ‘Balance delay’ is defined as the amount of idle time for the entire

assembly line as a fraction of the total working time resulting from uncqual task
time assigned to the various stations. . :
Kilbridge and Wester after studying the varjation in idle times at stations caused by
different assembly line balances concluded that high balance delay for an assembly
line system for a specific product is caused by

i) wide range of work clement times

ii) a large amount of inflexible line mechanisation and

iil) indiscriminate choice of cycle times.

However, as we shall see, the cycle time is often dictated by a specific desired
production rate, which may not lead to a low balance delay.
Division of Work into Parts: The Precedence Diagram

The total job to be done or the ‘assembly’ is divided into work elements. A diagram
that describes the ordering in which work elements should be performed is called a
‘precedence diagram’. Figure 1V shows the precedence diagram for an assembly with
12 work elements. Notice that tasks 2 and 4 cannot begin until task 1 is completed.
Moreover, there is no restriction on whether task 2 is done first or task 4. These two
tasks are unrelated meaning thereby that they may be done in parallel or even with
partial overlap. A task may well have moy/c than one immediate predecessor. For
example, in the precedence diagram of Figure IV task 12 has 3 immediate
predecessors and cannot begin until all the three work elements 8, 9 and 11 are
completed. '




" Figure IV: Precedencé Dingram for™ 5 Assembly with 12 Elementy
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ihe ,oroering dictated by the precedence diagram may be the rcsult of technological
restrictions on the process or constraints imposed by layout safety or conveniénce.

The precedence diagram forms the basis ‘for the groupmg of work elemcnts mto
work stations.

Activity B

Fora job like mending the puncture of your brcyc‘le tyre' 1dentrfy the work elements and
daw precedence diagram.

EX

Grouping of Tasks for Work Stations and Effi iciency Criteria

Depending on the desired productron rate of the line, the cycle time (CT) or-the time
between the completron of two successive assemblies can be determined. This
deternines the conveyor speed in the assembly line or the time' allocated to each
operator to complete his share of work in a manual line..
The individual work elements or tasks are then grouped into work qtatrons such that
i) the station time (ST), which is the sum of the times of work elements performcd
at that station and should not exceed the cycle time, CT.

ii) the precedence restrictions implied by the precedence diagram are not vielated.

There are many possible ways to group these tasks keeping the above restrictions in
mind and we often use criteria like line effncrcncy, balance delay and smoothness
index to measure how good or bad a particular grouping is. These crrtena are
explained below:

1 Line efficiency (LE): This is the ratio of total stanon time to the product of
the cycle time and the number of work stations. We can express this as ‘

Esr DN

X 100.%

LE
(K) (CT)

where ‘
S T; = station time of station i _
K = total number of work stations
CT = cycle time. i :
2 Balance delay (BD): This is a measure of the line 1neffcrency and is the totdl
idle time of all stations as a percentage of total available working time of all stations,




' K
L
(K) (CT) — g™
BD = > __._/v -l X 1000/0
T (K) (CT) '
Balance delay is thus (100-LE) as a pg‘rcentage. -
o i 1): This i i indi he relative smoothness
5 thness index (S1): This is an index to mdnc?te t tive -
’ 2? : ;ivcn asscmbly line balance. A smoothness index of 0 indicates a perfect |
palance. This can be expressed as:

g ‘i(s Tomax ST

. i=1
RS to At S R A P 1

where

- SThax — maximum station t%me‘l
+ o ;GF, = station time of station1
K =total number of work stations.

g
er of work stations, K

o cion em ine the numb
ted that in designing 21 assembly 1i0¢ K is an integer such

It may B nod the total number of work elements, N (in fact

cannot excee

that 1<K <N). Also the cycle ttme is greater than or'cqual to the maxim_um time of
any work element and less than the total of all work element times, that 1s

N
T <CT< Eri

i=1
Where
Ti is the time for work element i
N is the total number of work elements
Tmax is the maximum work element time
: : CT is the cycle time.

There is yet no satisfactory methodology which guarantees an optimal solution for
all assembly line balancing problems. The emphasis has been on the use of heuristic
procedures that can obtain a fairly good balance for the problem. For reviews of
proc?dhres available for assembly line balancing refer to Buffa and Kilbridge and
Wester. Two commonly used methods for obtaining a good balance for an assembly
line balancing problem are presented in the next section.

9.6 LINE BALANCING METHODS

Kilbridge and Wester Method

In this procedure proposed by Kilbridge and Wester numbers are assigned to each
operation describing how many predecessors it has. Operations with the lowest
predecessor number are assigned first to the work stations. The procedure consists of
the following steps: -
1) - Construct the *- adence diagra work elements. In the prccedencé
: diagram, lisi in column I all we that need not follow others. In
column 11, list work elements thi Jow those in column 1. Continv
the other columns in the same way. 1y s -ORStr: *ing the columns the
elements within a column can be assigned to wo _ations in any order
provided all the elements of the previous column have been assigned.
Select a feasible cycle time, CT.Bv a feasible time we mean one for which




3)  Assign work elements to the station such thdt the sum of elemental times does
not exceed the cycle time CT. This assignment proceeds from column I to 11
and so on, breaking intra column ties using the criterion of minimum number
of predecessors. \ !

4) Delete the assigned elements from the total number of work clements and

- repeat step 3. 1 :

5)  If the station time exceeds the cycle’ tlme CT duc 6 the inclusion of é\ccrtain
work element this work element should be assigned to the next station.

6) Repeat steps 3 to 5 until al\! elments are assigned to work stations.

" Example 2 : \ C I

Let us, for illustration, use the K1 brldge Wester- methnd to balance the assembly line
with the precedence diagram shown in Figure 1V.

First of all, the 12 elements are assigned to columns as under

element 1 in column 1

elements 2 and 4 i column 1 .f“:}“, 11

elements 3and 5 i column | 111 _
element 6 - ~ incolumn - | v A
elements 7, 9 and 10 . in column L/ \% R
elements 8 and 11 in|column ! © VI

element 12 o in'column . | . VIL

i

This is diagrammatically shown in FRigure V. Supposc we want to balame the line
for a cycle time, CT=1Q. We count f‘*c number of predeqessors for each work
element anY record it in Table 1. Work element 1 is selected first because it has the
. least number of predec=ssors. Therefqre we assign element I to station 1. Either

\

Figure V: Grouping of Work Flements into (‘ulun,/ns for Kilhridgc-\\’esler.“.\h-thod
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element 2 or 4, each of whicn uas an operation time of 3, can be assigned to station
1, which results in a station time of 8 < CT. Element 4 cannot be added to station 1,
otherwise the station time will exgeed the cycle time; therefore we assign element 4 to
station 2 and continue with the above process. The final assignment resulting from
an application of this procedure is shown in Table 2. .




Table 1
Number of Predecessors for Each Work Element

Work Element i Number of Predecessors Ti
! 0 S .
2 1 3
3 2 4
4 1 3
: 2 6
5 -5
6 2
5 7- 6
9 6 1
10 - 6 4
i 7 4
2 11 7
T Table 2
Assignment of Work Elements to Stations (Kilbridge-Wester Method)
Station Eleme‘r'i,tl‘iv Ti Station sum ldle time
1 5 8 2
1 2 3
4 3
1 | R 5 6 9 |
3 4
111 6 S 9 1
7 2
9 1 7 3
v 10 4
8 6
\Y 11 4 10 0
Vi 7 7 K}

)
i

i
1
1
1
i
|
i
{
!
\

The line efficiency (LE) = x 100%
6 x 10
= 83.30/0
Balance delay (BD) =16.7%

Smoothness index (SI) = V4+1+14+9+9
) — /A4 — 189

That the-solution obtained above is not the optimal solution can be seen by making
some adjustments in the solution of Tabiu 2 to vield the solution of Table 3 for
which the cycle time is equal 1o 9 and the figures for line efficiency and smoothness
index arc: :




Twble 3
Revised Assignment of Work blametids 10 Stations (Cycle Time = 9)

T Stations “ Flement 1 Ii Station sum Idle Time
- ' ~
| 2 y ! :
. 4 - -‘
I 5 6 9 0
— '4— 4 o
1 6 5 i
7 2
v 8 6 8 !
10 4 )
\% 11 4 8
9 L
Vi 12 T 8 l

This should cause no concern, for the Ki]l_)‘;‘:idge and Wester method is a heuristic
procgdure whi_ch ‘does not guarantee an optimal solution. It only results in good
working soiutions with relatively little computational effort: This is also true of the
otbe_r_ll_glx_ri§g<:_procedu[c to be discussed below. : ' -

Helgeson and Birnie Method:

This method proposed by Helgeson and Birnie is also known as the ranked

positional weight technique. It consists of the following steps: "7~

I Develop the precedence diagram in the usual manner.

2 Determine the positional weight for each work element (a positional weight of
an operation corresponds to the time of the longest path from the “eginning ¢
the operation through the remainder of the network). '

3 Rank the work elements based on the positional weight in step 2. The work
element with the highest positional weight is ranked first.

4 Proceed to assign work elements to the work stations where elements of the
highest positional weight and rank are assigned first.

5 If at any work station additional time remains after assignment of an operation,
assign the next suctzeding ranked operation to the work station, as long as the

operation do-s no¢ inlate ¢ precedence relationships and the station time doe
not exceed t" ' (yo ¢ ime. .
6 Repeat steps =l ovatil o ' ments are assigned to the work stations.
Example 3
Let us take up for illustration the nalancing 7 the same assembly line considefed
previously by the Kilbridge-Weste - method. .+ :ne r ~cedence diagram shown in
Figure IV, and a desired cycle tinie of 10, we . con . ruct the table of positional
weights of all elements as Table 4. For exan''+. the i ~vitional . ight of operation 6

equals the thaximum of (5+2+6+7), (5+1+7), (3 w+4+7) = 20, sinve there afe 3 paths
(6—7—8—12, 6—9—12, 6—10—11—12) from the concerned operation to the end of the
network. Following the above steps 4, 5, 6 we obtain the assignments of WoTk
elemer ts shown in Table § . :

The liie ficiency and smoothness index for this assignment is:

50 .
Line efficiency =— X100 -
: 6 x-10
=83.3%




(Or equivalently, the balance delay = 16.7%)

Smoothness index = V4+ 14+1+16+4

=V26=5.09
Table 4
Positional Weights for the Work Elements ‘
Element | W B Positional Weight, PW
r 34
2 ‘ 27
3 24
4 29
5 26
6 20
7 N 15
8 13
9 : o i 8
10 - o 15
B} : : 11
12 ' S -
Table §
Assignment of Work Elements to Stations (Helgeson and Birnie Method)
Station Element i Ti Station sum Idle time
! 5
1 4 3 8 2
2 3
I 5 6 9 1
. 3 4
1l -6 S 9 1
7 2
v 10 4 6 4
. 8 6
\% . 11 4 , 10 0
9 |
Vi 12 7 8 2
Activity C

You should expore the possibility of improving the balance of adjustments between
work stations as we have done previously with solution obtained by the Kilbridge and
Wester method. ' :

"97 PROBLEMS AND PROSPECTS OF MASS
PRODUCTION |

Variable Work Element Times

In both the line balancing methods discussed in the previous section it was assumed
that the work element times are constant. In practice, these times may be varying
randomly owing to factors like human variability, fatigue or carelessness on the




opcrator’s part. Even in the case of machine operations, the set up or positioning
time of the part or components could icad to random variations in the individual
work ciement times. Since the assembly line is. balanced for a given fixed set of work
clement times the effects of these variabilities are two-fold.

i) greater idle time at some work stations, and

il) the reduction of the average producticn rate of the line.

In designing lines for random work element times with given means and variances,
some modification of the deterministic line balancing methods is adopted utilising
the additional criterion that the probability of the station time exceeding the cyele
time should be kept as low as possible. Some methods of probabilistic assemby line
balancing are discussed by Elsayed and Boucher. :

Breakdowns at Work Stations

The mass production system consists of a number of stages in series at which some
operations are being performed. A failure or a breakdown of one stage or work
station will result in failure of the entire production system until repair is completed.

The result would be decreased production rate. This problem is handled in practice
by providing: : . S
i) efficient maintenance service so that the broken down units are repaired and put
into service as soon as possible. ‘ e
A . Bt I Y IR P
i) buffer storage of semi-finished goods between each pair of stages, so that the
entire line does not stop due to the failure of one or more units,
The question of how much buffer storage to allocate between stages is of great
practical importance—a higher buffer stock means greater tied up capital but a lower
risk of runout and subsequent line stoppage due to breakdowns. -

The decision to estimate the size of the buffer can be governed by one or more of the
following criteria which consider as to what is the buffer size that:

I maximises the production rate of the system

2 minimises the total production cost

3 maximises the availability of the production system.

The problem could in general be viewed as a multi-stage queueing system (Figure‘Vl).
See for instance Elsayed and Boucher.

Figure VI: An Assembly Line with Buffers as Multi-stage Queucing System

queue queue queue |
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Multi-product Lines

One of the major disadvantages with assembly lines is their relative inflexibility. A
line is usually designed for one product and changes in design of the product are ;
often difficult to accommodate on the line, unless suitable adjustments are made at




precélerice diagram must be devel‘o‘pé&._ For instance precégégiéé diégrams for a two
product case are shown in Figure VII. For a cycle time of .10 the.optimum solution

is shown in Pigure VIIL. Notice that the line efficiencies are 73% and 100% for

products 1 2Hd2 respectively. A omputer assisted approagch.for multi-product

Stochastic Liff¢ Balancing is desttibed by Bedworth and Bailey. . . .

Loss of efficiency over single pro ict line but gain in equipment effec.1veness is the

féade off that must be evaluated It the, mixed product line balance. - - :
Vigure VIi: Precedence Diagrams for a Two Product Line (2) Product 1, (b) Product 2. (c) Combined

DLylruﬁ‘on
N
WOcpk /®

Element

th)

i '_ Figure VIIL: Work Station Assignment for the Two Produet Assembly Line
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.. Group teéhnology:‘.A‘»mal'}ufacturing philosophy in which similar parts are identified

and grouped togetiter to take advantage of their similarities in design and

- .manufacture.

- Job shop: A manufacturing system in which similar machines and equipment are

clubbed in ‘departments and eack:job. handled takes its own route. (Generally used
for low production volumes with: great product variety.)

Line balancing: The problem of assigninig tasks to work stations in an assembly line

in.a way that the task times for ail stations are equalised as far as possible.

Line efficienty: The ratio of the actual working time at all stations of an assembly
line to the total allocated time at all stations.

Mass produstion: A manufacturing systém based on intéreRarngeable parts and the

concept of the division of labour to praduce ‘generally.ldrge:quantitiés-of a: product
through successive operations/assemblies carried out at ‘d-sequence of work: stations
in an assembly line. '

Modular production: The principle employed v ¥ular production is to design,
develop and produce the minimum pumber of partedor operations (called ‘modules’)

Precedence diagram: A diagram showing the elenterital tasks and the order in which
they may be performed. This specifies the technological and other rutrictions that
must be respected while designing gn assembly line,

Production system: A means by which inputs (1ike men, machines; materials, money,
information and energy) are transformed into useful goods or services.

Project: A typigal production system where production is irifrcquent_ (often, only
once) characterised by a number of related jobs to be done with precedence

. restrictions.

10,A

Smoothness index: The square root of the sum of squares of idle time at all work )

stations in an assembly line. This is an index to indicate the relative smoothness of a
given assembly line balance.

Station time:’_The sum of the element times of all tasks allotted to a work station in
an assembly line. ’

Work .elemen.t; The smallest portion of work identified during the work breakdown
analysis of a job. It is uneconomical or technologically absurd to further subdivide
the work elements, in designing an assembly line.

Work. sta_tion: A place or stage in an assembly line where designated work (a
combination of work elements) is pérformed on the part or components of the
product, o : '

9.12 SELF-ASSESSMENT EXERCISES

1 What are the key elements of mass manufacture?

2 Draw:a precedence diagram for changing a car tyre. Discuss the way in which
this job could be done-with a flow shop configuration. Suggest a possible
division of labour that would produce a reasonable line balance.

3 Design an assembly Yine for a cycte time of 10 minutes for the following 10 work
elements




Elements ; ' l 2 3 4 5 6 7 8 9 10

Immediate

Predecessors : — 1 1 2.3 4 4 6 s 718
Duration in minutes 5 10 5 2 7 S 10 2

Use :

a) Kilbridge and Wester method
b) Helgeson and Birnie method

Calculate the line cfficiency, balance delay and smcothness‘ index in both cal%és.
4 Repeat problem 3 for a cycle time of 12 minutes.
5 Why do we use buffers between stations'in assembly lines?

What would be, the-implications of
a) too large.a buffer? oo C
b) too small & buffer? C

Suggest a method iéy which the optxm‘a}\l'r‘{t‘)‘ti‘fvf,é‘r qﬁa’mitics could be found out.

6 An assembly line is relatively inflexible: Explain how by using the notion of
modular production or group technology. flexibility can be attained in a flow
shop configuration. g : ‘

7 Consider the following situation:

A toy manufacturer‘i‘mévn'ds to ‘make 10,000 pieces per year in the 2000 hours of
regular time each year. He has identified 16 work elements with the following
precedence restrictions and durations. :

Element 23 4 5 6 7 8 9 10 Il 12 13 14 15 16

Immediate
Predecessors —_ 1 215 3 4 512 616 1 8§ 9 1014 11 8 13 1 5
Standard

times (hrs./pc) .14 o1 .13 12 .01 .10 07 06 .17 .47 20 .17 .03 .09 .20 .05

a) Draw a precedence diagram for the assembly of toys

b) Design an assembly line suitable for the toy manufacturer

¢) Computer the line efficiency, balance delay and smoothness index for your design in
(b) above.
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9.8 MODULAR PRODUCTION AND GROUP
TECHNOLOGY ~ '

One criticism of manually operated assembly lines has been that they ‘reduce,a man

" to a merc cog in a machine. Surely you can imagine the boredom, monatony and

tatigue of 2. man who spends all his time tightening the same bolt on a part in an
assembly line. It has been found valpable tp_enlarge the scope of work of the worker
s¢ that he assembles a complete ‘module’, which in turn may be used on an assembly
linc to assemble a product or a number of different produeis sharing that particular
module. This job enrichment results in greater job satisfaction Yor.ths operator by
reducing the monotony of the job and giving the operator a sense of accomplishment
for assembling a complete module. ‘lr'l‘mod‘u"k::'r‘%(;gqction‘we tend to specialise in
the production of particular parts or activitics Yhat 'can then be included as
components of more.than one product cr servigexsfhe rcaZ&n for wanting to achieve
suth commonality is that one part or operation, if used in sdveral products or
services, can accumulate sufficient demand volume to warrant investment in a flow
shop. T

~Group technology provides another aspect of the same basic idea, It refers to
specialisation in families of similar parts. Hence components requiring primarily
turning operations, such as shafts, are collected in one group, while components
requiring surface grinding and drilling operations, such as plates are assigned to a_
different group. These groups become the basis on which a traditional process plant
layout can be reorganised into a group technology plant layout in which machines
are arranged in such a way that each machine is assigned to the production of only
one group of parts. Group technology typically affects only component manufacture,
not the assembly stage of production. '

. ! \ 7“‘.
For illustrative example of assembly lines using modular productién and group
technology refer to Salvendy.

9.9 AUTOMATION AND ROBOTICS - . — %

Mass production has been assisted to a large extent by automation and robotics in

the recent past. Automation refers. generally to the bringing together of three basic -
building blocks: machine tools, material handling and controls. Often a considerable
amount of time is spent to load, machine and unload work and to convey it between

the single operation machines. This restriction has been partly relieved by the
development of the multiple spindle machine. With this machine, a single motor
driving several spindles through a gear train allows multiple opérations to be
performed by one machine. Machining time cycle does not change, but more
machining operations can be performed within each cycle. And several machining

operations can be performed on one machine by a single operator.

Automatic work piece indexing and transfer of work pieces from station to station
has made it possible for one operator to control the work performed at several
machining stations. Also the operator is able to load and unload at the loi:d station
‘while machining was going on.
Another trend with automation has been the use of industrial robots to perform
some of the functions that were earlier done by manual operators.
]

/




An ‘industrial robot’, as defined by the Robot Institute of America, is a
programmable, multi-function manipulator designed to move material, parts, tools or
specialised devices through variable programmed motions for the performance of a
variety of tasks. What separates an industrial robot from other types of automation
is the fact that it can be reprogrammed for different applications; hence a robot falls
under the heading of “flexible automation’, as opposed to ‘hard’ or dedicated
automation. ' '

Industrial robots comprise three basic components:

| The manipulator (or arm), which is a series of mechanical linkages and joihis
capable of movement in various directions to perform the work task.

2 The controller, which actually directs the movements and operations pertormed
by the manipulator. The controller may be an integral part of the manipulator
or may be housed in a separate cabinet.’. . ‘

3 The power source, which provides energy to theé actuators on the arm. The
power source may be eectrival, hydraulic, or.pneumatic.

Major reasons for use of robots in industry are increased productivity, adaptability,

safety, ease of training, return on investment and greater reliability. Robots are

currently in operation in welding and assembly, drilling and routing, inspection,

material handling, machine loading, diéf(i_ﬁétfl{l\g and ‘a variety of other applications.
KR .

9.10 SUMMARY_

In this unit we have presented the concept of mass production which essentially
involves the assembly of identical (or inter-changeable) parts of components into the
final product in stages at various work stations. The relative advantages and

disadvantages of mass or flow production are discussed and conditions favouring the
installation of such a system are identified.

How to design an assembly line starting from the work breakdown structure to the

final grouping of tasks at work stations is also discussed using two commonly used
procedures——thc Kilbridge-Wester heuristic approach and the Helgeson-Birnie
approach. Various problems with assembly lines including variable work element
times, breakdowns at work stations and multi-product line are discussed.

The concepts of modular production and group technology are introduced to
indicate how flexibility can be introduced in mass or flow manufacture. Finally, the

role of automation and the use of industrial robots in mass production has been
discussed.

———————

_ ____:/______1—_—::.—-———-/’”
9.11 KEY WORDS

" Assembly line: A sequence of work stations where parts or components of a product
are progressively worked on to produce the finished product.

Balance delay: The total idle time of all stations as a percentage of total available

working time of all stations in an assembly line.
. . /
Cycle time: The time after which a finished product comes off the assembly line. It/

would equal the time of the bottleneck operation of the maximum station time.

Fabrication line: A production line made up of machining or other operations rather
than assembly of components or parts.

Flow shop: A manufacturing system in which machines and other facil'\.ties are
arranged on the basis of product flow (generally used for large production volumes
and less product variety).




UNIT 10 PLANNING AND CONTROL

FOR BATCH PRODUCTION |

Objectives
After completion of this unit, y._{)u should be able to:

® understand the nature of batch production and the circumstances under which it

. is‘used e o . o
® appreciate that batch size determination, sequencing and scheduling are the major
problems in batch production- NEERTERE

¢ determine the optimum batch sizes for single and ‘multi-product case produced on
a single machine '

® appreciate the problems of aggregate production planning and master schedule
determination RRCORE e .

® get an idea of material rcquifemcn‘ig;ﬁffﬁﬁing and its function in an organisation

<

oge  * . . RYLArS %) . . .
® become familiar with the line of b'alance as a valuable tool for monitoring and
control in batch production

® become aware of new developments like Kanban and Flexible Manufacturing
Systems. .

Structure

"10.1 Introduction
10.2  Features of Batch Production

. 10.3 How to Determine the Optimum Batch Size
10.4  Aggregate Production Planning

10.5 Material Requirements Planning ‘
10.6 The Line of Balance (LOB) for Production Control and Monitoring
10.7 -Problems and Prospects. of Batch Production C

10.8 Summary . \
10.9 Key Words . \
10.10- Self-assessment Exercises \

10.11 Further Readings

10.1 INTROD UCTION

When a variety of products is to be made and the volumes of production are not
large enough to Justify a separate line for each product, production in batches is
often resorted to. Batch production implies that general purpose machines are
utilised for the production of different products. Material flow tends to be more
complex in such systems than in mass production systems, %

The layout plan for such systems has to be carefully designed keeping in mind the
diversity of products and their individual flow patterns and production volumes.

Naturally, in such systems the production times are larger as compared. to those in
mass production. Batch production is distinguished from the Job Shop as follows:

In batch production a continuous demand for certain products exists, but because
the rate of production exceeds the rate of demand, there is a need to produce
products in batches. The scheduling problem here is concerned with determining
the batch sizes for products and the order in which they should be produced.




rders has to be processed on Acommon_ facn!xtxcs or
ng its own unique specifications and requirements
gle-item of a.batch of
the sequence:

In job production 2 stream of 0

) job havi ‘
yoduction centres, each job | ‘ e specilic
‘:n terms of production resources. A job may c.:ons‘ls,t of vaﬁsmzth o
\dentical itgms The scheduling prohlem here 1s coqcerqed with setting
eplt e, L . Z-rnarcad at each nroductiohn centre

i wansus provicins in patch production we shall.'in this 'unit, ‘addfe'sé ourselves
ot L. Ee e (A

o the problem of determining optimal batch sizes ™ S

» aggregate production planning X R PR

o disaggregation of the aggregate plan to determine the master production schedule

e material requirements planning to achieve a given master production schedule

» the problem of production' ¢ontrol using the'line of balance (LOB) in batch

production '
e some recent GQneepts in batch and Discrete Parts Systems.

102 FEATURES OF BATCH PRODUCTION

)

Unlike mass production systems which tend to be organised as product layouts with
machines or equipment arranged according to the product flow, batch production
normally is done employing a process layout. Here similar machines or equipment
are grouped in departments and different jobs will follow their own route depending
on requirements. Apart from the greater flexibility afforded by process layouts as
compared to product layouts some of the advantages and disadvantages of process
layouts are summarised below:

Advantages:
i) Better utilisation of machines is possible; consequently, fewer machines are
required.

ii) A high degree of flexibility exists vis-a-vis equipment or manpower allocation for
specific tasks.

ii) Comparatively low investment in machines is needed.

iv) There is generally greater job satisfaction for the operator owing to the diversity
of jobs handled.

v) Specialised supervision is possible.

Disadvantages:

i) Since longer and irregular flow lines result. material handling is more expensive.
ii) Production planning and control systems are more involved.

iii) Total production time is usually longer.

iv) Comparatively large amounts of in-process inventory resuit.

v) Space and capital are tied up by work in process.

vi) Because of the diversity of job in specialised departments, higher grades of skill
are required. : :

In addition to these features which are characteristic of the layout generally adopted
in batch production, questions like “what should be the size of the batch?” or “how
should various batches be sequenced?” arise typically. Although such decisions may
be made in practice.either in an adhoc manner or by using certain rules of thumb
derived from past experience, we demonstrate below a more rational outlook to

arrive at the ‘optimal” decisions pertaining to batch size.’
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103 g&g TO DETERMINE THE OPTIMUM BATCH

Single Prdﬂu‘ct ‘Ca‘sé :

wuseonaderanmmfortheprodmnofasmgleprodueto&tmachmeunder
thefonmngsetofasumpnom. ,

® thereis aconunuous demand for the product at rate D units per year
] pmducnonrateforthepwduetul’umuyetym(P >D)

° sctupoostperbntchofﬂzcolsﬁxedatA(mdepcndenton)

° unuvariableoostofpmdumomsterm

Ilgun I: Single I’mducl Model with Constant Demand Rate and no Shorugu

Inventory
level
Imgx b Fall uf.
rate D
~—T Rise
at rate
> P-0
4 Tp ¢ Time
Cycle T

L] idvemory carrying cost per unit per year (Rs./unit/year) = h = i Cwhere i is the
annual inventory carrying cost rate
‘® no shortages are allowed. g

Figure I shows the change in inventory level within a cycle T. When production starts
at pomt a, the inventory level will increase at a rate P-D (can you see why?) until the
maximum is attained at point b. The inventory level will decrease at a rate D during
the rest of the cycle tnll point c is reached at which a new batch of size Q is initiated.
and a similar cycie ensues. .

" Itis easy to see from Figure I that

Time to pr(:)dl'l.CC_‘alOl.Q = T;, = Q/P L (10.1)
Maximum ‘ihvehtory level = Imax = T, (P-D)
' ' ' = Q/P(P-D)

.= Q(I--D/P) ... (10.2)

The total cost is built up ¢ of two conflicting components—the set up cost (which
favours large batch sizesy and the inventory holding cost (which favours small batch
sizes). Our approach therefore, is to develop an expression for the total annual cost
in terms of the decision variable (which is the batch size Q in this case) and then to
mathematncally determme the opumum

This can be done as follows!
The average cost per'cycle of length T is the sum of the set up cost, item variable cost
and the carrying cost ‘ '

3
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= A+CQ+hTI ... (103
where L is the average inventory over the cycle T. T ‘. 7
“The average inventory I over the cycle T may be determined from Flgure ,I‘ ag thé érea
of the triangle abc divided by T B ‘
T Imax -
T

. i
i .

= 1/, x Q (I- D/ P)(utilising equation 10.2) L L (10.4)

]=|/2

The total annual ¢ost TC(Q), is obtained by multiplying cquation (10.3) by tﬁc :
number of orders.per year:: D/_Q.‘ By subs_t’i_!'iliting h=i(;, we obtain .

CLa01E9h OWT 9 U0 L
fo
: AD . o
TC (Q) = o tep+icl L (10.5)
- S 91K
Figure 11: g1rs1H] ﬂﬁ}ﬁ'q"ul Cost as 2 Function of Rateh Size

. Annual cost
“of set ups = AD/Q

Total cost TC{Q)

Gy A
(k>1) kTCmin F\%v N--~ - == = === — — 7/
TCminf— ‘ : : .
+Annual holding
P ;C°S'=lzﬂm-g)o

]
Annual item

1' cqsf =CD
ak Q* Batch size Q a,k
Substituting for I utilising equation. (10.4)
AD icC |
TC(Q) = —+ CD + — Q- D/P) ... (10.6)
Q 2 e
d TC.(Q) ‘
—d—Q——— = 0 yields the optimal batch size Q* as

2 AD ‘} ' .
Q* =‘\/~—'—~——~— - . (10.7)
i C (1-D/P)

The total annual cost (equation 10.6) is plotted in Figure 1.

The optimum batch size Q* determined from the above equation 10.7 may have to bc
modified in practice to suit procurement, storage or machine capacity constraints
which have been ignored in the above model. Figure Il illustrates how a range of batch
sizes (from Q¥, to Q¥,) may be determined so that the total annual cost does not
-exceed a certain specified cost level (say k times the minimum cost TCpi k> 1). Also
notice that because of the relatively steep nature of the total cost function to the left of
the optimum Q*, as compared to the right, Q¥, is closer to Q* than Q,.




Activity A :
Determine the optimum batch size for an‘item produced on a manufacturing facility.with
the following data. :
* Consumption rate : 500 items/month
Production rate : 1500 items/months
Storage costs : Rs. 100 per unit per year
Setup charges per batch : Rs.2000
Interest charges : Rs. 50 per unit per year, :
What is the berakup o annual item cost, setup cost and holding cost at the
optimum? ’

Activity B L :
Extend the model discussed above to include the case whep, shortages are allowed.

after which is it satisfied. Notice that in this situation ther are two decision variables -
the batch size and the maximum backorder level.

Multi-product Case b
We shall consider a situation where n items are manufactured on a single machine,
with the restriction that there is a common cygle time, T for all the items. The n
batches are thus phased within the common cycle. Assuming no shortages, the total
annual cost for this multi-item case.can be estimated as the sum of the total annual

cost or each 1tem independently. Extending the model for the single product case by

including a subscript j for the jthproduct (j=1,2....... n) we have for the total annual
cost (analogous to TC(Q) in eqn. 10.6): .

i
i

AD, iCQ .
it E = (1-DyR))  ...(108)

TOQi, Qs .. Q) = 3, (CD; +

i=1

i

:As seen from Figure I11 a feasible schedule can be generated with a common cycle T,
if the time for production of all batches does not exceed the common cycle time. In the
absence of set up time for a lot this is equivalent to:

Tp+Tpa+ o+ Ty < T .. (10.9)

Figure 111: Production of Multiale Batches on a Single Machine with a Common Cycle

Invénfory

N

’-.—-—-——a-, 00000 ) Time

Since the time required to produce the batch of jth product =.TP,' = Qy/P; and because
T = Qy/D;, condition 10.9 may be expressed as: '




Dl D2 Dn ) '
T o + <1 . ... (10.10)
[)1 P'\ Pn : '

<

Fquation 10.10 may be interpreted as a resource feasibility check to determine if all n
items can be scheduled on a single machine. In case the left hand side of eqn. 10.10
exceeds one and equals say 2.4 in a particular casc. it indicates that 3 (the integer just
exceeding 2.4) is the minimum number of machines nceded for scheduling all items
under the assumption of a common cycle time. :

We can convert the annual total cost expression of egn. (10.8) into the following by '
using Q;=TD; X

fC(T N A 1 Gy D, v o
)= 24 Dy oot TR ra- 5= L0

)=t .
By means-of the assumption of a common cycle time we have in caect only one
decision variable (T). :
. o d e , o
The optimum T* can be found by putting CEa— = (), which yields

o=/ (22/\0/ (iHEC; D, (1-DyP)) | : (‘1().12)

j=1 =1

Or.ce T* is obtained the optimum batch sizes Q*;, Q*,, .... Q,* can easily by found
cut by using Q;* = T*Dy, j = 1,.....n.
Example 1 , S .

A company is concerned with the production of four products on the same equipment.
The relevant data is shown in Table 1.

a) Determine the lot sizes of the products individually

b) What would be the difficulty in scheduing the above “optimum ™ ot sizes on the

machine? (2]
¢) Under the assumption of a common cycle time, determine the lot sizes.
Tuble 1
Relevant data for four-product production on 2 single machine
}m—mu-«_ Dcm::nd ﬁrutc Production Tate Inventory Cost Set up
(units/year) (units/year) Rs./unit/year cost (Rs.)
i D, P, i C A
1 156() ‘ 12,000 Rs. 50.00 Rs. 90
2 1134 5,000 Rs. 108.00 Rs. 210
3 2016 6,667 Rs. 7500 Rs. 165
4 2716 8,000 Rs. 67.50 Rs. 135

Assume that there are 240 working days in a year.

Solution

a) Under this condition the individual lot sizes may be determined by using eqn. 10.7,
that i




Q7= ' 2A, D,
i C, (1I-D/P))

The results are summarised in Table 2.

P ]

. . Table 2 '
- Individual Economic Lot Sizes for the four Products
Product Economic © Production days Cycle time T;*
g lot size per lot in days
j QY - (Q*/P) = (Q*/D)
1 © 8.6 1.57 126
2 75.5 o 3.62 15.9.
3 112.8 i ; 4.06 R 13.4
4 128.3 3.85 BRI § 0
Total - B 13.10
- e a3 ;

b)

A look at Table 2 indicates that scheduling tﬁé"’fgﬁ’r"‘products on the machine in
sequence would take a minimum of 13.10 days (the total of the production days for
all the lots). Note that an economic lot of preduct 4 will last only 11.3 days whereas
a lot of product 2 will last 15.9 days. Thus there would be uncontrollable shortages
and surplus with this scheme of scheduling. R

This difficulty is overcome when we consider a common cycle time for all the
products.

Under the common cycle category we obtain the solution by using cqn. 10.12.
Computations are sithplified if we tabulate the numerator and denominator terms
needed under the radical sign on the right hand side in eqn. 10.12. This is shown in
Table 3. The common cycle equals 0.0557 year (=0.0557 x 240=13.37 working
days) out of which 13.26 days are utilised for the production of the four product
lots as indicated in Table 3.

Table 3
Results under a common of cycle policy
Prod}lct Set up cost (1- DyP) iCD;(1-D/P) Q* =T’ D; Production days
] Aj : per lot
@*/F)
1 9 0.8750 65,625.00 84 : 1.68 -
2 210 0.7732 94.695.40 63 3.02
3 165 0.6976 105,477.10 112 4.03
4 135 0.6605 121,089.50 151 4.53
Total : 600 386,887.00 13.26

You could also check that the feasibility condition of et 1.0 s ln et satisfied

D, D, D, D,
( + + +
Pl P" P3 P4

=(.1250+0.2268 +0.3024 +0.3395 = 0.9937 < 1).

e




Activity C

In the multi-product batch size determination under a common cycle we assumed that
there was no time required to set up a batch. Think of the consequences in the following

two cases: ‘ -

a) If there were set up times but these were independent of the sequence of production.

b) If there were set up times which were dejpendent on the sequence of productidn.
You may like to consult some of the feferences given at the end (especially 4,5).

10.4 AGGREGATE PRODUCTION PLANNING

The Purpose

Customer demand enters the production system as units of products. Aggregatc
production planning is concerned with developing the work force and machine time
allocation to meet a giwén'démiand schedule ovér the planning horizon (generally the
next 3 to 6 hofths). The purpose of this exercise is to produce an ‘aggregate’ plan in
terms of the ‘ovérall production of all products combined such as production in tons
of steel or litres of paint which wodld thate td'be ‘disaggregated’ to yield individual
product schedules. : 10 i

RO L

When planning work force and related activities to conform to a given demand
schedule, it is necessary to balance the cost of building and holding inventory against
the cost of adjusting activity levels to fluctuations in demand. Figure 1V shows a
hypothetical cumulative demand pattern and two alternative production strategies.

Alternative-1 uses a constant work force level (i.e. constant production output
rate). Since the production rate is greater than the expected demand rate in the
earlicr production periods, cumulative production will exceed cumulative demand
resulting in a significant inventory carrying cost. Conversely significant shortage
cost may result when the cumulative demand exceeds the cumulative production.
Alternative-2 is a strategy to produce as per demand so that the inventory
_carrying costs are minimiscd. This alternative requires constantly adjusting the
work force levels or paying significant overtime cost during the high demand
periods.

These are two cxtreme alternatives. The optimal alternative is the one that minimises
the total cost of the inventory and the cost of adjusting the work force level. The

Figure 1V: Two Alternative Production Schedules for Meeting Demand *

Cumulative
demand
Cumulativ Alternative 1
dgg‘\\rjl:r" ) Alternative 2

Time
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primary output.of the aggregate planning process is a master schedule. which

describes the number of units to be produced during each period and the work force _

levels required by period.

A Brief Review of Approaches - o e

- Perhaps the simplest approach to aggregate production planning is graphical in-
which the cumulative demand is plotted al shown in Figure IV and alternative . .«
production plans (shown as dotted lines) are compared in terms of their costs and
the most economical one is adopted: This approach suffers from the drawback that it
chooses the best plan from the ones considered and not from ‘all’ possible plars
which in fact could be infinitely large and difficult fo conceive.

| i MVTOO0GY ol [

. The above limitation is to some, extent taken care of.ingmathsmatical o ptimisation
models. The approach for finding the optimal alternative, (master schedulg @nd:work
force level) in such a case is to develop a total cost function which contaips the , ..
major cost components of the production facility, {[pigsost function is to be
minimised while subject to constraints. The linearity or non-linearity of the cost
function and constraints determines the solution approach to the problem.
Multi-period production planning models can be treated as network flow problems
and solved by special procedures (See for instance, Johnson and Montgomery).

¢ i L . '
Other methods for dealing with the aggregate production planning problem could be
heuristic rules or computer search procedures. A review of approaches to aggregate
production planning may be found in Buffa, Eilon, Elsayed and Boucher.

Example 2 (adopted from Elsayed and Boucher) :

A chemcial plant manufactures two types of products A and B with either regular
production time or through planned overtime. Products use the same ‘equipment and
are scheduled into production one at a time. Demand over the next 4 months is 100,
90, 110 and 100 units for product A and 200, 190, 210 and 200 units for product B.

The initial inventory levels are 36 units of A and 220 units of B. It takes | plant
hour to produce a unit of product A and 0.40 plant hour to produce a unit of
product B.

Associated production costs are:
Cost of regular production, Cr
Cost of overtime production, Co
Inventory carrying cost charge, Ci

Rs. 100/ plant-hour
Rs. 150/ plant-hour
Rs. 40/plant-hour/ month

Production capacities for regular time and overtime are-

Regul.ar time : = 160 plant-hours/month
Overtime - "~ 40 plant-hours/month

Determine the aggregate production plan in“terms of plant hours for these products,
such that the total production and inventory costs are minimised. The management
desires a planned final inventory target of 80 plant hours. )

Solution , . . ' h '
- Fhis problem can be structured as a transportation problem with unit costs as shown

in Table 4. Plant hours of demand are computed from the demand data and '
plant-hours conversion factors. For example, in period | the demand of 100 units of
product A and 200 units of product B is equivalent to (IOOxl+200x0.4)=180_
plant-hours of aggregate demand. Similar method can be used for other periods.
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Table 4 . v
Transportation. cost matrix for Example 2.

.

Produciion Period of-Demand =~ _Final - Capacity ..
period 1 2 ! 3 4 Inveéntory . (Plant-hours):
Period-1 i o ‘
Initial Inventory 0 R o 2G o 3G . 4C, 124
Regular time Cr Cr+C; . Cr+2C; Cgr+3C; = CrtidC 160
Ovemine Co Co* C| FY Co + 2C] . CO + 3C| Co + 4C| 40
Period-2 ‘ ; ] -

Regqlar time —_ CR . Cn + Cl i CR + 2C| CR + 3C| 160
Overtime - - Co - ' Co+C  Co+2C; To+3G 40
Period-3 B o ‘
Re"gn(ﬂar time and - CR CR + C[ Cg_"“ 2C| . lw
Overtime — —_ Co Co+C ... Cot2G 40
Period-4 o R )

Regular time . — - _ Cr . Cr¥*C 160
Overli.‘mﬁi’k' e B —_ - : —.-‘ g ) ‘ CO ) - ;CQ * Cl . 40
Demand. - 1804 166 - 1947 - 180 -

(plant-houss)

A planned final inventory of 0 éla'gt-hogxrs is considered a desirabte target by
management, which still leavea’ 124 blantshours surplus dver the 4:manth planning
horizon. : ! e T T

The solution to this very special transportation problem (with no entries below the
main diagonat) can be obtained very simply by proceeding-to fill the demands of
periods 1, 2.....in order by the cheapest available sourees. Applied to'the
example-problem yields the solution shown in Table 5. ' :

Table § .
Solution for Example 2 =~ - -
Production Period Deman . 1 Final Unwilisod Capacity
source Inventory Capecity | | (Plant
1 2 3 4 o : .| ‘hours)

Period-1 ) [__o (] Leo] 1120 [180 4 1o} »
Initial Inventory . i | ] 124
Regular time Go®| [olm] [ Te} [0} FepBel pled | w

" Over time lm [190] I [230] . [27] 3104 fap L_()___ ) 0

= e, RRR L.
Period-2 ' 10 [140] Liso] [220] Lol ]
R : @ : ; 160
cgular time :
N ST I_l [ -

Overtime E ) l_“ﬂ N ‘_’.@_ i 1_232 L??p_ @ " | " 40
Period-3 ‘ ‘ 160
Regular time
Overtime 40
Period-4
Regular time 160
Overtime 0
Demand (plant hours) 180 166 .94




Disageregation to a Master Schedule

The production facility considered in example 2 is a chemical plant which_is shared
byproducts A and B. Simultaneous production is not possible. Therefore, we should
planThe production of each product by alternating the use of the facility between
produc;s. A disaggregation- of example 2 requires the determination of the batch size
of products A and B that will be produced each time a change-over occurs.

The necessity and desirability of disaggregation is situatipn dependent. In situations -
Where fraduct demand estimates are likely to differ froanal values, plant
management may proceed to-set hiring policies based on aggregate plant hour
production requirement, with the assumption that forecast errors for individual
products will be offsct in the aggregate. ’

. N

In gituations where demand estimates are precise it is*feasonable to consider a
comp!ets disaggregation of their production plan.to the-individual product level.
When such disaggregation is done, the resulting output is-callod'as master.schedule, a
schedule of the time bound completion of production.

let us assume that in Example 2 the demand forecast by product is'reasonably
precise and ‘we wish to disaggregate the plan. The.aggregate solution has minimised
" .two costs the production cost and the inventory.carrying cost. Given the solution the
“only remaining cost to be considered is the set upscost incurred each time production
is switched between products. With only two. products-to be considered, a simple
_approach to minimising set up cost is to minimise-the total number of set ups
. scheduled over the planning horizon. One way to achieve this and.thys obtain a
* ‘disaggregated master schedule is ta simulate production runs using-the following
simple decision rule.
Set up and produce one product until the other product’s inventary runs out. ‘At
that time set up the second product and run it until the first product’s inventory
runs out. .

Application of this procedure to Example 2 yields the Master schedule shown in
Figure V.

It should be clear that the simple rule above would not work for the general case
with greater than two products. Procedures for disaggregation in such cases may be
found in Elsayed and Boucher. ‘ ‘

10.5 MATERIAL REQU,IREMENTS PLANNINC

Overview and Problem Definition

By using the methods of aggregate production planning and subsequent
disaggregation we can determine the weckly master schedule for end-products. The
requirements of sub-assemblies, components, and raw stock items relatéd to those
end-products can be simply derived from the end-product demands. The
manufacturing routing sheets and product bills of materials déscribe the
departmental routings and production times to manufacture the sub-assemblies and
components. Using these data bases in conjunction with a schedule of end-product
requirements, it is possible to compute the timing of production for each component
to meet the given end-product schedule. This, in effect, is the abjective of a Material
Requirements Planning (MRP) system. Thus, given a master schedule of end (or
final) prodyct, MRP computes the timing of all the sub-assembly, component and
raw material production and purchasing activities required over the specified
production horizon to meet the master schedule of the end-product. Moreover, it
does so in such a way as to attempt to minimise work-in-process inventory.

Owing to the large amounts of data storage (a typical batch production facility may
purchase/produce 20,000 to 100,000 components) retrieval and computational

(47 14y requirements practical MR P-Systems have to be computerised.




Parts Expldsion Requirements

From the master schedule of end-product production the r

referred to as ‘parts explosion’.

Figure V: Disaggregated Plan and the Resulting Master Schedule for Exdmple 2
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Figure VI: Product Structure for two End Pro
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e requirements for purchased
and manufactured components and sub-assemblies must ‘be determined. This is

ducts



(1tB)

Four subassemblies ( A,:B,C, D)
Three parts (X;Y,Z)

Suppose there yre 2 end-produds (I and 2) which are assembled from four
sub-assemblies (A, B, C, D) and three parts (X, Y, Z)as shown in Figure V1. The
numbers in parenthes@s indicate the quantity of an ifem required, otherwise, the

quantity is |. .
. .

We can easily determine the level of an item a8 follows: Treating the end items at
level 0. sub-assemblies A and D are plaeed at level I since they aré directly used for
the assembly of level 0 and items | qnd D and are not used at other higher levels.
Notice that C, B and Z cannot be placed at level 1 since they are rcquired as inputs
for assembly of D, A and B, respectively. Similarly, level 2 consists of B: level 3
consists of C and Z, and, finally, level 4 consists of X and Y. Pased on this level
struerure the “Bill of Materials Matrix™ is shown in Table 6. The rows of this matrix
arc the *how constructed files’ and the columns are the ‘how used files’. For instance,
the row corresponding to end-product 2 shows that each unit of this product
requires 1 unit each of sub-assemblies 1D and B and 3 units of the part Z. The
column for C shows that C is used in production of end-product | and
sub-assemblies D and B in requirements of I, 1 and 2 respectively.

Table 6
Bill of Materials Matrix
. £nd-Product Sub-assemblies . - Parts (Components)

Level Item ] -2 A D . B . C . Z X Y
0 1 2 1 ’

2 1 1 3
[ A 1 A 2

D 2 1
2 B 2 1
3 C 1 3

z
4 X

Y

\ 4 .
Now if we need to find out the sub-assemblies and components needed for making
20 units of end-product | the information that is immediately available from the bill
of materials matrix is that 40 units of A and 20 units of C are needed (since from




row | we see tnat 1 unit ot end-proauct | requires 2 umits of sub-assembly A and 1
'umt of sub-asscmb!y C). This is only the primary or direct dependent demand. Each
'of the A and C units would need their components and so on. This is shown

| schematically in Figure V11 where the total requirements of all'sub-assemblies and
components of end-item 1 are derived. By doing a similar-exércise for all the items
we can compute total requirements matrix in which a particular row ‘corresponds to

the total requirements of that particular jtem. The total requirements matrix R for the

two Products example considered earlier is shown in Table 7. Notice. that the first
row is the total requlrements for end-product | as derived in Figure VII. The total
requirements matrix has Is on the main diagonal. :

Figure VII: Computing Total Requirements for End [tem 1

end item 1

/N /N
B(2x1]  xi(2x2)  X{(1x1) Y (1x3)
'_Totul requirement for end item 1
C(2x2) Z(2x1) vl 2alolBlc ]z x|y,
/\ / deml 1 1 | -2 |- |25 12{9]15

X(4x1) Y (Lx3)

A (2) cuy
1

Table 7,
Total Requirements Matrix, R

1 2 A D

1 1

1.

0Y IO 'O 00 (N3 -}
— o= len o N

N Y (7Y R R} V) (@)

X INIO@ O[>

It is this matrix that is used to compute the total production requirements for any
given demand. For instance, if at any point of time the demand of items (1, 2,A, D,
B,C Z X, Y)is (20. 30, 0, 10,0, 5.0, 0.0 ) the total requirements can be found by
multiplying row 1 of the total requirements matrix R by 20, row 2 by 30, row 4 by 10,
row 6 by 5 and summing up, the columns. This yields the total production vector:

(20, 30, 40, 150, 365, 240, 445, 1095)

This would be the basic information of how many of which components/
sub-assemblies to have in order to meet the end item demands. However, this
information has to be properly dovetailed with current inventory status, production
Jead times and the end-item demand schedule (or the master schedule) to be able to.
g aerate information on which components sub-assemblies should be produced in a
given period. This is essentially what an MRP system does.

MRP System in Practice

The major advantage of the MRP approach is its ability to plan discrete parts




[P

production_fb_r,athry "c,omplig_)'( production system. MRP simply tries 1o schedule all
the activities required to meet a given master schedule, while holding down work'in
_process inventory. . .. .. A ,

Mqhy'p'ommeréiérily available MRP software packages provide a number of
ihformati\‘lé]‘?:rgg'o;ts as shown'in Figure VIIL. SR S

Figure VIII: Typical Structure of an MRP Based Planning System
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The major inputs to the system are: .
i) the master production schedule specifying what to produce and when ‘
ii) the product structure data including bill of materials, routing files with
manufacturing/procurement lead times.
iii) the inventory status file for raw material work in process; and finished goods.

Among the outputs from the package, the ‘gross and net requirements report’
indicates the timing of order releases required to meet the master schedule.

The ‘capacity versus load report’ determines whether resoureges required by the work
centres are available to produce these orders." i his is useful in planning -
overtime/sub-contracting.

The ‘shop floor planning report’ is a listing of jobs by due date where the due date
indicates when macninimg at that department should be completed in order to meet
the schedule indicated by the gross and net requirements report. The shop floor

supervisor will then release jobs to machines taking into consideration the hours of

machining required and the due dates for the items,

A typical commercial system provides additional information in-the form of
‘Exceptions reports’ indicating jobs to be expedited or de-expedited as a ‘consequence
of delays in production of components. De-expediting holds down work in process
inventory. '

In fact an MRP system has to be tailor made to the needs of the organisation,
though most of the above features alongwith any special requirements are generally
provided for, :
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0.6 THE LINE OF BALANCE (LOB)FOR PRODUCTION

CONTROL AND MONITORING =

The line. of balance (LOB) is a production control technique suitable for batch
production. This technique is used where there is splitting of batches to study the
progress of jobs at regular intervals, to compare progress on each opgration with the.
progré\s;-mecessary to satisfy the eventual'delivery requirements andto identify those
operations on which progress is unsatisfactory.

£

The four_‘_gta(g‘egf_t}}‘vﬁilﬂygq »in:"thg musé of the technique are:

i) __thainjg_gthé N‘d»elivery schedule’ for the product as shown, for example, in
Table 8. K o oo

ii) Constructing the “o’peratio“}'\ programmec’ to depict the lead times. of
: intermediate operations shown 0§ a chart similar to Figure IX. In this chart, =~
for example, items A and B7are assembled (operation 4) 13 days before the
final product and this assembly after additional operations is assembled to item C
‘operation 14) 2 days before the final product is ready.

Table 8
Delivery Requirements
Week No. Delivery of finished items Cumulative delivery
required .

0 0 0

1 12 12
2 14 o 26
3 8 ; 34
4 6 40
5 10 ' _ S0
6 12 62
7 14 : 76
8 16 : 92
9 18 110
10 22 : 132

iii) At each review date a: ‘programme progress chart’ is drawn. This shows the
number of items that have completed each operation and is-obtained by
checking inventory levels. For example, at week 4, 40 items should have been
delivered or cleared operation 15 of the example being considered. Figure X
shows the programme performance at week no. of 4.
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Figure X: Programme Progress Chart (As at week no. 4)
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Since the object of the excrcise is to compare actual progress with the
scheduled or planned progress. The information of Figure X must ue comparcd
to the required progress. This is done by constructing a line on the Prograrmme
progress chart which shows the requisite number of items which should have
been completed at each operation at the time of review. This line---the line ¢
balance (LOB)—can be constructed by using a graphical procedure as shown i
Figure XI. The rationale behind the construction is that at the review dute the
cumulative number of items ready for each opcration must make allowances
for the lead time of that particular operation.




“iv).  Analysi is ' i
) Spciif)ilixsogt; r;;rtti)f::ss is finally dqnc to identify shortages and pinpoint the
requisité peratio ofno.n-conforrr'ung to schedule. For instance, in Figure X the
o o completed items have been delivered to the customer
peration 15=-40), but both operations 13 and 14-are in short su

Uﬂ»?éss deliveries during the next week are exnedited chvenaac ‘ppfly und
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The LOB technique is an example of managcment'b'y eéxception since it'deals only
with the important or crucial operations in a job, establishes a schedule or plan for
them and attracts attention to those that-do not conform to this schedule. Itis
particularly useful where large batches of fairly complex products, requiring many
operations, are to be delivered or completed over a period of ‘time. '

10.7 PROBLEMS AND PROSPECTS OF BATCH
PRODUCTION =~ L

In batch production systems the in-process inventories-and the lead times tend to be.
large. As we have seen MRP is a vehicle 16.control the discrete parts production
planning and also to reduce work in-process inventory. However, the drawback of
MRP is that it.is expensive to implement as it requires the-capability of a mainframe
computer, technical support professionals, and MRP software. Instead of designing”
production control tools for a compléx production system, attempts have been made

. to simplify the system itself. Oneu‘exz\mplélj of this is Kanban developed in Japan.and -
being implemented at Takahama plant of Toyota. Kanban emphasises the reduction .
in production lead time and in-process inventory by specifying shorter production - -
runs of any single product. Kanban is characterised by quick change toolingto ~
reduice set up times. Production control is decentralised. Production activity is -
regulated by Kanban cards. Conflicts aré handled by management and supervisory . .
intervention on the shop floor. Further details of Kanban may be found in Elsayed *
and Boucher. - = : BRERTEI i




A_n’othef\major development with respect to the o plicated problems of batch .
mahafacturing has been the development of Flexible Manufacturing Systems (FMS) ,
in an attempt to-apply computer controls to pro. ction scheduling, the control of

machines and the'?hoyemen; of materials in a discrete parts manufacturing -
environment. SR T :

FMS may be defined as general purpose manufacturing machines, which are quite
versatile’and capable of performing different types of operations, linked together by
material»handli,ng systems. Both the machines and the material handling systems are -
under the control of a central computer system. There are two main objectives of
employing FMS: o »
1) to permit ‘machining of any desired mix of parts in a given time'period, and

i)  to'reduce the work in process and increase machine utilisation in ‘small-lot
manufacturing. = : . i

- 10.8 SUMMARY ~ |

i b
¥
]

In this unit we have presented the features of batch production systems. Normally we
~ resort to batch production of products when there is a continuous demand for

products and the production rates exceed the !rétes.o{\demand. Continuous

production would obviously lead to ever increasing 'iintgntqry build-ups in such cases.

" The problems of finding the batch size in both the sipﬁé product and the
multiproduct situation (with the same manufacturing facility) have been considered.
Essentially, the approach is to balance two conflicting costs: the cost of set up and

the inventory carrying cost; where the former tends to decrease while the latter
increases with larger batch sizes. o '

. Aggregate production planning to economically meet a demand schiedule over a

~ planning horizon (of say a few months to a year) has been discussed and illustrated.
‘through a small example. Disaggregation t. obtain the master schedule is also

- indicated. ‘ g -

A problem, once the master schedule is obtained, is to plan for procurement and -
production of various components and sub-assemblies in time—this is done through
Material Requirements Planning (MRP). How to obtain the demand for parts has
been illustratéd in parts explosion. Subsequently, the structure of a practical MRP

system 'and the various reports that may be generated are highlighted.

The LOB technique for- production monitoring has been discussed next, pointing out
the usefulness of this management by exception tool for production managers.

' ’Fihally, s—omg:‘ developments in areas of discrete parts manufacturing have been
indicated with a brief discussion of Kanban and Flexible Manufacturing Systems.

109 KEY WORDS -

Aggregate Produ;:tion r.Pla;ming: Allocation of work force sif ,ar;d pr.odu:(t)icis:ol:vel
‘ i er the planning horizon.
‘meet the. forecasted demands of goo_ds and services over . :
- El?hg?:generally done in terms*of an aggregate product representing the combined

néeds of the various products. -~ - N
i ﬁﬁtc’h Pfoduétioﬁ: A prbduct.io_n situation where p,r.o.d'ucvtion takes place in lo.ts or
" -batches as opposed to continuous -production. Justified when rate of production
exceeds the rate of demand. Determination of batch sizes and sequencing orb h
.scheduling of batches in multiple product situation are.the key decisions in batc
.-P'roduc't'mn'. S | -
g Liﬁe of‘ilalanc'e (-L.O'B)';» A production control device effective xn:bgch .p;od;:guon to
comparé pr,ogreés on each ‘operation with the progress necessary tp §at1‘s y tdqf -
. ',e\"entua'l delivery requirements (not to be confused with ‘line balancing’ used for

S




designing assembly lines in mass production). -

’ Master‘Schedule: A detailed product by product production pian showing the :
-quantities of each product to be produced in each period of the planning horizon.

. Material Requirements Planning (MRP): This is generaily a computer-based system
.. for drawing up detailed production/procurement schedules for various parts, »

. 'sub-assemblies needed to meet a given master schedule of the end item. It utilises the

; product structure, processxng information like productlon / procurement lead times
and inventory ‘status in a bid to. produce the Dbest plan, e '

.: Parts Explosnon. A particular product is generally composed of sub-assemblies and
parts which in turn could be traced to items at the next level in a typical tree-like-
product structure. The problem of finding the demand of all components,
sub-assemblies for a given demand of the end product is referred to as ‘Parts Explosion’
_The problem could be complicated as a component or sub-assembly may be needed
at ;dlfferem levels of the same or different cud o dmh

10.10 bELF-ASSESSMENf EXERCISES

i sttmvulsh between mass and batch production. Under what condmons is
batch production Justlfled‘7

29025 "\“

2 A progmq may, bc madc in the. plant or purchased from an outside vendor. The
inventory carrying cost per unit is Rs. 5 per day and no shortages are to be
allowed. Giyen the information in the. following table, what is the best pohcy for
an annual demand of (a) 30 000 units and (b) 20 000 umts '

In-plant Vendor
Production per day (units) 200 - 8
Lead time (days) 4 9
Cost per units (Rs.) 500 540

Order cost (Rs.) 1000 ) . 700

3 A company is to produce three products on the same machme using a common
cycle policy. What should be the respective batch sizes and the total annual cost

given the following data?

Product-1 Product-2 Product-3
Production per year (units) . - - 6000 12000 i . 4500
Demand per year (units) 2000 3000 . 1500
Set up cost Rs. 500 Rs. 400 Rs. 600
Inventory Carrying cost per unit per year © .« Rs. 400 Rs. 700 ¢ - Rs. 300

4 The packaging division of a paint shop used the sameé automatic filling machinery
for packmg 3 grades of paint called A, B and C Demand for each brand over the

next six weeks is as follows:




 Units demanded (X10%)

Week ) . . ’ A L B C
- . — ;

100 . S0, 100
§ 100 - 80 . 80
; 200 100- ./, 150
: 150 ‘ 20 - 80

200 ° 50 80
6 , : o © 200 . J100 ¢ 100
Initial Inventory T e 200 o 100 ' 150

The filling machinery is operated for 40 regular time hours per week maximum and
overtime is limited to 7% of the scheduled regular time hours.

Owing to different visc~ :t.es of the paint bra#ds the standard number of ti.ns"‘t:iil‘e‘d
per hour is as follows. oy

R SRR + Rl BN

AR R LR 1) SR

S Rt

Brand "¢ U Standard Tinsfilled per hour

A . 9800
B i 7200

c , ; 6900 -

Costs per hour of regular time an overtime are Rs. 200 and Rs. 400 respectwcly The

inventory carrying cost rate is 40% per annum. What i i the optimal aggregate

production plan?

S Three end products 1,2,3 are composed of sub-assemblies A,B,C,D, and
components X,Y as shown in the following product structures

D G
"

(numbers in parentheses show the number of units needed for assembly tc (h=
next higher level).
’_gl’ Construct the Bill of Materials matrix
. B If52and 1 units of end items 1,2,3 are required compute the veetor of
dependent demand resulting directly from end product demand.
c) Compute the total requirernents matrix for the above case.

/
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UNIT 12 PLANNING AND CONTROL OF _
PROJECTS

Objectives

After completion of this umt you ‘should be able to :

describe a project in terms of its activities

represent the inter-relationships among the activities as network
differentiate between CPM and PERT :

compute activity times, critical paths and slacks

use the above information for the time management of the pro;ect
use PERT when activity times are probabilistic

specify project cost curve and crashmg oFthe athxes for reduction in, thﬁ time
duration of the project - vl by Pt e,

e schedule resources oo ) o . )

o ® & 6 ¢ o 2
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Structure : : v ey

12.1 Introduction

122 Projects o od
12.3 Network Representation of Pro}ects
124 Time Management of the Project
12.5  Critical Path Method (CPM)

12.6 Programme Evaluation and Review Technique (PERT)
12.7 Time Cost Relationship and Project Crashing

128 Resource Allocation

12.9 Project Updating and Monitoring '

12.10 Summary

12.11  Key Words

12.12  Self-assessment Exercises

12.13  Further Readings

12.1 INTRODUCTION

We are sure that, both in your professional career and in your personal life, you
have handled projects. In this-unit we will deal with efficient management of
projects. We will describe a project as consisting of inter-related activities. Networks
will be used as visualisation of these inter-relationships.. A successful implementation
of the project will involve planning, coordination and control of the activities
constituting the project. We will discuss the time-management of - project using
Critical Path-Method and, subsequently, in snuauons where activity times are
probabilistic, Programme Evaluation and. Review Technique (PERT). We shall also
describe the relationship between cost and time for implementation of the projects.
Each project involves consumption of certain raw materials and use of certain
resources. We shall briefly look into the resource allocation problems.

While this unit will outline methods and techniques which are useful in Project
Management, a successful implementation of a project will depend on the skill and
efficiency of the manager in using these techniques.




12.2 PROJECTS

Before we formally define projects, it will be a good idea if you describe, in your
own words, your impression of the word project. 1 ‘ ‘

Activity A T

In t!ie space provided (or on separate sheet) write down your impressions of the term
project. Also prepare a list of a few projects, which you have handled. : N

Now 4oﬁslder ‘the following two situations:
| Preparing tea -
2 Arranging for a tea party

If we look at the above two situations, then arranging for a tea party will require
preparing tea as one of the tasks. In fact, arranging for a tca party will require
organisation of other tasks, such ds issuing invitations, procurcment of snacks,
procurement .of cutlery, table arrangement, serving tea, etc. You will agree that
arranging for a tea party is a much more complex task consisting of a large number
of simpler tasks or activities such as preparing tea. We will call arranging for a tea
party as a project while we will refer tc individual tasks such as preparing tea as
activities. A list of the activities for this project is as follows: ’

Example 1 .

List of activities for the project Arranging a tea party:
A Procure material

B Prepare snacks

C Arrange for the cutlery

D Prepare tea

E Set table with snacks and cutlery
F Serve tea

G Clean cutlery

We shall also make following observations:

a) Each activity needs physical time for its completion.

b) Certain activities are inter-related in the sense that tea cannot be actually served
until its preparation is completed.

¢) Each activity will require one or more of the resources such as manpower,
equipment, raw material, etc.

d) A project will be completed only if all of its activities are completed.

We will describe formally an activity as a physical independent action which requires
time for its completion and will consume one or more of the resources, and a project
as a set of inter-related activities that are organised for a common goal or objective.

Activity B
With the above definition in mind,identify at least one project with which you have
been associated and list the activities of that projects.




Some of the examples of projects are: erection of a manufacturing plant, preventive
maintenance of a-chemical plant, launching of a space vehicle, constryction of a ©
building, etc. These projects have a very large number of activities and can be - -
successfully completed only If the various activities are properly planned,-time _
schedules are pf'é‘ﬁér‘ed,"ré'éoﬁré'éS"alldca;éd‘and a proper coritrol is €xerciséd during
the implementation. Project managemen§ essentially deals With'thes"é‘aspe/cts of the-

project. o ‘ e

12.3 NETWORK REPRESENTATION OF PROJECTS |

First step in the management of the projects is to understand the inter-relationship
between the various activities which constitute the project. The activities may be "
inter-linked with each other in various ways. For €xamplé, the activities preparation

" of tea and preparation of snacks may be inter-linked with each other by the type of -
resource required (in this case a gas stove). On the other;hand, th&a,(;tgvity.,-sz (\)(i\ng
tea cannot be started unless and until the activity preparation of tea is completed.
Unlike the other example this dependence cannot be freed by providing add}(tzignai
resources. Thus in any feasible time-schedule, activity serving tea has to be scheduled
only after the completion of the activity preparationtofitea:~This kind. of.
interdependence will be referred io as precedence requirement. An activity B is said
to succeed activity A if, in any feasible time-schedule, B has to be scheduled only
after completion of A. Then, A is said to be the. predecesstr of B, =+

bejgect Networks are used to ‘v‘isually depict t_hrough arrow diagtams thes&’précedence

i : o edest vsle L
requirements. o !

: : ' HS
Drawing Project Network :
The input required to draw project network is the list of the activities and "‘tHei’r""" N
precedence requirements. When considering the precedence requirements, only "
immediately preceding activities will be listed. These are also called immediat
predecessors. Consider the precedence requirements of the Example 1. ‘

To start the activity prepare snacks, material has to be procured and hence A will
precede B. Similarly A will also precede C. Activity E can start only when A, B, D
are completed. However, as A precedes B, it is not necessary to list A as the =
preceding activity to E. Thus, B, D as a set of preceding activities to E,is sufficient
to enforce all the precedence requirements. For the above example, you may check
that the list of nrecedence reauirements is as follows. e

- Activity C o : ,

“For the e