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FOREWORD

Since its establishment in 1976, Acharya Nagarjuna University has been forging
aheadin the path of progress and dynamism, offering a variety of courses and research
contributions. I am extremely happy that by gaining ‘A’ grade from the NAAC in the year
2016, Acharya Nagarjuna University is offering educational opportunities at the UG, PG
levels apart from research degrees to students from over 443 affiliated colleges spread
over the two districts of Guntur and Prakasam.

The University has also started the Centre for Distance Education in 2003-04 with
the aim of taking higher education to the door step of all the sectors of the society. The
centre will be a great help to those who cannot join in colleges, those who cannot afford
the exorbitant fees as regular students, and even to housewives desirous of pursuing
higher studies. Acharya Nagarjuna University has started offering B.A., and B.Com
courses at the Degree level and M.A., M.Com., M.Sc., M.B.A., and L.L.M., courses at the
PG level from the academic year 2003-2004 onwards.

To facilitate easier understanding by students studying through the distance mode,
these self-instruction materials have been prepared by eminent and experienced teachers.
The lessons have been drafted with great care and expertise in the stipulated time by these
teachers. Constructive ideas and scholarly suggestions are welcome from students and
teachers involved respectively. Such ideas will be incorporated for the greater efficacy of
this distance mode of education. For clarification of doubts and feedback, weekly classes
and contact classes will be arranged at the UG and PG levels respectively.

It is my aim that students getting higher education through the Centre for Distance
Education should improve their qualification, have better employment opportunities and
in turn be part of country’s progress. It is my fond desire that in the years to come, the
Centre for Distance Education will go from strength to strength in the form of new
courses and by catering to larger number of people. My congratulations to all the
Directors, Academic Coordinators, Editors and Lesson- writers of the Centre who have
helped in these endeavors.

Prof. K.Gangadhara Rao

Vice-Chancellor
Acharya Nagarjuna University
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COURSE LEARNING OUTCOMES (CLOs):
On successful completion of the course the learner will be able to:
1. Provide students with a foundational understanding of Operations Management
2. Educate students about the obligations and duties of various organisational environments
for operations managers
3. To increase students self-assurance in handling production and operational tasks in the
industrial and service sectors
4. To define an operations system's boundaries, and know how it connects to other
functional sections of the company and its surrounding surroundings.
Unit-1: Introduction to Operations Management: Nature, Importance, Scope and Functions of
Operations and Operations Management - Evolution of Operations Management - Types of
Production/Operations Systems. Design of production processes Allocating resources to strategic
alternatives. ( Numerical types of LPP)
Unit-11: Capacity, Location and Layout planning: Capacity planning — Framework and Types;
Location Planning — Location Decision Factors and Planning methods (Numerical); Layout
planning — Planning and Principles of Layout, Classification of Plant Layout; Production Planning
and Control — Functions - Stages in PPC — Gantt — PPC in Mass, Batch, and Job Order
Manufacturing, Sequencing and Scheduling (Numerical); Manufacturing Resource Planning-ERP
Unit- 3: Supply Chain, Purchase and Stores Management: Supply Chain Management —
Framework, principles, electronic supply chain management. Materials Requirement Planning —
Planning Elements and Inputs (Numerical); Purchase Management — Principles, Process and Types
of Purchasing Systems; Stores Management — Functions, Location, Layout and Accounting
Procedures
Unit- 4: Inventory Management and Work study: Inventory Management — Meaning, Types,
Costs and Models — Purchasing Model without and with Shortages, Manufacturing Model without
and with Shortages (Numerical), Selective Inventory Controlling Techniques (Numerical); Work
study — Method study — Steps and Recording Techniques, Work Measurement (Time study) —
Steps, Techniques and Estimation of Standard time (Numerical)
Unit -5: Quality, Maintenance and Project Management: Quality Management — Concepts-
TOQM., Six sigma, ISO-9000 Standards, quality circles, cost of quality, acceptance sampling,
Statistical Quality Control charts — X and Range , ¢ chart and p chart (Numerical); Maintenance
Management — Functions, Objectives, Types of plant maintenance, Cost balance, Types of failures,
machine replacement problems, Project Management — Meaning, Phases / Framework, Roles and
Responsibilities of Project manager-PERT-CPM.

Reference Books:

1. Sidhartha S. Padhi, Operations Management — Text and Cases, Star Business Series, 2018

2. R. Panneerselvam, Production & operations management, Prentice Hall India private limited,
2017.

3. Mahadevan B., Operations Management Theory and Practice, Pearson Publication, 3rd Edition,

2015 29 MBA syllabus 2020

Aswathappa, K..ShridharaBhat, K., Production and Operations Management , Himalaya

Publishing House, 2014

Chunnawals, Production & Operation Management Himalaya, Mumbai

Upendra Kachru: Operation Management, Excel Publications.

Chary , S.N.Production and Operation Management, New Delhi, Tata McGraw Hill

Kanishka Bedi, Production & Operation Management, University Press.
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BLOCK 1 OPERATIONSVMANAGEMENT
—AN OVERVIEW

This block compriting one thematic unit introduces the subject of apetations
management which is equally applicable to products and services. The block explains
the objectives of operations management and tries to develop an understanding of
sclentific approach to industrial engincering. It givésa 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 to:~"

‘® 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 developmient of operations
management

Structure i .
1.1 Introduction -
1.2 Systems Concepts in Operations Management
13 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 )
1.10 Summary
1.11 Key Words
1.12 Self-assessment Exercises
1.13 Further Readings
N

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
definedas “..... any premises in which persons are employed for the purpose of

- making, altering, repairing, ornamenting, finishing, cleaning, washing, break_ing.
demolishing or adopting for sale, any article”.

However, by generalising the cqpept of production as the “process through which
goods and services are created” we can include both manufacturing and service
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! production ¢nabies us 1o 0ok at the problem
of production managementin a much wider perspective. This brings a number of
seemingly non-manufacturing sectors of sconomy such as transport, eriergy, health,
agriculture, warchousing, banking etc. within the scope of productionsystems. That is
why the terms production and uperations management or operations management
have been‘suggested by many to indicate the general applications of the techniques of
management of machines and materials

This broad concept of production is kept in mind throughout this book although the
apparent emphasis may be on techniques used in the context of manufacturing
arganisation but you should always be able to ¢xtend and apply these management
rechiniques to all types of service organisations as well.

The Value Added Process DN

Perhaps a more general concept of "operations’ instead of ‘production’ will better
include both manufacturingas well as servicc,._)rgnhi;}igns.‘ O_parations—either in
manufacturingorinservice—are purposcful activitiesofan organisation. 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 cnhancing 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 canbe 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 suchi 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.

¢) Store: The value is enhanced if the entity is keptina 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 cnricfiid through an inspection as we better
understand its propertics and can therefore take more informed decisions :
regarding their purchase. use, repair clc.

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 ete. 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 asin
transportation. hospitals. educational institugions. cinema-halls etc. Rendering &
_ service mhy involve physical goods (or facilitating goods) such as deéntist making a set
Wﬁc teeth while rendering dental care. Thus services canbe 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 facilit;m\ods. Based on this grouping it is possible ta segregate organisations
producing goods bx.services or both. )

The Conversion Process -
From the foregoing description, it should now be clear that all production or
operation functions are essentially a part of the conversion process which transforms
entities in shape; size, form, location, space, time and state. Hen;ﬁeﬂvery_urganisatinn
can be considered essentially as a conversion system which converts inputs into
sats thio o gh the conversion process (oroperations). This.aspect is further
lighted in the next seetinn N

P
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?.2_ SYSTEMS CONCEPTS IN OPERATIONS
MANAGEMENT

A system may be defined as “a purposeful collection of people, objects and
procedures for dperating 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 maynzve undesirable outputs too—such as
pollution, scrap or wastage, rejections, loss-of human life (in a hospital) ctc. Using the
generalised concept of production (which includes sennces) we can call such systems
as production systems.

l-l:ll" I: Lunt-uluul Model of A I‘ruduclmn_fUpernllon System!
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Figure 1 describes a generalised concept of production system. It takes resource inputs
and processes them to produce useful olitputs in the form of goods or services.

Inputs and Outputs

Inputs to the system may be labour, rgaterial, 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 systen.
Other inputs to operating systeny can.be—customers in a bank, patiénts in a hospital,
commuters to a public trapsport system, files and papers to an office situation, und
programmes to be run in a computer centre etc.

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

Productivity of Conversion Process | .
Now we come to the main question of how we know that we are managing our system- N
operations well. This concerns the efticiency 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. Itis

obvious that productivity can be improved by maximising the desirable form of

outputs from'the system for a given level of resource mpul\ or alternatively by

requiring a mlntmum amount of resource inputs fora given level of vutput from the

system. T

Thus'

Productivity (P} = Output (O)

TaputsTn)




Management of production systems is essentially concerned with the management for
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, ther productivity can be improved by reducing
wastefuiness (or wastivity) of the system. k

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

If you look a bit deeper into what is happenirg inside the conversion system—you
could find only two mutually exclusive thihgs happening. Either, the resources are
being processed (operation) taking it nearer to the completion stage or nothing useful
is happening to the rps&ifi"cg inputs. For example materials may be waiting in the form
of inventory in stafés! Walting to be loaded i the machine. Job orders may be waiting
10 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'impfbve your system operations, try to attack such
non-productive elements in the totalthroughput time of the entity in the system.

Manufacturing anfllService 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.

¢) 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 o#isation) has a purpose, certain objectives and goals to achieve.
Since the objectivedlif an organisation have hierarchical structure, sub-goals lead to
accomplishment of goaffiwhich contribute to the achievement of objectives and
eventually the purpose or mission of an organisation. It is very important that these
jectives should be unambiguously identified, properly structured and explicitly
stated. : .

In ggncral 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 minimum cost
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.




Performance Ohjectives

The performance objectives nfay include:

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

b} Effectiveness: It concern: whether a right set of outputs is being produced. Where
efficiency may refer to “.»ing things rizht’, effectiveness may mean “doing the
right things’.

) Quality: Quality is the ext-nt to whici » product or service satisfies the customer
needs. The output has to ~onform 1o guahity specifications laid down before it can
be accepled. ) .

. d) Lead tEnes: Manufacturing lead time or throughput time is the time clupsed in the
conversion process. Mininisation of e time, delays, waiting cte. will reduce
throughput time. '

2) Cenacity utilisation: Percentage utilisation of manpower hines ete.

1 Fiadbility: If the conversign process has the flexibility ol praducing a combination

of outputs. it is possible 10 satisfy a variciy of customer nee is.

Cost Objectives
Attaining high degree of
with lower cost of producing the goods o rendering i
is an inportant systems objective. Costs cin be explicit {visible) or implicit (hidden or
invisible). These couid be tangible in economic terms 7 intangible in social cost
terms—such as delayed supplics. customer complaints vte. Whiic managing
production systems we must cuider both the visible and invisible, tangiblu 2
intangible costs. Sone example: of these costs are:

Uy .
customer satisfaction on,p‘gmprmance front must be coupled
vice. Thus cost minimisation

a) Explicit (visible) costs:
® Material cost
. l‘l:k‘l and indirect labou: st
® Scrap/rework cost
® Maintenance cost

b

—

Implicit (invisible/hidden) costs:

® Cos! of carrving inventory

® Cos. of stockouts. shortages. back-logging. lost sales
® Cosi of delayed deliveries '

® Cost - Imaterial handling

# Cost . inspection

® Cost ui grievances, dissatisfac ion

® Downtime costs

& Opportunity costs

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

1.4 OPERATIONS MANAC

Operations Management is essentially 1 lunction concerning decision-making with
respect Lo a production/operation system so as Lo renider the necessary cusiomer
satisfaction at Jowest cost.

The Process of Management ‘ . .
Essentially management can be considered as a process ot planning, organising.
coordinating and control. .

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

——
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crouped for the sake of discussion. For imstance, al? the decisions concerning the

production system would be divided asi- -

4y Periodic decisions which include selection desien and updating of resources,

eiures, sysens and pn‘u:duru\',
1) Continual decisions which are require
production svstems

n dav-io-day operation and control of

Figure I1: A classification of Production Management Decisio
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Figure H shows a listing of some of the decisions according to this scheme of
functional classification. It may be seen that decisions in (a) above are generally
Aratesic decisions having loag-term implications while i (b} we have operational
{short-termy decisions.

And vetanother winy of looking ai these decisions sty be:
0 Planning and Design of Production saarems,

i Operations and Control of Productio stoins

Uine major topics covered in this book will be
muntioned classification.

oaped seeording to the above

A third way to group these decisions could

b Planning Decsions - Planming thie conversion systems

Planning the use of the conversion systems,
& Oreans
@ Stiuctunng ot operations
® Stall
@
.

il Organising Deasions ¢ for conversion

Tob and work-design

Producion operal tandurds




I Controlling Decisions — Monitoring and-control of conversion svs'ems on
aspects of
® Quantity
® Quulity
® Time
® [nventory
* Cost
& Maintenance..

Figure 111 shows schematically a listing of production management decisions
according to this classification.
Figure II: A Framework of Planning, Organizing and Control Deci In Production Systems
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Source: Adam Jr.. E.E. and R.J. Ebert, 1978. Production and Operations Managerial Concepts: Models

_anq Behaviour, Prentice-Hall-Inc., Englewood-Cliffs.
Strategic (long-term) Decisions
A decision is said to be strategic if it has a long-term impact; mﬂuences 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 and‘ Planning
(long-range or intermediate range) aspects. Some examples of these decisions are:
) Product selection and design: What products or services are to be offered

constitute a crucial decision. A wrong choice of product or pourdmgn of the product
thay render our systems’ operations ineffective and non-competitive. A careful




Crtation of prodietsevied alternatives on i mnuitip
choosing right product{s). Technigus
sood desien which docs notincarpos
intended functions at lowest costs
b) Process selection and planning:
and for the purpose ) process af corversion svstems is an iportant decision
concerning choice of echnolo dpment and macnines. PIocess plar. .ng pertamns
detailing of processes of rosource copversion rey sired and theirsequence
e in sush decisions are the aspects of mechanisaty and aulomation

tive basis can helpin
cun be useful in creating a
wx and can attain the

ofvalue engir

ale unnecessiry

1 ander the circumstances

Roosing optimal §

Hties location: [ concerns decision regarding locat.on of production syste:

_ A poor location may spell operating disudvantages for all imes 1o con
it is lmportant to choose a right locatian which will minimisc total
sdelineredan-customer” cost (production andd-distribution cost) by virtue of locaton
B : rnatives against

Lative mportance for the sy-rem

scalion alid

decision calls for evaiuatend

clevant factors considering the
. )

aritns T2

st and materials handling: Facilitios fayout planning problems are
conceined with relative location of,ong department (activity centre) with anotherin
erder to facilitate materia! fow gpgduce handling cost. dela and congestion, provide
sood house-keeping. fem!itgnc'q,sp;:gfin:.-lion ete. A detailed layout plan gives &
viueprint of how zctual factars of production are to be integrated. The 1pes of layout
will depend upen the natur e of production systems. Most of the concepts used in
Layout planning models are based on the importance of locating departments close to
cach other in erder o minimise the cost of matesialshamdiing. Proper choice of the
equipment such as fork-lft iruck, conveyors etc. is arelated
Jecision in lavout planning There are large number of computer packages develope
auch as CRAFT (Compuierised Relative Alivcation of Facilities Technigues).

CORELAP (Computerised Relationship Layout Planning) ete. to help in lavout
F ; play g pinlay
plannivg for;  cess based layoaus. Balancin
’

tne-de

the production or assembly line und
exv including provision of inter-stage sicrage capacity are somue relevint issue :
raguct-based
- technnlogies, particufarly computer-based. are significantly altering the
“onal concepts in lavout planning. Morc recently the concepts n Group
alogy (GT). Cellular Manufacturing Systems (CMS) and Flexible
ulacturing Systems (FAi$) hove intluenced the layout planning and material
andling policies significanily.

OUTEL

city planning: [t concerns the acquisition of productive resources. Capacity
dered as the maximum available amount of output of the conversion
NS OVET SOME ST 2d time span. Capacity planning may be over short-term as

des expansicn and contraction of major facilities required i conversion process.
nation of ecanomics of multiple shift operation ete. Break even analysis is a

¢ toal for capacity planning. Other techniques like learning cur
programming and decision tree are also usi:fu,!g;ptlls i capacity p

. linear

anning.

The above mentionad 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-term planning and control problems S
of these are:

2) Production planning, scheduling and control: In operation scheduling we wish 1
determine the optimal schedule and sequence of operations, economic batch g
machine assignment and desparching priorities for sequencing. Production contr.:!
complementary activity to production planning and involves follow up of the
production plans.

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




—in-v-c—nluries. Materials requirement planning (MRP) is an important upcoming
coneeptin such asituation.

©) Quality assurance: Quality is an important aspect of production systems and we
mustensure that whatever product or service is produced it satisfies the quality
réquirements 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 rélated issues in
quality assurance.

d) Work and job design: These are problems concerning design of work methods,
systems and procedures, methods improyement, 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. L .
€) Maintenance'and replacement: These include decisions, regarding optimal policies .
for preventive, scheduled and breakdown maintenance of the machings, repair
policies and replacement decisions. Maintenance of manpower scheduling and
sequencing of repair jobs; preventive replacement and cofdition monitoriflg of the
equipment and machines are some other'important decisions involving équipment
maintenance. Maintenance is extremely ctucialproblem area particularly for a

_ developing economy such as ours beca use-it is ﬁﬂly through a very effective
maintenance management that we can impruve:t‘apaj'clty 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 effective 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 iind feedback control—be it control of quantity, quality, time. inventory

standards of performance or uutputs.

2 Measure actual performance. X R

3 Compare the difference betweer: the aciual 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‘anﬂmg.
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
c0|lr}l.c 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 be exercised employing the exception prineiple or Parcto’s
Law. A more cffective control could be self-control or cybernetic or steering control
ﬂt may be dilficult to design such contiols in a large and complex organisation.

eed for Updating and Review of Decisions —
When we plan or design our production system, the process of P]anm.ng a:ur!‘les- .
rtain external and internal environment or work. In a dynamic system U E{‘L ma}[ C
Eanges in the environmental parameters which make our previous decisions out o
dute and irrelevant. In such a situation, we need to review, revise and update uu_r. )
decisions. For example, we niay switch over to group technology layout from existing

process type: we may add ggdelejg our prodyg s (DAY T ————
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design in the light of newer types of matenals that have developad or on the basis of
feedback from customers etc. c

It is a good practice 1o incorporate periadic reviews and updating as a part of our
system so that our decisions are relevant.1o the pi'evzni]ing circumstances and are
compatible with the external environment. Thus, we should be able to revise all the
previously stated decisions should the contingency of the situation so demand.

1.5 TYPES OF PRODUCTJON SYSTEMS

Looking from a different point of view. the entire problem of production/operations
management can be-yisualised as tharlyf managing the ‘material’ flow into, thraugh,
and out of‘th'is",&'l'ﬂ ktion system., If W try to detail out the flow characteristics inside
(e dnRa Rl Saits, we dfall findifat some systems have very smooth and
streslined flow; Soiieofhers may hawie more complex flow characteristics. In
geneérdll the more compléX iReHHw Xtiracteristics inside the system, the more
difficult it becomes to ma $ systern. On the basis of material flow
characteristics, the produ stem can be grouped into the following four
categorics o

a) Mass production or flow !ine gmdu(fl'{on system
b) Batch production system

e T

c) Jobshop
-d) Unit manufacture of projects.

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

production system. .
Figure 1V: Materizl Flow Characterictics of A Typical Production Process

Information

Qutputs

Products

. : v, Storage
— —— — —— Information Flaw

Matenal Flow .

Source: Meuipaz, E. 1984. Essentials of production and Operations Management, Prentice-Hall Inc.:
Englewood-Cliffs. - :




Mass Production or Flow Line Production Systems
‘Fhese systems have simplest flow characieristics constituting straight line flow.
Fucilities urc arranged according to sequence of operations where the output of one
stige becomes input 10 the next stage. The whole system is cascaded.

Major production management problems in mass production systems are—balancing
of production/assembly lines, machine maintenance and taw materials supply. Ina
production line consists of the serics of production centres, if workload is unbalanced.
then the miost bottle-necked production stirge will govern the whole output rate. 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 operationzl eflectivengss. Raw materia} o first stage is

. important to avoid shortage and subsequent starvation of the whole Kne.

, There are methods and techniques avifilabie’t§-atiend o the above mélitionet”

problem arcas. Some of these will be discusstP 85 later unit on operations planning

. and control aspect of mass production systeft 71

Batch Production System

If a variety of products arc made with-relatively small volume of production, it may
not be possible to layout a separate line for cach 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 i while it is discontinued and another product
isscheduled in a certain batch-quantity. Thus various products compete for the share -
of a machine. The machines 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 promincnt problein areas are:

) Optimal layout planning for the production system:

b) Aggregate production planning to absorb demand fluctuations economically;

¢} Machiné-job ailocation problem;

d) Determination of economic batch quantity; and

¢} Scheduling and sequencing of eperations.

Production control assumes significance in such svstems as the status of progress of

various products must be chased up and cifectively monitored.

Job Shop

A job shop does not have its own standard product but aceepts whatever customer
orders come in. Thus it is essentially a group of facilities and processes a wide variety
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 rule to
determine the sequence in which various waiting job urders are to be processed on
manuficturing { ies. Forexample. a production manager may sequence the job
asis of the short processing time (SPT) rule, The job requiring smallest
operatiun time gets top most priority in vrder-scheduling. From analytical point of
view a job shep can e treated as a network of queues and the waiting line models or
simulation techniques can be used 1o analyse it




Unit Manufacture or Projects 3 )
Suppose we want o make a ship. O jously due’ to large size of the prnducl the le-;
concept of pateriei flow should change. In the prey ious three cases the mdnpr)WLT an
lacilitics were fixed and product {ormaterial) was moving from place to pluce. Here
product remains fixed and manpower fucilities put work on it some chosen su]uwnt‘
Since such products are not made in lurge aumber and have long throughput time. we
can treat cach product as a project. Thus proj
technigues based on netw ork models suchas
and control of such Imulullmn systems

1.6 MANAGEMENT OF MATLRIALS IN PRODUCTION
- SYSTEMS

cet planning. scheduling andt monitoring
PLRT-CPM can be used for planning

As mentioned prevmu foblems of producuon management cs sentially concern
management of material flow into, through and out of the System. This makes
materials management a vital subject Sioganaterials constitute an extremely
important and costly resource 10 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 industrics 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 ‘usable but idle resource’ then we can also call it a ‘necessary evil'. Our
materials planning system should be such that we are able to ensure dLquDalﬂ 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 Managemeéni

To be most effective, our desire to maximise materials productivity must wim 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 materials. It can be seen for example 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 developmenti of
reliable sources of supplies to have ‘just in time” supply willreduce 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 inaterials 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 assocnaled wtth movement and handling of materials.

L d ~—
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c) Inventory con_trol: Here we Iry to plan our Procurement actions so that we can get
t}_m‘dom_nnd satisfied reasonably wel) without having to stock (in inventory) too much
of materials. This is a very 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 items demanded by production can e supplied without delay.
Avoidance of pilferage, Wwastage and storage losses are also important aspects of stores ‘
management. |

e) Waste management: Mat_eﬁals wasteamust be minimised if not eliminated. Waste
can also be considered as a barometer of materials productivity. If materials waste i3
minimum, productivity of materials improves. .

An integrated approach to materials management must look gt all the abavg |
mentioned problem areas in a eootdinated manner with a view to maximise materials

management effectiveness. -_— -
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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
Ppasses through grawth, 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
systems life-cycle are wrong, then these would continue to influence day-to-day
operatioris planning and control decisions adversely and no amount of day-to-day
effectiveness will be able to undo the damage done by poor decisions at initial stages
of life-cycle.

This concept also enables us to be alert o the external environment and start phasing
out a dying product and substitute it with a new product well in time so that continued
survival of the organisation can be planned. Figure V shows how introducing new
product well in.time can cause lon “term survival of the organisation evenif individual
products follow life-cycle pattern. Life span of a product may vary from few months
(such as fashion Eoods) 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 preduct sclection,
technology selection, location and layout selection are of stratezic importance. Once
the system has achieved steady state—most on-going organisations we work in are
probably at that stage—then most problems of operations management ¢re of
tactical or operational nature. Short-term planning and control 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
cannotagdjusttoevenmajor Tevisions due to extreme changesin external environment,
then the systems must come to end-through liquidation or through sale or merger.
Termination or phasing'out of operations may be sometimes deliberate.
Life-cycle Costing ™ """
A very imporfaiit concept in costing has emergad in recent years—that of life-cycle
costing. It says that when we evaluatestié cost implications 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
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Stage Key-decisions -
P goals; selection of the product

1 Birth of the system 1 ification of

2 Pmduc&ioq design and pro- 2 Technological design’
cess hnol

q o

of ‘product, selection of manufacturing
b h

3 Facility loutimu‘laym;, Design for quality, Demand forecasting

3 Design of the production|
system

4 Manning the system 4 structuring allocation, assignment methods design, work
meas|

payment systems

5 System start up 5 How to overcome initial problems, how to achieve full capacity

6 System in steady statc

7 Revision of the system

8§ Death of the system

6 Operational decisi cost ion studies, improving system
p to look after day-to-day problems

4 2.
7 Updating various decisions in the light of ‘external” EEs

8 How to phase out, salvage resources, sustain by Starting new
product: etc. o

1 .
Source: Chage, R.B. and N.J. Aquilano, 1973, Production and Operations Management: A Life-cycle
Approach, Richard D. Irwin: Homewood.

seemingly good decisions may not remain attractive if life-cycle CGosts are computed.
For example while purchasing a machine, the short-term cost may ‘meari-only initial
purchase price and we may be tempted to buy-a cheaper equipment or-machine. It~
may hqwever require too much repair, maintenance and operating expenses. 1fall
these costs including initial costs are compared during the life-cycle of the machine;
we may find that an expensive wmachine with very little maintenance repairand
operating cost- may be preferred alternative over initiallyinexpensive'but
‘costly-to-maintain’ machine. Thus while making important 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 i o '

Methods and techniques of scientific management have tremendous role to play in
helping us {o make rational and logical decisions in the context of production and
operatiohs manag - Through scientific methods, tools and techniques f -
industrial g ineering and operatiohs research along with behavioural sclence we can
look at altfacéts of the prablems and evaluate the consequences of our actions before
arnving at a decision: These techniques thus reinforce the subjective or intuitive
judgement and contribute to better manggement. ' )

The Role of Industrial Engineering L
Indian Institution of Industrial Engineering (IIIE) has adopted the following

definition of Industrial Engineering:

“Industrial Engineering is concerned with the design, improvement:and-installation of
integrated systems of men, materials and-equipment: It draws upenépécialised
knowledge and skills. in mathematical, physicakand social sciences together with the
principles and methods of engineering analysis.and design to specify, predict and
evaluate the results to be obtained from such-systems.” \

It can thgwfore be seen that industrial engineers.are dcsigne_r_q‘pt Mianagement - -
systems and industrial engineering approach integrates varfous approaches such as
operations research, systems analysis, behavioural science £to. towards ,the,inlegmﬁ:d
design of 6rganis§ti‘qn§. In this book many industrial engineering techmiques will be
licd in various units which helps us in better management of praduction systems...

n R T naioRer : (ki
The Role of Models . W
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;,y;)

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

Thus a model provides us a cause-effect relationship so. that we can evaluate our
alternative courses of action on the basis of our objectives and choose an optimal (best .
under the circumstances) strategy 10 maximise our effectiveness. Thus models provide
a valuable tool to compare our options and thus improve the quality of decisions and
Egovide us a better 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. Adlarge
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
simlation 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 )

In a large sized problem, a computer becomes a very efficient tool in problem soiving
and evaluation of alternatives. A big size linear programming of simulation prf)blem
can be efficiently solved on computers. Due to fast developments in computering
facilities and application software;, many OR models can be implemented via
computers. Computers also have tremendous role in management informahqn )
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 are integral part.of our production system. understandingof human
behaviour is very important so that managers can evaluate the consequences of their
actions on human relations, morale, motivation and produc!ivity._Supewisor's
relationship with his subordinates, organisaticn structure. individual and group

behaviour, work Habits and attitude incentives, participation in decision-making
performance appraisal systers have impadt 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 evolved in a very short
span of time. Its roots. however go back 10 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 it is now known started with th¢ work of
F.W. Taylor in 1878 who subsequently came to be recognised as the ‘Father of
Scientific Management': Taylor is credited with recognising the ‘potemia,'l

improvements to be gained from dnalysing the work content of ajob and ;‘-qsg,gnin_g_;l_:e' '
jub for maximum efficiency. His experiments conducted on the shop floor, brought..

of scientific management in the following way:

a) Developmentof a 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.

c) Striving for cooperation between management and the workers to simultaneously
sbtain both maximum production and high worker wages.

d) Dividing the work between management and workers so that each is working on
whal 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 considered
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 10
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
organisafions.




on Emerson applied Taylor’s ideas to develop
€ use of experts in organisations to im;

In 1913, Harringt

(.
and suggested th, Orgamsation structure .

prove efficiency.

Wilson developed
still recognised as t
works of subse;
size formula,
I
7]
In 1931, F.H. Dodge, H.G. Roming and W. Shewhart developed the, cbnccpt of
sampling inspection and published statjstical t;ibj.‘tq.; Earlier in 1924, W. Shewhait
pioneered the concept of statistical quality conzrol and developed control charts for
monitoring the quality of production processes. . .

the concept of Economic O
he classical work in the scie
quent researchers

rd_cr Quantity (EOQ) in 1928 which is
lentific analysis of inventory'systems and
were essentiaily further refinements of Wilson's lot
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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 Doughlas McGregor’s Theory X

, and Theory Y in management,

In 1937, L.H.C. Tippett develo;
machine and manpower utilisat
jor developments that influcnced 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.

ped the concept of work sampling to gauge the level of
ion and for setting work standards.

In and around 1950 two ma

Developments in com
Engineering and OR
in MIS and DSS (De

puters led to computerised applications of Industrial
techniques to production management problems. Developmer.t
cision 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 project management have been developed.

In the late 1950s scholars and researchers in-the field began to generalise the problems
and techniques of manufacturing management to other production organisations such
aj petroleum, chemical and other process industries leading to the emergence of the
concept of ‘production management’ as a functional management discipline. In ll:le
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
jproduction sector from the point of view of scientific management of systems

. Operations,




| Systems approach taking a holistic (integrated) look‘ at the problems of operating

| systems emerged in the 1970s which considered thg m(erfplay qf yarious sub-systems

" in organisations. Developments in the computer simulation of mtegratefl
pmductiou-invemory syslcms are some of the current thrusts 10 modelling of
production management probi'ems.
In the more recent pastthere has been a major thrust on tl‘{c aqoption of Japarl‘ese
management techniques like the * just in time (J IT) system’ or Kanbap system for i
rroduction scheduling and inventory control and the conceptsin quality circles (QC).
These concepts have apparently done well in Japanesc context but should be
cautiously adopted in other situations only if extqrgal work environment aqd work
ethos make them appropriate elsewhere t00. Other notable dcf,velopments inrecent ‘

past have been group technology (GT) or cgllularmranufacturmg systems (CMS), flexible

manufacturing systers (FMS), computer;aided design/manufacturing (CADI/CAM)

etc. Thus future of operations managements looks bright.

1.10 SUMMARY

3 R

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. QOperations us the conversion process have been identificd to
be central function of virtually every organisation. Vilue 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 obi ectives 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 ofhaterials 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 kcy
decisions at every stage and concepts in life-cycle costing provide new perspectives to
decision-making. Role of scientific techniques of industrial engineering, operations
earch together with behavioural science and computers is outlined. A brief
it-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 miodern Japanese management techniques provides a Synoptic view of the
growth and development of the subject.




gehavmuralscience' Systematic study of human behaviour.

Batch production: A production $ystem between mass and job shop. A number Df
producls are made in batches on the manufactunng fauhty

- Control: A management function aimed at ensuring that actual performance s in
|'accordance with the plans formulated to achieve its objectives.

! Conversion process: Transformation of inputs to outputs thereby leadmg tovalie”
addmon

Ergonmmcs Branch of technology concemed with the problems: of the mulual
adjustment between man and his work.

External environment: Comprises external surroundings in which an orgamsatmn
functions and which has an impact on its performance. )

Feedback: The process of comparing thie actual’ per‘fbnnance ﬂd ﬁ;e planned one in
-order to initiate aggion for control purposes.

Inputs: Alltypes of resources required by the conversion pmcess for producmg goods .
or services.

" Inventory: Usable but idle resource.

Jab shop: Manufacturing of varieties of productsin small batch sizes accnrdmg 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 of a product ora system.

Management: The proces s planning, organisi.ng:' directing and control. '

Mass production: Making of a single product in very large quantities so that facilities
- can be arranged according 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 cntro!. . ,
Operations: The process of changing inputs into outputs. It is a purposeful function
. vital to virtually all ornmsanons I ’

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

achieve them.

Prqduﬂ}qn. process of creating goods and services (synonymous to operation).

Productivity: The efficiency of conversion procass expressed as output per unit of

input.

Project: A set of tasks having sequential dependence with a deﬁmte starting and

ending point.

Quamy. A composite of characteristics that determines the extent to whuch a pmduct
service satisfies the customer needs.

Schedule' A time table of production system indicating the nme whm a pamcul;,r jOb
will be processed on a particular machine. E

—




Lequence: “1

e order in whi iti e to | ——
facility. ch Walltll.lgjobs are to be processed on a'l.nachullc ora

Service: . . .

S:‘:‘;"e A bundie of benefits, some may be tangible and othersintangible..
uvlation: A technique which feigns system: .
- S On pa|

déscribe system behaviour y oo TN com e+ ENNENN
Systems: A purposeful collection of people, objects and-procedures for operating '
within an environment. o ’ o
Strategic decisions: Important decis ons having long-term impact.
Value engineering: A systematic procedure 10 identify and eliminate unmiecessary costs
to provide equivalent function at lowest costs.

12 SELF-ASSESSMENT EXERCISES

1 Identify the inputs, transformation process and outputs in the following operations
systems: .

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

e) Automated warehousing

w

Identify the main objectives relevant to t'.ie 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 suitabie for products with large variety and
small volume of production.

¢
4} Productivity is a ratio of output/input.

Efficiency and effectiveness are synonymous terms.

+. 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 manag-d hospital.
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9 Why is it more difficult to increase productivity of a service system as compared tn
a production system?

10 Consider the following situation:

amount of customer dissatisfaction due to very high waiting time, discourteous
behaviour of work force with the clients, poor quality of workmanship and high cost of
repairing automobiles: As a result the customers have started getting their services
elsewhere. The owner is very keen to inyprove the situation but he finds that his
people are not motivated by a spirit of service basically because of poor wages and
indifferent supervision, This operation it located in an environmentally alert
community and they have alsg been comipfaining to the Jocal'unjcipal authorities

lha[_the nasty way in which operations arc-handled and waste water disposed off, is
causing lot of inconvenience in the locality. The OWner-manager wants your help in
mproving the effectiveness of systems operations,

How will you analyse the situation? What further information you may need? Prepare
a 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 hospitals, 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, onc 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 facilitics location has been decided, the
layout of facilities has to be done which has been discussed in Unit 5. A mention is
also made of different materials handling equipment. Finally in Unit 6, capacity
planning is discussed. The related issues of d d fc ing and capacil
forecasting are also discussed. A number of quantitative or operations research
techniques have been referred to in this block. Thesc techniques are not discussed
fully since their details would be handled in Course MS-7 and other courses to follow.




UNIT 2 PRODUCT SELECTION | ojecives &

After going through this unit, you should be able 10+

& recognise that all outputs of any organisation are services

& ggpreciate Product Selection as one of the key strategic decisions of any
organisation, wherein the organisation attempts 1o 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

o 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
understand the impact of product design on process design.

tructure

2.1 Introduction

2.2 The Product Selection Process

2.3 Selection of the Products

2.4 Product Development

2.5 Product Design

2.6 Summary

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 10 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 poods, e.g. getting a haircut, we will refer to these
services as pure services.

A ’
. ~§
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gll'oulputs 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 wé presented above. In what follows, the term product is
thus uséd 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 ihe organisation commits itself to the product/products
selented for a long time to come. What products to produce—in what form and
wiil whar foztnres—is very important because many other decisions—for example,
the technology - 1+~ capacity of the productive system, the location of the
production facilities, the organisation of the production functioggthe planning and
control systems, etc. are dependent on this. The cm.:peri(ivenessﬂd profitability of
a firm depend in part on the.design and quality of the products and services that it
produces, and on the cost of production. The design of a product or service may
make it expensive toEfoduce and a change in design may make it possible to
EJoduce the same in a less expensive way. Similarly, one design of a product

£ 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,
st. 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 benefii from these developments; otherwise what is perceived to

[EBve added value today may not be perceived as such tomorrow. For example, jute
_has been in use as a packing mediungfor a long time. However, with changes in

technology and consumer taste, the same product is no more perceived to have added
" value and therefore, its demand has reduced.

Product Selection Stages ‘ .

The process of creating,-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 p_ossibili:ies are generated . om many sources:




a) From the field itself through market research. This can take the form cf

consumer surveys, dealer surveys, opinion polls etc.

b) From research la.borawries. This can be due to a breakthrough achieved by pure
research or applied research in developing new knowledge.|,

c) Frm_n 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. .
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Economic analysis
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Process development

i

Design and testing ]—) Design

Source : Adapted from Meredith & Gibbs, 1984, The Management of Operations, John Wiley, New York,
p. 53.

The output ideas thus generated are then screened where their match with corporate
objectives and pol 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 orghisations, 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

Although Figure B:Iepicls product selection as a sequential process where one stage
follows another, in reality, l}aprocess 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 is demanded and ~hat is produced.




In sone cases, the oroduction process has alsn to e designed along with the product
.t service. This has to be done, for exampie, when the market viability of the .
pro,duct depends on .ow 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 felt
imperative to obtain a large market share right from the initial 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
a case. '

New-Idea NEbrtality Curve . .

The prévious section highlighted the fact ihat an output possibility has to crass
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 I 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 11 assumes that after three years of research,
fifty poten.tial chemical product-ideas aaavailable for consideration. Initial screening
reduces this number to about half and after economic analysis, by the end of year
four, the 1iumber of potential products decreases to nine. The mortality of ideas
continues over time and by the end of five-and-a-half vears, at the completion of the

E
profluct and process development stages, the number has already fallen to about five.
Design 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 gmpirically. Thus, the mortality curve should be treated as an indicativ
proposition in the Indian context. :

_Fl(un i Nﬂ:ldel Mort-lity Curve From Research To C. ion For Chemical-Product idess
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Source ; :::pted_frou Meredith & Gibbs, 1984. The Management of Operations, John Wiley, New York,

ﬂle 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 product after the initial research has been completed, as is shown by Figure I11. 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 11 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 moré thorough 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, sfudy 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 oul 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 rheir 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 P
black and white television set and made it available to television manufacturing organisations for a fec.
Activity B 4
Generate at least three new output ideas your organizations.

S
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2.3 SELECTION OF THE PRODUCTS

Al tﬁe research stage, the priority should be generation of new ideas. In lact, it:is
better not to start the screéking process till a reasonable opportunity has been
provided to genérate all néw ideas. This is becaiise different thought processcs are
required Tor geperation of new ideas and for afr'a!iqnal analysis of the same.
Consideratiod6f one new idea may generatef]better idea whereas an evaluative
analysis-trogueed early in the process may hamper the creative process of idea
generation. S8#e techniques for idea generation, for example, brainstorming,
explicitly prolipit any analysis or eriticigh(baggd on. analysis) of suggested ideas at
¢ idea gerf n stage. G BED e ’
i nroduct or service:ideas have been generated, the
Giddeleck the ‘best’ idea is set in motion. This
{ Fqualitative phase where the new product
idea is stucigsk.in 1 sarporpte objectives and-the corporate
strategics of'Hie onfi :h'—is fiore quantitative in the sense that

potential costs and I"‘cvcnuesh\(or benefis neéiigred by new product are quantified
and an economic analysis is-perfo #lish the economic viability of the new
N i o L

product or service idea.

Screening
" The new product or.seryicg idea is assessed to establish its market viability as well -
as 1o find out if it #frfkigarger corporate interest of the organisation to add this
new praduct or service to the current outputs of the organisation. 5
< ine

A product of 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 #iay be assessed (0 be low, an organisation may still decide to

rqnin the new output-idea for further analysis if it assesses that the demand will
grow in future, For example, vacuum cleaners are still in the introduction phase of
their product fife-cyclesin India“arid an organisation may select this as its product if
it assesses that-sales will grow in the near future. :

Acuvity C ' K -
IdentifyE§ome preducts-of your organization which are in the growth stage. What are the
criteria followed in yaur organization 10 decide about new product/service introductions.
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Each organisation. has some corporate strengths and weaknesses. New product or
service ideas should capitfe 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 o
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
ndard products and offered off-the-shelf.

is important to realise that strengths and Wweaknesses are relative and also

rceptive. 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
EIsidered to be a strength since this gives the organisation greater flexi ity in
product selection and adjusting to changes. in demand whereas the same be
perccivﬁlo be a weakness when capacity cannot be hired from outside or the quality

of jo_l&ot 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

i) Familiarity with the same or similar production or transformation process to
produce the product :

Familiarity with the same or similar markets or market segments

iv) Familiarity with the same or similar distribution channels.

Thus, it is perhaps natural for a firm manufacturing ceiling fans to include heat
BJuvectors in its product list, wherein it can benefit from its familiarity with similar
jon, process, similar market segments and even the same distribution channel.
top of it, it can also reduce its weakness of having a highly seasonal capacity
ufilisation. )
The above discussion §Bb 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 toae strengths and weaknesses of an organisation as relative, but
B:nive to what? Of course,relative to the competition. If there is no competition,

ich 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
successfulJ 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.




- .ine«dmes a new product or service id .0 having very poor match with the existing
ci-engths and weakfEJsses of the orpanization is consciously adopted. This can happen
if the organisation feeldEhat the existiny products or services have reached the decline
[EBase of their product life-cycles either on their own or due to some changes in the
environment e.g. govemrral policy, introduction of better and cheaper substitutes,
changes in prices of some inputs etc. For exarale, when ITC Ltd. decided to
diversify into hotels, this new servics idea did not exploit any of the four familiarity
factors which could have given som synereistic 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 t¢ the extent possible. What this
means is that the economic value of the returns mt :xceed the economic value of
the costs incurred to produce the output. For coremercial organisations, the
measurement of the returns and costs i« relatively siraightforward and economic
analysis in a way becomes synonymous with =7 y analysis. The cash flows
generated as well as consumed, if the procuct «r service idea is implemented,
have to be estimated for the life of the project. Hawever, since there is a time value
of money thesc cash flows cannot be ¢ ectly added or subtracted. So, the cash flows
are discounted to take care of the tim= value of money and the net present value of
all cash flows is obtained—or ciss 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 M3-4,
Non-Profi! Organisations

r 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 mce=s a cost benefit analysis, which i similar to the cash flow analysis
mentioned eatlier but now the net present value of 2il benefits less that of all costs
is used as =n indicator of economic viabiliiv. The benefits imply an addition of real
resources to 1. society as a whole whereas the ~osts imply using up real resourcee 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, ecourunic prices are first estimated and then
used to value those costs ar:i benefits for which free market conditions do not exist.

\conomiv  nalusis ok, therefers, much more difficult for non-profit organisations
than . =rer o tions having a profit motive.

Activiey O 3 B
For a nan-pro. it organization like a hospital, consider the ways in which the services can be
costed or priced?

Actvity E

Sereen the ideas generated in activity B by you, considering the likely dermand and 1he
destrabiiity ¢ acding these out puis.




2.4 PRODUCT DEVELOPMENT
q"d”d development concerns itselfl with modifications or extensions provided to
ideas so as to improgy the functioning, the cost, the value-for-money of ‘he product.
Development effo proves the performance of the product, adds options and
additional features even adds variants of the basic product. On the whole,
evelopmem effort is'innovative vis-a-vis research which is more inventive—the thrust

ing on developing new product ideas, technologies and processes.
Development Effgis '

ure 111 charts the development effort over time for a typical product, The figure

0 shows the effort made for research to show the rel .tive magnitude of effort as

1l as the timing of the two. Development starts after research has established an
g:a which has been examined, evaluated and ever refined. The develnpment effort
rises initially as the performance of the product or service is improved and as the
product itsell graduates 1o 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 111 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 11l : The Development Effort Through The Product Life-Cycle of A Product
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Source ;: Meredith & Gilihs, The Management of Operations, Jchn Wiley, New York, 1984, p. 66

What is more importast-—research or development? Development can start only when
research has produced & product or service idea which is 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 yeurs ago.
This is partly because the new products e.g, colour teievision, are more complex and
require longer fe debug and 1o improve their performance. This could also be true
because research has become very expensive and organisations are under pressure to
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cosnmercialise 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 organisations 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 important
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, coiour
etc. are laid down and the task of manufacturing is to convert the design into
physical entities.

Product Variely

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 very 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
meanl to disf)la)" the right time but still a company like HMT‘ has hundreds of models
of walches 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 hold down cost is
through modularisation. A product is designed using modules or sub-assemblies that
are interchangeable and each different combination of modules gives a new variety of
the product. For example, two qifferem movements, three dial shapes, two dial sizes
for each shape and three different colours will give 2x3x2x3 i.e. 36 varieties of
watches, yet making large quantities of standard modules, —

Design simplification attempts to simplify the design so that the product or its parts
becdme simpler to produce. This might mean combining two or more parts into one
50 that some assembly opcratiofs 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 some prud-
ucts which follow a modular design approach.

S‘i.l‘:ucluring of Options : '

tions provide variety to a product increasing its attractiveness to a spoétrum of
users while retaining operations as simple as possible. We can see opuol?ed products -
everywhere—from computers and office furniture to automobiles and machine
tools. Even services have options built-in, for example in vehicle i msura{nce

Structuring the options is a major part of making a product line cnmpeuuve when
not competing on s alone. However, options bring in their own cpmphcanons as
1. For example, pricing becomes much more complicated since ea¢h option may
not have the same margin. A lot of sales effort is required explaining options er
determining, what the customer wants and it complicates the customer’s choice.
Options also give the customers an opportunity to change their min_id and this
creates additional difficulties where the product is made-to-order. All options are
not used fo the same extent and low-usage option parts become hard to plan and
control-when mixed with a high-usage option part. i
CAD/CAM

A part can be compuler designed (computer-aided design) and ifs fabncanon
instructions can be generated by computer-aided manufacturing (CAD/CAM). This
has the advantage that the manufacturing equipment is not tie‘? up for long periods
during setting up time. Practically all the preparation time is in programming where
detailed instructions regarding the physical task to be performed 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 equipment under its control. This then allows 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 achieving computer-
inlegrated manufacturing (CIM) that has great importance; for the future. CIM

is not yet a reality, but is certainly the direction toward whtch manufacturing in
some industries is proceeding, |

Design Characteristics and Tradeoffs i :

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

The kev elements to be considered in product design are"

a) Function: the new design must properly meet the recibieni's need and perform the
function for which it is designed.

b) Cost: the total cost incurred in producing the new desagn should not be excesswe.
else that will affect its demand. i

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




ected duration. This is more important for complex designs involving many
elements and the design must provid: for redundancies and high reliability of
elements so that high system reliability can be obtained.

auﬂeliabiiily: the new dssign should function normally without failures for the

The other elements which are also important in a product design, perhaps to a lesser

degree are: ' ‘

€) Appearance: if the new design can be made r.ore attractive, without sacrificing on

other attributes, that is only likely to improve the demand. The relative
importance of‘appcarance varies from preduct to product and in many industrial
uipment, it may have a relatively small effect.
Environmental Impact: the new dssign should not degrade the environment.

g) Product Safety: the new design should noi pose a hazard to the recipient.

h) Productivity: t ew design should be producible with ease and speed.
Maintainability: this is particularly applicable t» consumer durables and industrial
uipment. If.a failure occurs in the equipment, it should be easily repairable with a

minimum of down time.

1) Timing: this is particularly relevant for design of services. The service should be

ilable when desired by the recipient.

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

n both product and service design, 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 ecoriomy 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 ard 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 IV below.




Figure IV : Product And Prc:is Innovetions un 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 emphasis is on maximisation of product performance,

The proc is typically uncoordinated in this stage and process innovasions' are
primarily output-rate stimulated. Product innovations are gradually decreasing while
process innovations pick up at this stage.

Ir: stage twboxh product and process innovations are technolng_y.-slir!mlated. The
preductive system design emphasises cost minimisation as cor_npetmon in |_he market
begins to enalasisc price, Process innovations start dominating over product
innovations as they yield greater reduction in cost.

Tﬁe product or service has reached maturity and saturation by the third stage and
innovations are stimulated primarily by cost considerations. The pm_ducaw:- processts
become highly integrated and product-focused operations try 10 achieve economies of
scale by having integrated ‘Plants of large capacities.

2.6 SUMMARY \
ezave looked at the precesses of brmging new product and services 1¢ the market
in this unit and the role of nperati‘q in that process. We identified all cutputs of an
organisation as services, s ong with a facilitating good and sometimes
without that. Product seir cion is a strategic decision for the organisation and the top
management as well as function: like marketing, R & D and 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
research, research laboratories themselves or conscious, formalised attempts. These
ideas have a very high mortality and the new idea mortality curve showed ihat 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
strengthis and weaknesses. These are then subjected to an economic analvsis. New
product ideas ure 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, producfsafety, environmental impact, etc. Finally, we found that-
uct 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. )

aw-ldu Mortality Curve shows in a graphical form the number of output ideas
surviving after each of several hurdles till the ideas get converted fo outputs and enter
the market. i

Product Development refers to modifications or extensions provided 1o ideas so as 10
improve the funﬁ'oning, the cost, the value-for-money of the product.
Standardisation attempts reduction in variety and better use of productive facilities
reby achieving lower unit costs.
Modularisation involves designirathe output using modules that are interchangeable
and cachéifferem 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 h!m fefer to ideas regarding possible new outputs which, after refinements
and modlf‘gnons. could result in some outputs offered in the market.

Screening the process of establishing the market viabilit i

cess C h y of a new output idea as well
‘as to find the desirability of adding the new output to the outputs of the
organisation. -




3% 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?

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.

What is producibility? How does it affect product selection?

““Product development and design is basically a research and developmen

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

e identify the various tradeoffs involved in process selection

¢ know the issues involved in the general transformation process selection procedure

o [frn the four forms of transformation processes—their characteristics, advantages
d disadvantages :

. & know about the new technologies that are applicable (o the transformation

processes

» understand the concept of Process Life-cycle

® learn the use of break-even analysis in choosing the least cost process
appreciate the need to maintain focus in all production operations.

gructure

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 ummary

3.9 Key Words

3.1 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 strategy
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 2. markets 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 brovide 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. -




B

i -ve sheli discuss the major factors involved in the selection of the
transformation process, the various alternative process forms available and the
process inyfived in selecting an appropriate transformation process.

P:rocess Selection as an Adaptation : .
The major considerations in any process selection e.g. capacity, flexibility, lead time,
efticiency 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
available while selecting a process—between different materials, between requirements
af lahour and capital @Between volume and variety, between cost of production and
Nexiviti: . ad w0 ca. It is important to know the consequences of every cuch

tradeoff.

‘The transformation process selection is a tcompiex decision becnuse of the existcnce 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 o find a process which produces acceptable levels of anainment on many
objectives some of which are incongruent. For example, we want a process which is

xible 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 ol 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
1o a very greal extent. With newer materials are becoming available such as a
different transformation process which might become more appropriate, This
phenomenon can be scen 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 jechnology may render a process obsolete as the new
wghnology 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 development of cold forging, the material wastage involved in metal cutting can
be totally 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 ihe 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 aperations
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.
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3.2 FORMS OF TRANSFORMATION PROCESS

Process selection js actually a generic decision and in practice this refers 1o the
selection of sub-processes and sy b-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 ril] we
reach an elemental level of components which cannot be broken down further, Now,
for each of such components we have (o decide whether to produce it ourselves or to
buy from outside. If jt has to be produced 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,
€quipment required for the transformation, staffing, the detailed work place layout,
design of special tools, jigs and fixtures and 50 on, If the product requires an
assembling of components and sub-assemblies, then the assembly process has also o
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 Yolume and (he Variety
One of the major considerations for process selection is kriowing where we want to

The other end of the continuum refers to very low product variety implying a single
standard product that js 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
and stocked in our warehouses to be sold as and when the demand occurs, or is to be
produced only on receipt of an order from the customer. It is a related consideration

underproducing are high. o

When we produce-to-order, the production process starts after receiving the sales
order in quantities dictated by each sales order. All 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 1o wait while his products are being
produced and so the longer the lead time for production, the longer the waiting
period. .

Services, by their VETy nature, cannot be inventoried and S0 services have to be
produced to order, The transformation process in such a sy.tem has to be so selected
and designed that the waiting time for a customer is not excessive,




Finally, we can have a compination ot both these systems as well. For cxample‘ where
a large number of options are provided on the product, the components and ’
sub-1ssemblies might be produced to stock whereas the final assembly is carried out on
qrder. lln restaurants, food is semi-cooked in batches i.e. produced to stock and the -‘
final dish is prepared on receipt of a customer order i.e. produced-to-order. e

Effect of Output Characteristics

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 whetfwr
prodllsced-to-smck or produced-to-order. Figure I illustrates these comments by ’
sh_owmg the relationship in a diagrammatic form. )

————

Figure 1: Effect of Output v of T ation Pros
igure 1 : Effect of Output Characteristics on The Form of Transformation Proce
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“The horizontal axis which shows the output characleristics is represented in terms of
the batch size. On one extreme we have products produced in batches of size onc,
i.c. 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, ccment €lc.

The form of transformation process is similarly represenited 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 derailed 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 smodath
and uniform, These can be categorised as batch 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, asin a petroleum
refinery or a fertiliser plant. In the subsequent sections we are going to discuss each
of these process forms in somewhal more detail.

However, we would like (0 point out 2 couple of things in Figure I before we
proceed further. First, as is <hown in Figure 1 we would not find any process
corresponding 1o the lower left hand \egion or the top right hand region of the
Figure. That is Lo say. when the batch size is very small it is not at all advisable 12
use the continuous or the processing form of transformation. Similarly, when the
batch size is really.large, il is again inadvisable to use the project or the interrupted
form.




The second point that crerges from Figore [ 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 different 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 decidc 1o
adopt the continuous form of production and both might coexist in the same
competitive market.

ti is also not difficult to see that Figure 1 :!'so holds 2ood for services (except that
there is no processing form for service). ” service provided by a fawyer on a law-
suit is almost always of a project form. Serviecs provided by a government agency
is usually of the interrupted form whereas for some high volume serv
continuous form is employed. In fact, in recent vears, as the service seclor is
growing faster than other SeCtors, more and more services are graduaily be
pushed down the vertical axis of Figure I. Fast food service is a typical ex.
this phenomenon.

3.3 THE PROJECT FORM

Frojeci 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
cefinite comr!»tion, the project form of transformation is very usefu! when
complex tash . volving many different functional specialisations have ro be
performed aga.s.t strict deadlines.

If the output of the transformation process is a product, such products are generally
cnaracterised by immobility during the transformation. Such operations are referred
fo 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
team 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 of the project. :

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

SeWing up a new thermal power plant

building a hospital

modernising a textile mill

constructing roads, bridges, buildings

orgarising an annual sales conference

launching a new product

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

& 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 Pprojects 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. :




[P S S U
The fast-pace of technological developments is forcing many companies 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 project operation. Increased competition, similarly, 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 cost 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
aperations.

Choosing the Project Form

There arec 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 (o 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 dces 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 1o 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.
é;:;?u :;oosc an area or activity in your org‘a.ni.z.ati()n where project from of organization ma,
be more suitable compared to existing organization from?




Chiaracteristics of Projegt Processes

Project operations are different from other forms of transformation 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

. Projects are designed to have a definite beginning and a definite end. Project
processes are therefore different from all other forms of transformation processes in

Process Selection

Thus in the initial phase,. resource requirements including manpower, are 4t -a law
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-éngineer.zﬁgh pressure welder
etc.) or a particular ‘Equipment (e.g, concrete mixer, pile driver #Hc.) may vary more

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, Thus, they may have limited loyalty an¢
short-lived interest in the project. This is further compounded by the fact thay the
staging area or the site-for many projects could be in a different and relatively
undeveloped geographical region and thar ‘auses some dislocations in the normal life

of the persons involved. Finally, the persons may have limited experience with the
special tasks involved in the project.

especially true if they are hired for the project and have to look for alternare jobs
once the project is over. In the process, the project may get dragged beyond its
scheduled date of completion.

Matrix Organisation

When multiple pbroject operations are under way, a matrix organisation structure is
generally used. In a marix organisation, project representatives for each project are
designated by different functional areas. As shown in Figure 1I 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

resources. However, a major disadvantage of this form of organisation is that an
employee has two Supervisors—one in the project ang another in his “*home’” or
functional department, The need for coordination between functional and project

Who will evaluate and reward employees? Wio is ultimately responsible for the

discipline of employees? In the absence of such coordination the project
Tépresentative may find himself or herself in the unenviable position of having to

4)




Figure II: Matrix organisation structure for project management
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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.

AEt_i;i"(y 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 Conirol )
A project generally involves many tasks—cach having its own specialisation and ’
perhaps to be executed by a different agency. However, they have a strict
precedence requirement—like one task cannot cven begin until twe other vredecessor




lask;uhave bet?n completefi. The cost of delay in completion of the project is also
u:ual. yhvery high, many t:mes_\..\mh explicit penalties being mentioned as well. Because
:ssurln; ese rt:afons the scheduiling and control of various activities in a project
S great importance. Some network planning techni i
! ! ques like CPM and PE
have been specially designed o resolve these issues. PERT

3.4 INTERMITTENT FLOW PROCESSES

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

Charactggistics of the Intermittent Form
nfcrring o Figure I, the intermittent process form is generally suitable ‘when the

griety is large and consequently the volumes are low. The transformation procéss’
ould be able to tuke care of this large variety and also in a manner that the cost ol

the processing is not excessive.

Flexilﬂity

‘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 intermittent 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 pruducﬁ 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 performs 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 standard operations
enables the organisation to solve complex and specialised problems. Thus, a difficult
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 bemspaformed '

Material Handling and In-process Inventory

As the grouping of facilities is around standard operations, the parily processed
output is to be transported from one standard 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 diffeents facilitiés. A-gteat teal of effort is made to design the facilities
layout sa-that the material'handting is rechiced for a targeted output 'mix.

Again, a5 the same facilities are being used for the processing of many outputs, the
flow of materials through the facilities is not smooth, but interrupted. 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 referred to as work-in-process and the consequent in-
process inventory is typical in intermittent flow processing.

Difficulty im-Management of Resources :
Since each outpiit or batch of owputs 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 |
E:Ch of outpuls can be tracked and all the inputs required for a particular output or

ch 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 _ :
' 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.

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 ata
reasonable cost. R

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 purpose 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 < es not have hundred per cent
utilisation. The cost of unutilised equipment is low, as the equipment is simple
general purpose and not very costly.

High Capacity Utilisation
As facilities are grouped around stanaard operations, all the outputs requiring a
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. and the operations planning and control could get
(%

"pariicular operation will have to be Serit 1o the section carrying out that operation.
Thus, there will be a high capacity utilisation for equipment grouped around that
operation. The cost involved in providing special environmental conditions for some
‘operations e.g. airconditioning, deh umidifying, 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.

Staff Advantages S

Each worker performs a complete operation under intermittent processing—e.g.
‘completing an analysis on a form, painting a component or-product etc. This, Y
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 similarly skilled and work in the same
location, oL

T s

Disadvantages of the Intermittent Form " . CE g

3 .
The intermittent form. will not remain the best farm af processing,ifthe volum -for ..
some outputs become high. The in-process invenjories could become excessively high - .

v

ofiexpediters, .
More Costly for High Volumes = '_.'m'i .

The initial cost for general purposé machines, which a}é"n%b”stl];uud in intermittent
processing, is low. But they are usually slower than special purpose machines and also
give lower quality of outputs. The skilled operators are. paid more 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 ape 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 to 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 operations planning and control 1o ensure that ail
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
variety of outputs and the scale ol operations increase, the in-process inventory

comes larger. On top of it, there will be a fast build-up of in-process inventory if
ere 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

requijrement.

o, of hand neccsiaig the yse .

Process Sclectio




| New Technology for Infermittent Flow Operations

Facluiies Slannin, e . . . . .
. ®  There have beeir quite a few developments towards increasing the efficiency of

intermittent flow operations. Many of these developments are based on using the
computer for many planning @ control activities and some, like group technology,
are based on using continuous How srinciples for outputs which have a large variety.

2 .

Computeised Produciion and Inventory Control Systems

Many different types of computei packages are available which can link the input and
outpul 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 uuﬂn requirements, the computer can work
out the requirement of raw inatetial 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 E8naterial -
Integrated-Computer-Aiggd Manufacturing
“ '-'n\ese computer packages tic up'the previous systems with mechanical systems that
nirol machinery and material handling equipment. These packages do not carry oul
manufacturing of parts alonc 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 )

If the computerised production and inventory control systems could be linked with
oxh:cr:planning and accounting systems of the organisation, it would result in
comptehensive 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 .
Groupchnoiogy has developed over the years o 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
(ransformation 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.

for members of a family is similar. The machines and equipment 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 cach of

these groups.

The benefits expected from group technology are really fourfold:

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

i) reduced materiol handling as the machines and equipment in a cell are physically
close to each other )

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

In general, component parts are grouped into families so thaf"the processing required

‘ S
As distinct from intermittent flow processes, all outputs are treated alike in this form
of processing and the workflow is thus relativély continugis. The production process
is therefore geared to produce one output, perhaps with 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 facilities in the
sequence in which they are required for the output, using high_ speed §pecial 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 oneoutput-to another is very smiall, the.transformation
process is selected and designed to maximise the efficiency of the resources and in the
process flexibility of operations is sacrificed. [ N
igh Volumes Coose e .
an organisation is planning to produce only & $ifiall variety of outputs and in high
lumes, it will find the continuous processing'form'a very attractive proposition.
ause 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, This 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 amount 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 required for the

production of outputs. The material therefore moves from one facility to another or
from fme. location to another with no backtracking at all. Thar 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,.whai is‘ called a product line. In many product lines we can actually see the
maiena'l 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 (ime. The rate of output will be governed by
the slowest location (referred to as work station in the context of a production line).
:Somctimes, 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.




il
ghen only assembly operations affiperformed 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 in

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 Lii i

The machines used in: continuous processes are generally special purpose and so their
operation s sipapler, 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 machines are more complex in their design and”
functions and so are more ditfialt-tb 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 work{low 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 exploring 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 r.ute of
production. Sometimes, it is difficult even to change the rate of output. 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 equipment,
the whole line may come (o 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
bottleneeks 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
implies 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 af the wdElkrs’ role causes boredom,
monotony and very soon starts affecting the morale of workers.
“gh Initial Cost L )

¢ special purpose machines and equipment used in continuous form of processing
have very high initial cost. It is-also costly 1o service and maintain. Also, such special
purpose equipment is very susceptible to obsolescence and it is not easy to find 2 -
buyer for such equipment or to modify these for other uses,

New Technology for Continuous Flow Process
Recent developments in computer applications have hed their effect on continuous
flow operations as well. The attempt in all this is to increare theflexibility of )
production and assembly.lines. . e : A

CNC/DNC

Machines and processes which have been aumma@dé@%ﬁgmme form of electronic
system are said to use numerical control or NC. In-the carly 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
programmies can be stored in the memory of the computer and 5o it is not necessary
to read the control tape for every item manufactured. This is an advantage since the
control tapes and the associated tape readers are among the most unreliable
components of an NC machine.
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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 nuraerical control can be thought of as soft
automation as this allows fast changeovers from one component part to another.
Robotics ‘

According to the Robot Institute of America, ‘‘A robot is a reprogrammable
_multi-functional manipulator designed to move material, parts, tools or specialised
rdevices 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 during 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 ) ) '

i) 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 to changeover from one output to
anather since the material handling equipment, which was carlier designed as part f
- @ production or assembly line, can now be ind:pcndcm!y-pw'grammcd.

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
comyputer 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 1o aid




Fucilities Planning

w anaysmg cngineering problems, particularly structured an‘al_y.s_is 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. . r

Flexible Manufacturing

Current usage of the term flexible manufacturing relates to autormated manufacture.
Traditionally, automation in manufacturing has been possible only for high volume
Jow variety products where the production process adopted had been of the .
continuous flow process form. Such process had suffered from inflexibility—not only
in terms of output characteristics but also of output rate. In flexible manutacturing
an attempt is made 10 i_mrodﬁce flexibility not only in terms of component design but
also operation, sgQUencey batch sizes and overall production capacity. Flexible
manufacturing tries to combine \he 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 PROCESSING INDUSTRIES

The processing.%gigs e.g., fiiiser. 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 ip,these organisations are highly automated with very sophisticated
-epntrols, often electronic or computerised. The labour requirements are generally low
ang.the role of the production workers is limited to monitoring and taking some
corrective action if necessary. Ho\ater, 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 principal input material which is
processed into one or more different products. In discrete manufactyring, 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 process, 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
intcrmediates. 1n a synthetic process, on the other hand, many different inputs are
synthesised into one output. Processing industries generally use analytic processes
whereas continuous flow processing in discrete manufacturing generally use synthetic
processes.

Continuous Processing

In spite of the differences mentioned 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 varicly in outputs is nil so far as processing industries 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"ip later in other units




Combination of Process Forms

The four forms of processing that we have referred to earlier, are really four
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 i ECURER e

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 increasing 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 interpseted 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 suitable 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 risc a different form of process might become the least cost alternative.

Process Selection
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Figure III: Break-even analysis of process form selection with phases of life-cycle. - i
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Use Project Form « —
Maintaining the Focus

Use Intermittent Form  *-- —> Use Continuous Form

The point to note is that the process form adopted should evolve as the market ana
the output evolve. Il 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 defined 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., Tast response to changes in output design, low cost of production, high
capacity utilisation of resources, and 50 on.

3.8 SUMMARY

In this uiit we have looked at the various process forms that can be _usca 1o effect
(ransformation of inputs into outputs. Having estahlishet_.l the -Hraleglv.: nature of
process selection decisions, we ¢éxplored the various considerations .whuch affect the
process selection. The major consideration in choosing an appropriale process fon:m i
the output characteristics in terms of jts volume and variety. A related consideration
is whether the output is produccd-lo—sloc'k or produced-to-order.

very low volumes and the output variety is large, the

When the output is produced in ¢ ! _
project form of transformation is often the most appropriate. Project processes have

i i inati hat in spite of strict

short life-cycles and need a high level of coord1nal19n 501 .
precedence relationships between activities, the project is not delayed beyond its
scheduled date of completion.

For low vioume 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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tputs,; the continuous flow processing form is often used. We have looked at the Frocess .
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 technologies 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 transformatior. processes where
the role of productic - workers is only to monitor 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 factery or an office.

3.9 KEY WORDS

An adaptive process; A pr. cess which has to continually adapt to mapy external
P ¢ .

factors. i [

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
cither internal or external.

Matrix organisation: A form of organisation structure in which a dual system of
grouping is adopted, e.g., a prrson is assigned to a project which he or she retains
membership of the functior.l nr@»isation.

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

Flexibilizy refers to the ease with which a productive facility can be used. to produce
different outputs.”

In-process inventory: “’lc stock of semi-finished prodicts usually required to cushion
the cffect of unequalproduction 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. . o - i
Line balancing: Implies that each work station in a production or an assembly line

has an equal work content so that ng_work station has an idle 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 :to many
separale outpuis.

Synthetic process: In a synthetic process, many different inputs are synthesised into
one output,
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3.10 SELF-ASSESSMENT EXERCISES ‘ we
! ERCISES
1 The equipment used in intermittent flow shops 15 less specialised than that used in
continuous flow shops. What about the labour?

2 Can flexibility or economy be obtained only at the cost of cach other?

w

Why do you (hink is managing a high-volume continuous operation casier than
managing a high-variety it_ﬁturminem operation?

4 Please explain why the in-process inventory is likely to be higher for an
intermittent operation than for a continuo:s flow operation?

Hospitals are commonly physically laid out as continuous flow systems.
(True/False)-

v

6 The continuous fopmof i;(oces'sing is the most economical when the system
requires ﬂexwly. (True/False).

o

Special purpose equipment are more likely to be affected by obsolescence thun
general purpose equipmem.‘(True/Fulac)

-

ﬁﬂ
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UNIT 4 FACILITIES LOCATION
Objectives )

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

¢ undetstand the strategic imporlance and objectives of facilities location

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

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

" relevant for specific site/community selection

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

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

@ grasp some simple operational research oriented models

e realise the need for recognition of the assumptions and limitations 6f the Pe
quantitative models discussed ¥

® provide a blend of some good rational qualitative iudgmeny and,the analytical

S S s

model solutions . ToowTy .-
& be in a position to identify relevant factors for facility location
Structure

4.1 Introduction

4.2 When does a Location Decision Arise?

4.3 Steps In the Facility Location Study .

4.4 Eubjective, Qualitative and Semi-Quantitative Techniques
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 ilself,_ 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 rrofitability of the facility are also
ufccted by the location decision. The facilities location problem is concerned
imarily with the best (or optimal!) location depending on appropriate criteria of
gfecliveness: 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 facili
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 been traditionally used as synenymous 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 erc,
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¥acilities Planning  However, with the enlarged scope of a facility, this term can now be used to reter 10
banks, EPspitals, 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 discussed 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 facility could connote
almost any physical object relevant to location analysis. Let us now see when a
location decision arises.

4.2 WHEN DOES A LOCATION DECISION ARISE?

The impetus to embark umn a facility location study can usually be attributed 1o
various reasons:

i It ma)' arise when a new facility is 1o be established.

ii). In some cases, mg facility of plant operations and subsequent expansion are
restricted by‘ a poor s:tc lhereby necessitating the setting up of the facility at a
new site.

iii) The growing voiup‘ie ol .business makes it advisable to eslabhsh additional
facilities in new lerrltnﬂes

iv) Decentralisation and dispersal of industries reflected in the Industrial Policy
resolution so as to achitve an overall development of a developing country,
wou]d necessuate a location decision at a macro level.

vl rnuld happen that the original advantages of the pl_am have been outweighed
due to new developments. .

vi) New economic,. social, legal or. political factors.could suggest a change of location
of the exisiting plant.
some or all the above factors could force a firm or ar organisation to question
whether the location of jts plant should be changed or not.
Whenever the plant location decision arises, it deserves careffil 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 source 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 geographical specialisation anc
50 on. Once a facility is-set up at a location, it-is very difficult to_shift izter to a
better location because of numerous economic, political and sociological reasons.
Economic reasons could include total costs; profits, availability of raw materials,
labour, power, transportation facilities, markets etc. Social reasons could include
employee welfare, employment opporturities etc. Politi easons could be because
of pursuance of a policy of decentralisation, regional arid developmental planning
especially in a developing country like outs. There could be security considerations on
risk of military invasions, sabotage from anti-social elements efc. and-some may be
prone to natural calamities like floods, earthquake ete: Policy mauers‘hte—f
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 categorised 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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. , . . . Faclties
Material Index M) = Weight of localised material used in finishea product Locatior

Weight of the finished product
If the material index isgreater than unity, location should be nearer to the source ot
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. . ) -
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 diff‘crcnces-—(pmduc-tivily, transport cost and iccessibility), (¢) human
differences—(attitudes of founders and wage-earners), (<) national characteristics,
and (e) various barriers—(political, geographic-and transportation). Let us now sce
how a location study is made.

4.3 STEPS IN THE FACILITY LOCATION STUDY.

Location studies are usually made in two phases namelyy (i) the general territory
selection phase, and (ji) the exact site/community selectipn phase amongst those
available in the general locale. The considerations vary. atthe two levels, though there
is substantial overlap as shown in Table |, )

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

‘Phase 11
Particular
Phase | Selection of
General Terri- Site and
Flthﬂ Factors tory Selection Community
1 arket *
2 Raw Materials .
3 Power » [ ]
4 Transportation . ']
§  Climate and Fuel [ ]
6 Labour a ages ] .
7 Laws and Taxation . L]
8  Community Services and Attitude L]
9 Water and Waste L
10 Ecology and Pollution -
1T Capital Availability ¥ [ ]
12 Vulnerability to enemy attack 3 L]

A Typical team studying location possibilities for a | irge project might involve
€conomists, accountants, geographers, town planner-, lawyers, marketing experts,
politicians, executives, industrin! engineers, defence : nalysts, ecologists etc. It is
indeed an inter-disciplinary team that should be set ip for undertaking location
studies, . -+ "

Territory Selection

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

are

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.




Facilitles Planning Raw Materials and Supplies: Sometimes aceessibility to vendors/suppliers, of uy
materials, parts supplies, tools, equipment ctc. may be very important. The issug -
here is promptness and regularity of delivery and inward freight cost minimisati: o
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. 1f
raw materials come from a variety of locations, the plant/facility may be situated 50
as ta minimise total transportation costs. The costs vary depending upon specific
routes, mode of transportation and specific product classifications. 7"l g
Transportation Facilities: Adequate (ransportation facilities are essential for the
economic operation of a production system. For companies that produce or buy
heavy bulky and low value per-ton commodities, water transportation could be an
important factor in-locating plants. It can be seen that civilisations grew along”
rivers/waterways etc. Many facilities/plants are located along river banks.

S S 1 e . 41e
1., -Manpower. Supply:  The aval_f;a}btllly of skilled manpower, the prevailing wage-
pattern, living.costs and the im}iustrial relations situation influence the location.

lnl’rasirucluref"fﬁis factor tefers to the a_vailabilily and reliability of power, water,

fuel and commuﬁliéﬁii{ﬁ'faciliﬂes in addition to transportation facilities. '
farsa .

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 takes; 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 1o 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 plot of land must be large enough to hold the proposed plant ard
parking and access facilities and provide room for future expansion. 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).




Topography: The topography, soil structure and drainage must be suitable. 11 Facilities l"_“"‘"""

‘considerable land amprovement is required, low priced land might turn out to be
éxpensn"e A

Transporlation- Facilities: The site should be accessible by road and rail preferably.
The dependability and character, of the available transport carriers, frequency of
1Jervice'and freight and terminal facilities is also worth considering.

Smpoﬂmg Industries and Services: The availability of supporting services such as

tonl rooms, t services efc. need.to be considefed. - .
Land Costs: These are generally of lesser importance as they are non-recurring and

poss:hly make up a relatively small proportion of the total cost of lacating a new
B plam Generally speaking, the site will be in a city, suburb or country location. In
eral, the location for large-scale industries should be.in rural areas, which helps
in regional development also. It is seen that once'a large intustry is set u;ﬂ)r even
if a decision to this effect has béen taken), a lot af infrastructure,develops around it
as a result of the location decision. As for the location of medium scale industries,
these could be preferably in the wburban/semt-urban areas' wiére the" ddvdrtages of
urban and rural areas are available. For the Small-scale Induistties; the location
could be urban areas where the infrastructural fagilitias are;plready available.
wever, in real life, the situation is somewhat paradoxical. gs people, with money
and means, are usually in the cities and would like to locate the units in the city
itself.

.me of Ee industrial needs and characteristics that tend to. i"avour each of these \
Ins are now discussed. Requirements governing choice of a city Iocmon are:
S s
.Avallability of adequate supply of labour force. e
2 High pronortion of skilled employees.
3 Rapid public transportation and contact with supphcrs and customers.
4 Small plant site or multi floor operation.
5 Processes heavily dependent on cit/ facilities and utilities.
6 d communication facilities like telephone, telex, post offices. .
7 Good banking anpf health care delivery systems.

Requirements governing the choice of a suburban location are:

—

Large plant site close to transportation or population centre.

2' Frée from some common city building zoning (industrial areas) and other
" restrictions. i

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.

[= R R S

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

1 Large plant site required for either present demands or expansion.

2 Dangerous production processes.

3 Lesser effort required for anti-pollution measures.

4 Large volume of relatively clean water.

5 Lower property taxes, away from Urban Land Ceiling Act restrictions.

6 Protection against possible sabotage or for a secret process.

7 Balanced growth and development of a developing or underdeveloped area.
8 Unskilled labour force required. '

9 Low wages required to meet competition.
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4.4 SURJECTIVE, QUALITIVE AND
Siﬂ[%l-QUANTITATIVE TECHNIQUES

“Jnree 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 technigue, the basic assumption
dqs thatif a location was best for similar firms in the past, it must be the best for us
now. As such, there is no need for conducting a detailed location study and the
location| choice is thus subject to the principle of precedcﬁl:e—good or bad. However
in the case.of the preferential factor, the location decision is dictated by a personal,
factor. it depends on the individual whims or preferences €.g. if one belongs to a
particular state, he may like to locate his unit only in thal state. Such personal
factors taey override factors of cost or profit i aking a final decision. his vould
hardly be cailed 2 professional approach though such methods are probaply more
comamon in practice than generally recognised. However, in some cases of plant
locatjon thers could be a certain dominant factor (in contrast to the preferential
factor) Which could influencs the location decision. In a true dominant sense,
mining or petroleum d%;i i ‘I: operations must be located where the mineral resourcs
is available. The decision-in ghis case is simp!v whether to locate or not at the
source.

For evaluating qua]itaﬁve factors, some factor ranking and factor weight rating
systems may be used. In the ranking procedure, a location is better or wors¢ than
another 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

Potential 1
Sites | -1 S
|

Site Rating 1* 10

Sample Calculation ' 1 243+ 6

——

F Factor; 'Fy Factor 1; S Site:—S. Site |
Looking at T"fible 2, Site'3 has the highest sitc 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
Decision Matrix

Potential Sites I
Factor Max. Pts. 5 3 5 V 5 _.
Fi (300) 200 250 250 S(;g
F, (100) 50 70 80 |.“J
F, (50) 5 50 10
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 X

We could have yet another method of evalua(ing'a_ polential'loéatiqn site. We coy!d" '
assign variable weights to each factor. The Iocatio‘n_s are _thgn _ga_tgd by a comm_onﬁ" -
scale for each factor. The location point assignmerit for t_}]‘_el;f_a‘c_fmr_is then obtained
by multiplying the location rating for each factor by :h_cl Faltfbjij\walghl. For example,
rating weights of one to five could be assigned to the three factors F} (I_.flbour
climate), F: (community facilities) and Fy (power availability and reliability),

as 5, 3, 2 respectively. Now for each of the factors, sites S1,.%, S, or S could

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

Factor Factor Rating Potential sites
Weights 5, S S, S
F, 5 2 5 9 2
F, 3 3 3 2 3
F, - 2 6 2 7 3
Site Rating : 3 38 83 25
*Sample Calcalation M= X2+)X3+@)xs

As shown in Table 4, the sample calculation should hopefully suffice to obtain the ~
SEI‘E ratings. Hence, site §; with the highest rating of 83 is chosen,
Factor-Point Rating Method

Now for a last one, establish a subjective. scale common to all factors. Assign points

against the subjective scale for each factor and assign the factor points of the
subjective rating for each factor. For example, five subjective ratings— Poor, Fair,
Adequate, Good and Excellent were selected to be used in evaluating each site for
each factor, For each of the factors, ‘adequate’ :

f e ! Was assigned a value zero and then
negative and positive relative worth weights were then assigned the subjeetive ratings
below and above adequate for each factor in Table 5.

Table 5
Factor Point Raiings Sample

Poor Fair Adequate Good Excellent
Factor F, Water Supply =15 12 0 6 10
1

F: Appearance of Site -3 -1 0 2

The range between minimum and maximum weights assigned to a factor in effect
weighs that factor against all other factors ijn a manner equivalent to the method

Facilitles Locatior
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Table o
Decision Matrix

Factors Potential Sites
S - 5 . S, )
Fy (Adequarte) 0 . (Fair) 12 {Good) 6 (Adequate) 0
F: (Adequate) 0 (Poor) 3 (Excellent) 3 (Fair) |
F (Adequate) 0 . (Adequate) 0 - (Adequate) 0 (Adequate) 0
—_—
Site Rating 0 s 9 -1, .
*Sample Calculation —15 = (12 + (=3) + (0) '

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

In riwost 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. .

 Cagnposite Measure .Method g

Letilas eplist 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 a 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 co!l‘lgc;ed_is shown in Table 7 below.
. able 7

Payoff Matrix

1l n_Sites
Factors ) S S: S,
Transportation cost/ week (Rs) Fi 800 640 580
Labour cost/week (Rs.) F: 1180 1020 1160
 Finishing Material Supply F; 30 80 70
Maintenance Facilities Fa - 80 20 30
.Community Attitude Fs 50 80 70

“The location analyst has pre-established weights for various factors. This includes a
sfandard of 1.0 for 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 miimum acceptable score
of 30 for maintenance facilities. :

First ofall let us.look at the economic factors Fi and B2 for which monetary values
were possible. If we total the costs for each site, we get the costs for sites §i,-S and
S as Rs. 1980, Rs. 1660 and Rs. 1740, respectively. Thus site S would be the worst
cost wise. Site S would have an economic advantage over site i to the extent of

Rs. (1980 — 1660) = Rs. 320. Similarly, site S3 would have an economic advantage
over site S1 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.




Table & acilities Location
Decision Matrix F

‘ ' Potentisl Location Sites

) Factors Weightage S S: S

Combine (F, + F;) Economic

Advantage Lo 0 32 24
F, . 20 . 30 80 70
F, ' 0.5 60 20 30
Fs 2.5 50 . 80 70

- LT . -
Composite Site Rating *215 . 402 354

* Sample calculation 205 = (10) X 0 + (2.0) X 30 +(0.5) X 60 + (2.5) 3g>
u! CLhey foua il o

refae s canaan

PN | A
Activity A ) S bisss nianliy ’
Based on the previous table, the location analyst site S, on thé'basis that site S, Hds a maximum
location site rating of 402. Do you agree? State reasoni for either agreeing or disagreeing .

LTINS

Now on referring to certain 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
requirement 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, _:'l is useful to draw location break-even charts which could aid in deciding
which location would 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 o

Cost Data
Location Site Fixed Costs Variable Costs Price Per Unit
—— —
South 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, )
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The data or Table 8 is depicied pic orially in Figure | showing the location break-cver
charts. Nc  the break-even point 1s defined to be the point or volume where the
totaj, cost: equal total revenue. Thus for each site S1 and Sz, the break-even point
cari be d- ermined by using a simpl: formula (which could be easily derived) as
follows:

Fixed Costs

Sales Volume (V)
South Bombay (S2) )

(b)

+en Vol BE) =
Break-cen Volume ( E) (Rey 2nue per Unit—Variable Cost per Unit)
At the South Delhi Location Si '

40,00,000
BE =

— = 87.1497 = 88 tractors.’
75,898—30,000

and at the South Bombay location S2,

60,00,000
BE =

a8

Let us see what would be the profit or Joss for :he two sites at the expected volume
~ of 95 Units. The calculations are shown in Table 10. :
Tahle 10

Cost Comparisons

= 103.448 = 104 tractors.
82,000—24,000

- ——
South Delhi (81) B I South Bombay (S2)
\Costs Costs

Fixed . .40,00,000
variable 28,50,000

68,50,000

Fixed ~ 60,00,000

Variable 22,80,000

S ki

. 82,80,000
Revenue

Revenue
75,898 x 95 = 72,10,310 . R2,000 x 95 = 77,980,000
e e —
Profit = (72,10,310—68,50.00:)) Los. = (77,50,000—52.80,000)
=1,80,1535 =4,90,000




ivity B : - '
at would be the expected revenues for an estimated volume of 95 Units if the
factery is location at (i) at South Delhi and (ii) at South Bombay? Where you would
like to locate the factory? '

l}léw what do we find? The South DeIhS|} site is preferable, eventhough the
revenues are lower, since the Company will lose money by locating the plant in
South Bombay (Sz2). .

4.6 SOME QUANTITATIVE MODELS FOR FACILITY
LOCATION T T s

Various types of quantitative models (or operations research models) have been used
to help determine the best facilities location. Let uswdescribe a few models that are
simple to understand and powerful encugh to give ¥me good answers that could aid
vou in taking a location decision. :

Median Model . 5

Let us discuss the simple median model which is based on the assumption that the
mode of interaction or the path of movement/transportation of load is donc @ a
rectangular/rectilinear pattern. The movement is similar to the movemént of ‘rooks’

PP 2 chess board. Thus all movements are made horizontally along and east-west
and/or verﬂilly in a north-south direction. Diagonal moves are not considered. You
EBuld refer to Figure II for a diagrammiatic portrayal of the rectilinear path. The
paths I, II, [il and 1V 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 between the points A and P is however unique and it is

mathematically stated as . )
Dr = Rectilinear Distance = |x—a,| + | y—b;|
Figure 1} : Rectilinear Model Illustration
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1
gnw there would be some interaction by way of say the annual number of loads to
be moved between two reference points. We could safely assume that the
lransportar.ion ccn 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 ‘telescopic’ schemg
of rates charged in actual practice by Indian Railways. The total lransporl:il:on cost is
ohtained by adding the number of loads to the times the rectilinear dlstance is
maved.

m
(TC) Total Transponation Cost = _E LixDi

Where L. is the number of loads to,be moved between the new facﬂny to be locatod
and the ancillary cxlstmgr fécﬂlly (say raw material sources or market distribution
outlet points), D; ¢ rectilinear dlslam:: between a new facility and i" existing
- facility an&“ ﬁ‘ {ﬁnbr;,r of ancillary existing facilities.
s (U] SRy AGIDAM 2

i

w90 =8

_Thus as a location analyst, wmitsseatially want 1o determine the ‘least transportation
cost’ location solution. The simple'median model can help answer this question by
using these twe steps.

i) Idefify theffiedian vallé of the total number of loads moved.

fi) Find tHe-X-coordinate va.lue of the existing facility that sends (or receives) the
medigh' Ibad°and ™

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

The x and‘y values found in steps (ii) and (iii) define the desired optimal (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, S| and S3. It would be sending its finished products to two
distribution points, Dy and D2. The coordinate locations of the sources and
distribution points are shown in Figure I11 below.

Figure I1I : Sample Problem Data

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

Total Annual No. of
Load L, Moved
To/From New Facility-N

Y B - ‘—"3'( (40, 60)

From S, To New Facility 60
From §; To New Facility 70
From New Facility To D, 40
From New Fadility To D, 50

$
——X

(0350 }
N0

x.Y)

S

e

I T

1(30, 10)

b




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 .
When the total number of loads js odd, the median load is the middie 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 (i) Let us now determine the ‘3t-coordinale of the median load. We could
place in an ascending order the x-co-ordinates of the existing facilities viz. it is jugt
going horizontally from left to right in Figure III. Thus the order of the existing
facilities would be as S, S, D, and D3 having annual loads of movement of 60,
70, 40 and 50, respectively. Loads 1 to 60 are shipped I;;: sour ﬁ:S}; q: =10, Loads
61 to 136 are shipped by source S at X2 30, Since *:He'medfan 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 (jii), we can determine the y-co-ottiate 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, S, Dy and D, '
with annual movement of loads to the tung of 70, 60, QQand 50, respectively. Loads
1'to 70 are shipped by source & 4 Y2 = 10.'Loads 71 to 130 are shipped by source Si
at Y1 =50. Since the median loads (1O and 111) fall in the interval, 71: tqc 130,
therefore Y =50 is the best Y-coordinate location for the new facility.

-

T the optimal best location for the new manufacturing facility ls (x=30, y=50).
L<;cation at this point minimises annual transportation costs for the above production
distribution system.

-
Now the total transportation cost as explained earlier on is TC = i§I Li. Di
and as Di is the rectilinear distance

i

TC= % [Li |x-ai| +|y-bil]
=1

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:

60 13010 I+ 150-501]= 60 (20+10)=1200

70 [130-30 1+ JSU-IDI% = 70 (0 +40) = 2800
ili - -601] = =800

¢) Cost for New Facility to D, 40 (13040 |+ 50 -601] = 40 (10+ 10)

d) Cost from New Facility to D: = 50 [130-601+150-70]] = 50 (30+ 20)=2500

TC=(a) + (b) + (c) +(d) = 1,200 + 2,800 + 800 + 2,500
viz TC=7.100

a) Cost for S; to New Facility
b) Cost for S: to New Facility

nwonowon

-




Activity C
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)?

e i R
The medidn model is very aﬂﬂl&m prefate. 1t could suffer from some inajor
disadvantages such as: e
. siiliogd . -
i) It assumes that only one sy ier_\ﬂ w 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,

iii) the median model is valii'l’l_when the m{)_vemem 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

ith respect to the fixed ancillary existing facilities like source suppliers (S1, S2 etc.)
ﬁ:dism’bmion points (D1, D2 etc.) for which each type of product consumed or
is known. Let us use the same data as that of the median model and thus let us
refer to nure 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 shotr ~st
distance between any (wo reference points,




Thus De = Euclidean Distance :-[(x-a,‘)2+(y-u,,-‘ :

Thus the teial transportation costs in thjs case are

Tcu {Total Lransportation cost) (Euclidean case) = ¥ (LiDiy
P

m
iz TC, = & I (/x-a;/2+/}'~b; / 2}
i=]
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 lechiniaite is best Visualised as a series of strings to which
are attached weights corresponding to the loads ‘weights of raw materjals
consuimed/despatched at each source and of finished gciods sold/received at_each e
distribution point/market. The strings are thrédded MrdUg holes in a flat plglh
metallic sheet; the holes correspond to the ancillary fac]ilil locations. The other ends
of the string are tied together to a small conceimic'?i'ﬁga. g'f{'e 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 thar this model is

Varignon frame does suffer on account of friction. Banwe and ¥rat have devised a
superior electro-mechanical analogue model, the details of which are given in Figure
IV. The electrical analogue depends on making an appropriate electrical series circuit,
The resistivity of the wire in resistance per unit length is synonymous to the
weights/loads. Due care and precautions have to be taken for preventing short
circuits by appropriate insulation devices. I 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




Cigure IV : Analogue Model-D:‘uils
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Thus for our example under discussion now from supply sources S,, 5, to the new

“ facility
PR
T L=60+70= 130

_);:! (Liay) = (60x10) + (70x30) = 600 + 2100 = 2700

and from new facility to distribution points Dy and Dz

‘T (L)= 40+50=90
i=1

i=

2
.EI (Lj aj) = (40x40) + (50x60) = 1,600 + 3,000 = 4,600
i=

2

2
E]Lia. (source-new facility) + EI La, (New facility — distribution points)

X ==
¥ L (sources-new facility) + ¥ L, (new facility — distribvtion points)

i=1 i=1]




Emilarly y can, be determined on similar lines from supply sources 1o the new facility

2
E (Lj bj) = (60x50) + (70x10) = 3000 + 700 = 3700
and Fror‘h the new facility to the distribution pdints

I (Lb) = (40 x 60) + (50 x 70) = 2400 + 3500 = 5900
= 4 .
Total load _Z! Li = 220 as before

‘2 1 gollyd — “y
_El Lb, (sources-new fac. -+ .‘:l L.b, (nm_fac.—dislribm poipts)

i=

Hence y = 3 =y T ”
¥ L (sources-new fac.) + ¥ L, (Ne%'ffac-distributiom\points) §<
i=1 is )

oy 3700 +5900 9600 o | :
YT Thove oaw - BN 4

“’ms the gravity model solution is 10 locate the new facility ayra p@ht (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

Q1 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 Euclmn (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 110de of
interaction between the new and ancillary facilities. It is quite possible that the
location soh#’on could be highly sensitive to the mode of interaction.

You would have noticed that we have only discussed the location problemns dealing

with just a;hgle new facility and also what is termed as a minisium objzctive of
e

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
q::tories, warehouses etc. *

ere are quite a few operational research techniques that aid the location nalyst.

me of these are linear programming, transportation along with, heuristic
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 locatiorf
measure of the objective and subjective factors. We illustrate the procedure with the
help of an example,

1
Step-1. First of all identify the factors that deserve to be included in the sxugjc,.-%d
determine which of these must be absqlutely 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 factors, are labour, marketinn utilit'ies and taxes. .
Now for the subjective ractggs._(h__esc cpuld include housing, recreation and competition

Step-2. Let us derive an objective facl% (OF) for i'"" location site by multiplying that
site’s rupeg QQSA_&Q.@N the sum of; theggeciprocals of all the costs £ (1/C)), and
take e iversgok Wi MigdisE: :

Viz OF s, for 6, >0/l

. b

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

~ Annual costs ingthousands of Rs.

Site (i) . Total Cj
Labour Marketing Utikities Taxes

1 248 181 74 16 519

2 211 202 .73 8 503

3 230 165 90 2 506

3 H1/C)) = 1/519 + 1/503 + 1/506 =0,005891
OF) = (519 x 0.005891) ~ | =0.3271
OFy = (503 x 0.00s891) ~ ! 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 (1. ) 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 (I .Sa)

“le 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 indifferent between the two factors,
1 point each can be assigned as seen in decision 3 while comparing factors B and C.




Comparisons > =lon

Faclor - Sum of Factors
1 2 3 preferences Rating (1)
A: Housing 1 1 Z 2/4=0.5
. B Recreation 0 1 1 1/4=0.25
C: Competition 0 1 1 1/4=0.25
Tatal 4 Lo

Next each of its factors A,-Besnd C is then-evaluated for site preferencés ih a simila}
manner

Factor A:Housing Factor B: Recreation
Decisign B . Decision
e T2 3 sw se T3 TT sy
1 1 0 0.33 1 0 0 a
2 0 1] 1] 2 1 1 067
3 I 1 0.67 3 ¥ 0 033
Factor C: Competition - +Somgmary of subjective factors
Decision ) _“M@L___ Importance
Site r 2 1 Sck Factor 1 H 3
| [ T 0.25 A 033 0 0.67 05
Ty B 0 .25 B [ 0.67 ©.33 0.25

300 A I 0.50 C .25 0.25 0.50 0,23

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

SF) = (0.5 (0.33) + (02D (O + (0.25) (0.35) = 0.2275
SF2 = (0.5) (@)  + (0.25) (0.67) + (0,35) (0.25) = 0.2300
SF3 = {0.5) (0.67) + (0.35) (0.33) + (0.25) (0.50) = 0.8425

I

Suﬂalr Now depending on the parfigs concerned would depend a weightage (X) given
to the objective versus subjective factors. Let us  say we give d two thirds weightape
to objective and only one third weightage o the suhjective factors.

Viz, X = 0.667.

Step-5: Assuming that ail sites that failed 10 meet the mimimum levels set for (he
eritical factors it step-1 have been eliminated for the refmaining sites, a composite
location measure (LM;) can be obtained as follows:

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

LMj = 0.67 (0.3271) + 0.33 (0.2275) = 0.29423
LM = 0.67 (0.3375) + 0.33 (0.2300) = 0.3021
LMz = 0.67 (0.3355) + 0.33 (Q.5425) = 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 woukd be preferved.

i

Bridgeman’s Dimensional Analysis

As has already been observed, while selecting plant locations, we want to optimise
different objectives whichi are interrelated but cannot be represented in the same
dimensions. The location decision can be raken 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

Factors Weightagé of
5) S2 S3 S4 faciors

F Xn X12 X13 X14 Wy

] X21 X X23 X4 W3

F3 X31 N3z X33 X34 Wy

Lt i st
where Xy r=rutility of ha!- ing. m plam in h)‘.amn j with respect to the 1" 1acios.
The utility values could be put-in Rs. . for, the quantifiable cost oriented factors whilsi
(he nhon-quantifiable non-cost fagiors are wn:ked out by using a rating scale.

In this method we compare pa][-\ﬁse Ipcauom in ratic with each other. A ratio R, a
dimensionless quantity is then obtamed as follows:
say we compare sites S and & -,
s ‘ Preference for location 1
HenceRy =« —
Preference for location 2

Vilul R, = )_x{%)wa w (;};_:)Wz x ‘g-:-:')w‘l

If Ruz =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.

All [Lustrative Example

Factors 5 Sz Weight
Building cost and 2500,000 1500,000 4
equipment costs
Taxes (per yr.) | : 250,00 100,000 4
Power cost (per ¥r1.) 100,000 150,000 4
Community Attitude 2 4 1
Product Quality 4 6 5
Flexibility to adapt to 5 30 2
situations

(M)* « (2000 )‘ ( 100,00 )‘ N (g)'

Hence Ri: = \T5007500 100,000 150,000 4

< () x (%)

viz. Rz =0.02. As R;z< 1, hence location site 1 is better-than location site 2 and is
theretore selected. LY




4.7 SOME CASE EXAMPLES

By now we have had quite an exposure to qualil_alive, s:mi-qualila_tive, ql:gnj:ta:ve
and analyrical techmigues which could aid in taking a proper IDC'EIIOI'! de' ‘sion.
location decision is quite a difficult and complex problgm especially in the context
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/administratc_:rs of the country over
the years. Almost about 50% of factory workers are found in Bombay and
Calcutta. In 1951, 42% of factories were in the above two cities _where 67% share
of total industrial capital was invested and 63% share of industrial workers was
engaged. Such tendencies of cemralisatic_m are bcc;au;e of factc.)r_s of ?gglomerztltnon.
Agglomeration refers to'the advamages-ga*rne‘d due-‘m'pr_*oducngn_b.emg. made, less
expensive due to the concentration of indl.ls!r1es:. In the lvndustrllal field, one c_a_nw‘ [
easily note the clustering/grouping together/Igealisatien of the jute 1!-|du.sm' in Wes
Bengal and Textile Industry in Bombay and Apm_g?a!a?d. I:Iowever. if due :c]))]any
son, the industrial unit is either unsugcesst_'\.u o’r"!f)ﬁle d]fﬁ.c.ul§ !abaur pror ems
p up, then there are a lot of subsequent hardships. 'A_lso with t.t_1e QOIIEI vu g ;:fw
of war and safety, the concentration of industry might not be a wise decision. The
concentration of industry leads to the accumulation of un.reaso_nab_le'amount fJf
workers which in turn creates crowded conditions, pollution, housing, schooling

B — MY
After indefendence, the government is trying to bring about a regi(;na'i balance in
#ndustrial location as reflected in the Industrial Policy resolutions that favour
persal/decentralisation (because of the advantages of deglomeration factors).
anced growth of all the areas or judicious dispersion of facilities in all the.
ions enables the nation to utilise both human and physical resources more
eifectively and efficiently. Agricultural, mineral and other resources can properly be
tapped. Moreover,employment opportunities would be more equitably distributed.
e needs of a particular area or community 1+ould also be served, It would foster
national unity and check regional dissatisfaction. The North-Eastern Region has
en neglected for quite some time. It is now being given its due consideration.
eral problems of a socio-economic nature such as, acute shortage of housing and
ential 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 tinie.

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. )

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




Fertiliser Industry: The main feed stocks for the fertiliser industry are gas, oil or
naphtha and coal. Here gain the fertiliser plarits 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 Sirdri based on coal are examples. In
the case of naphtha or oil based plants most of the facd stock requu'ed is imported
and hence, the plants are located near the ports.

Mangnlore Fertilizers at Mangalore, Madras Fertilizers at Madra.s, FACT at Cochin
and Hindustan Fertilisers at Haldia are the relevant location exampl

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
such as Bangaloze,. anbay,'Calcutta‘ Ludhlana etc.

Nndear Power Smicms- The SBIQCan and evaluation of sites of nuclear power plant
throughout the world ha\y,lggcmae increacingly difficult in recent years as pressure
from various socictal - segmsgnts;, has resulted in strict consideration’of the
institutional environmental, safety, socio-economic and engineering factors affecting
qe siting, construction a.mi operation of such facilities. A comprehensive site

ection process presents a formidable task to the decision makers. The site selectior
methoc}glggyf combines se]ectwe screening Lo narrow down the search area and a
classification and rating scheme to rank siting possibilities in order of preference for
detailed consideration.

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—hydrology, geology, land use, meteorology,
accessibility, transmission lines, demography topography.

¢) Candidate siting areas scrcening;e_coldgy 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
ﬁ‘ing considerations are listed below:

a) Institutional—required service data or on line availability, system reliability
requirements, size and number of units/sites, scarch area boundancs

b) Engineering—safety—geology (seismic), hydrology (flooding and efﬂuem
disposal), demography, meteorology.
Functional: cooling water availability, geology (foundation, soil characteristics),
accessibility (people, materials and components, transmission grid).
¢) Environmenial—Ecological sensitivity (site, transmission corridors, site
environs): terrestrial, aquatic. Land Uses: (compatibility) dedicated lands,
areas ol historic and archaelogical significance, water quantities and qualmcs,
climatology, demography, aesthetics.
Economic—Land costs, cooling system alternatives, site preparation C()STS:
geology and topography, transmission line corridors, site: dictated special
engineering safeguards,

d

=

€) Socio-economic: Land owner dislocations, competitive use of resourc‘es
(water and land), community attitudes and _public acceptance, economic
influénce on existing life styles.




It is essential m conduct detailed sludles for-the potential impact of nuclear power
: plant operat:on upon the natural characteristics of the ecology and envifonment.
Many electric generating facilities have been located along the banks of rivers etc,
. 'so as to strategically ui']lse readily available cnohng water for plant condenser
needs. It is importarnit'to plan for efﬂuem dlsposal S0 as 1o minimise pollution
whether it be in lhe air, water or soil.

4.8 SUMMARY o

+ In lhls unit. we have dealt with an important slrategﬂ. long term.and. non- rcpellme
problem namely the facilities location problem. The traditional-fastory/plant
location concept has enlarged to include nor-manufantyring? enterprises; service
industries etc. You would have realised that facilities location depends on a large

miber of factors, some concerned with-tlie géferal {erritbry selection whéteas
some factors that are relevant for site/commurity*3€1&ion. A large number of
methods are proposed that include subjective, qudlltff#e, semi-quantitative and
quantitative models for facility location. Locational brcak -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 foF the ‘Eutlidean norm have been
outlined. Some composite location measure models like the Brown and Gibson’s
model and the Bridgeman™s dimensional analysis have been ¢xplafied” A brief
mention of a electro mechanical analogue model for solving Weber 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 centralisation/
concentration of industries.

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 reference points by a
straight 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 considering 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 "

. 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 opcraiiona! efficiency that can be-cbtained is only 60%, what effect would
this have on the site you had delermmed earlier on? o

2 An equipment supplier has collected the fo]]owmg data on posslb]c plant

locations. Costs Argir lu }’%‘% (- RET. Year.

ne P Si

n:)] Site R
Rent and utilities " RS 20000 Rs. 24) Rs. 30,000
Taxes 4,000 3.000 2,000
Labour oo ~1,60,000 1,80.000
Materials 2,60,000 264,000 2,54,000
Community service Good . Poor Avcraée
Community attitude Inditterent Indifferent * Favourable.

If you were responsible for making the decision on the basis of the information
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 substa.ns 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
Incatinn decisions?How would vou go about conducting the location study?
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[UNIT 5° FACILITIES LAYOUT AND
| __ MATERIALS HANDLING

Objectives
Afler 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 :

o comprehend the procedure for designing the layouts in a systematic 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 layouts
o 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 handling 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 Plant Layout Factors

5.4 Layout Design Procedure
5.5 Flow and Activity Analysis
5.6 Space Determination and Area Allocation

5.7 Computerised Layout Planning

5.8 Evaluation, Specification, Presentation and Implementation
5.9 Materials Handling Systems
5.10 Materials Handling Equipment
5.11 Summary

5.12 Key Words

5.13 Self-assessment Exercises

5.14 Further Readings




5.1 II\‘ITRODUCTION o

Importance and Function _

Facilitics layout refers 1o an aptimum arrangement of different facilities including
man, machine, equipment, material etc. Since 2 layout once implemented cannot be,
easily changed and costs of such a chapge arc substantial, the facilitics layoul.is a )
strategic decision. A poor layout will result 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 plant layout can hardly be over
emphasised. 1t is a-crucial function that has 1o be performed both at the time, of
initial design of any facility, and during its growth, develonment and diversification.

—
The problern of plant layout should be seenn relation 10 overall plant design which
includes maay 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 developments including:

e change in product design '
introduction of new product

obsolescence of facilities

changes n demand

L

market changes

& cumnpetitive cost reduction

e freguent sccidents

o adoption ¢ new safety standards

® decision to build a new plant

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

«Plant layout is a plan of, or the act of planning, an optimum arrangement of
facilities, including personnel, operating equipment, slorage 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 ohjectives of a geod plani layout are as follovss:
i) Overall simriliﬁcalion of production process in terms of equipment utilisation,

minimisation of delays, reducing manufacturing time, and better provisions for
maintenance.

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

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

iv) Saving in floor space, effective space utilisation and less congesiionfcun!'usion.
v)  Increased output and reduced invenlories-in-process.

vi) Bertter supervision and control.

vii) Worker convenience, impraved morale and worker satisfaction.

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

ix) Minimisation of waste and higher productivity

x)  Avoid unnecessary capital investment

xi)y Higher flexibility and adaptability to changing conditions.




Types of Layout Problems

The facilities layout problems can be classified according 1o the type of facility
under consideration e.g.

i) Manufacturing Plants )

ii) Commercial facilities, e.g., shops, offices, Barik 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 etc.s i Lt

According to the nature of layout problem, it can be categorised into four 1ypes a:
follows:

Planning a completely new facility i . .
‘Expanding or relocating an existing facility .. Yo snnaa -

Rearrangement of existing layout -
Minor modifications in present layout

Flow Patterns : . ERHI

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 are briefly explained below:

() I-Flow
(b) L-Flow

)

|
-

{c) U-Flow .




(d) S-Flow ’ (¢) O-Flow
Figure | Flow Pattern

1-Flow: separate 1eceiving 1d shipping area.

L-Flow: when straight line flaw chait mﬁc accommodated.

U Flow: very popular asa combmuon of receiving and shipping.

0 Flow: when it is desired tp g{.gmwate lhe flow near where it is originated.
Serpentine or S-Flow: when ihe production line is long and zigzagging on the
pro iuction floor is required.

Activity A
Can you identify th flow pattern in the layout of facilities you work in? .

: ..... ......... /

5.2 BASIC TYPES OF PLANT LAYOUTS

Depending upon the focus of layout design there are five basic or classical types of
layouts. Most of the practical layouls are a suitable combination of these basic
types 10 maich 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 tfrom one operation to another rapidly with
minimum of work-in-process storage and material handling. A typical product
lavout is shown in Figure 11 (a).
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The decision to organise the faci"ties on a product or line basis is dependent upon a
number of factors and has many consequences whiel should be carefully weighed.,
Following conditions favour the decision 1o go for a product focused layout.

1) High volume of production for adequate equipment utilisation.
ii) Standardisaticn of preduct and part interchangeability, '
iii) Reasonably stable product demand. :

iv) Uninterrupted supply of material.

A i
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

i) 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
typical process layout is shown in Figure 11 (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

1
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r%utes through the system, volume of each order, and the processing requirements of
tRe items. .

1 i
The major advantages of a process layout are:
i) Better machine utilisation
i) 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 mas:
production wifhi 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 ~

functions for a group of products. A typical cellular layout is shown in Figure 11 ()

Product C Hardening

Tempering
Product A

Shaper

Drilling
[ _Boring

Product B — = |~ - — — =
Milling

Driling . _

Honing

Product D ——

Figure 11 (c) Cellular Layout




~ Job-shop Layoit

Mis a layout for a very general flexible system that is processing job production. The
Zieparation of such a layout is dependent on the analysis of the possible populations
of orders and is a relati-ely, oo_mplex affair. . )
I’ri)jecl or Fixed Position 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, tools, machines, workers etc.
are brought and assembly or fabrication is carried out. This type of lay§R is now not:
used very commonly as the machines required' for manufacturing work are big and

e _ ey [
B ——h ! i

’ R . —
complicated. The fixed position Liyout is used only when it is difficuli to mave the.
major component and fabrication is to be cartied tuhg.g. production of ships. -

me of the major advantages of fixed position layout are as follows:

—
i) The handling requirements for major unit are ‘minimised.

ii) Flexible with reference 1o the changes in product design.

iii) High adaptability to the variety of product and intermittent cemand. .

iv) The responsibility for quality can be pin-pointed. Jbe ol snidae:
v} The capital investment is minimum. Al

A typicai fixed position layout is shown in Figure 11 (d).

.__Machine |
Ham_:lllng Machine 2
Equipment .
Main
assembly
Tools O Wor ker

O Worker

Figure 11 (d) Fixed Position Layout




.o B ey H 3 +
Actvity ' ic type of plant layout int the facility you work in? {1t

Can you identify the bas ok I
optimal‘?,Wouldlsomc other type oflayout than the one currently prevailing mjyour

facility be better?

I'he fixed position laygut is wsed ideally for a project situation i.e. f_or one product
of a different type. Ad#the quantity increases the production operations can be broken
dawin foreydifférent work centres aind material can be allowed to move rather than

(heiblhinies.and a process layout is preferred. With further increase in volume i.¢.
with mass production the advantages of production ling can be batier derived. and 2
product layout is desirable. The break-even analysis comprising the production

volume of the three basic layouts i.c., product, process and fixed position layaut is

shown in Figure HI.

Figure T1l: Breakeven Point Analysi of Rasic Types of Layouts
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?.3 PLANT LAYOUT FACTORS

The design of any layout is governed 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 equipment 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: Includes permanent and :emporary storages and delays-and
their locations. .

vi) The service factors: Include service relating to employee facilities such as
parking lot, locker rooms, toilets, waiting rcoms etc. service relating to materials
in terins of quality, production control, scheduling, despatching, waste control;
and service relating to machinery such”8s maintenance.

vii) The building factor: Includes outside and inside building features ana 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 considerations 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 II  General Overall layout
Phase 11l Detailed layout
Phase 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

ili) Material requirements should be central (v the planning of process and
machinery.

iv) Modify the process and machinery by dificrent factors o aan the layout.

mugh there is alwitys an overlap in the differemt phases of layout design the major
steps that have to be followed in the layout design arc outlined as follows: '

i) Statement of the problem in terms of its objective, scope and factors to be
considered.

ii)  Collection of hasis day
schedules, part lisi-
layouts, building dr

i) Analysis of data and it prese:

'

ales ferecasts, production volumes, production
ngto oc nerformed, work measurement, existing

g

wation i the form of various charts.

!




iv) Designing the production process
v)  Planning the material flow pattern and dzveloping the overall material
handling plan. '
vi) Calculation of equipmeit requirements und 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 (4]
- xiv) Development of Block Plan
xv) Development of detailed layouts in terms of steps (vii) 10 (xi)
xvi) Evaloation, modification and checking of layouts
xvii) Installation of layouts
xviii) Follow up.

The S.L.P. (Systematic Layout Planning) procedure as presented by Francis and
White (1974) is shown in Figure IV. We sec that once the appropriate information
is gathered, a flow analysis can be combined with an agtivity analysis to develop the
relationship diagram. Space consgalions when combined with the relationship
@lagram lead to the construction 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.

Input Data and Activities k

ERERREE

2. Activity

Y- Flow of

Materials Relationships. 3
2
]
€
3. Relotionship | :
Diagram
& Space %. Space
8 - .
Requirement Avsilable
6 Space
Relationship
Diagram
HP - ra
7. Moditying 8. Practical | 4
Considerations k Limitations 3;
9. De velop
Layout
Alternativi
— o e - — e — = e m— c
E]
. o
0-Evaluation ...:
w

Figure 1V: Systematic Layout Planning Procedure

5.5 FLOW AND ACTIVITY ANALYSIS

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 cffort but an ongoing fanction. The data for overail plan is o be




. . a
collected at initéal stages whereas ihe vata lor detailed layouts may be obtained al a
later stage. THe facts have (o be obtained revarding various materials and processes,
the flow routing and sequencing, space reguirements, and different ac_i'iw:ilies and
relationships. 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.

.

Table 1
Information Required about Materidls and’.Processes

y Required ) Source of, Data
Product roduct size, weight and shape  .Product, engincering,' quality control,
Specifications * Quality requirements Special . imgpection R L

properties R
Production Meyliber of different items . Sales -department, market research,
Volume (product mix) Quantity of n:ag!i_ pmd]fcfion planning

item per unit time Varation
in output Variation in demand!>" -+ v

Component Performance times for o Pidduction Planning.
Parts all operations v time study department
Vanation in performance .

times

Sequence of fabrication

Operations

Sequence of assembly

Operations

Types of machinery

required

Source: Moore, ].M. 1970. Plant Layout and Design. The Macmillan Company: New York.

Procass 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 sequential manner including
information regarding time, location etc. ’

iy Flow Process Chart: The arrangement of facilities in a production process
govern the flow of product and vice-versa. Thus the analysis of flow 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 location 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. It necessary a three dimensional flow diagram can be developed, particularly




\n case ol multi-storeyed buildings. This helps 1n developing the activity relationship
diagram which when superimposed by space relationships results in block plan. - -
Travel Chart T P
It is also known as From o Chart.. This chart is helpfut in analysing the overall -
material flow. It indicates ¢ distance and number of moves between different pairs

of departments taken as o 3'n and destination. A typical travel chart is shown in

Figure V1. The travel chart is 22ipful in the process type layout design; but in

product layout, it is not important. It indicates the relationship between different
departments in terms of material interaction. Attempts should be made in layout

design to put those departmeni§ close to each other which have high level of

material interaction so as-to minimise the materials handling requirements provided
other objeciives are also safisfied. In most of the practica! situations, it may be
difficult to achieve the 1Ihcoret':cal optimum, but the close t possible solution to the

optimum should be approached.

The travel chart s’umma.r.ises.ghi: Idata on material handling in compact matrix form,
which is amenable to compul’éf: applications also. Further, the information
regarding the bulk of material handled, mode of material handling, material
handling equipment etc. ‘may also be listed to make it more informative.




Analysis
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Figure V: Low Process Chart Summarises The Flow and All Activity of A Component Through 1ts
Manufacturing Process )




r;snfglbrg‘rg Drilting “r’:;c "[":;;" lects| ‘e';f;: Total
Casting 7 110 4 4 3_ |10 38
Forging 3 S 2 6 16
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Fromti* Machining 4 5 2.| 6 17
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Electic 4 4
welding | ~ ?
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Mij - No of moves from ith to jth department
Figure V1: 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

The sum ¢’ each row should be equal to the sum of each column indicating that the
aumber of .obs entering to department and leaving the same department arc
equal. This puts a check on the continuity of the system. However, this is not true
i 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 aidsin determining activity locations

jii) It alternates flow patterns and layouts can be compared .

iv) 1t 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. > o

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, I-lmportant, O-Ordinary,
U-Unimportant and %-Undesirable. A typical REL chart is shown in Figure VIL
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Electrics

OXDOm

Welding

>

Absolutely essential
E  Essential

C)O(:Cbmh

Inspection

{mortant
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O  Ordinary

U  Unimportant

X Not dessiable
Figure ViI: REL Chant i

Activity C o
Develop Process charts for some activities of your organization,

Application of Quantitative Techniques o

The techniques of Operations Research can be applied to quahiitatively analyse the
layout problems, particularly in terms of material flow. Some of the important
techniques that have been applied by difierent researchers in the ficld of lavout
planning are as follows: :

1) Linear Programming

ii) Transportation Algorithm
iii) Transhipment Problem

iv) 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. Transporiation and assignment
problems are special cases of Linear Programming. Further, to meel the multiple
objectives of layout planning attempts have also been made 1o 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

In the layout planning process the space s illecated to different activities. The
requirement of space by a facility bears i1 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 approach is suitable when the Praposed layout is to be developed for an existing
product.. While determining 1the space, consideration should be given 1o space
requir.d for




' @ operating equipmeint
® storage

. service facilities

L uf_!_eralors

Allowance must he made for space berween machines for operator movement, work
in-process, access ol materils handlers, mainienance personnel ete.

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 cquipment is considered for space calculation. The
departmental spacg.js calculated by multiplying it with the number of production
centres in that department.

e it

Work Place Layour’

The details of the arrangements at a work centre is {0 be provided in terms of the
machines and auxiliary cquipment, operator, tools, miaterials and auxiliary services.
The procedure for work place desizn is as follows:

i) Determination of diggetion of overall flow

ii) Determination of the:desired direction 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

1 Method of waste disposal speciflcd

viii) Sketching the material handling eguipment

ix) Checking the arrangements against the principles of motion economy
%) Marking of distances between itciis

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 planning. 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 1ype 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. )
'(fa;iﬁuler programmes are generally either construction programmes Or improvement
programmes:




i} Construction programmes (CORELAP Computerised
Relationship Layout Planning)

(Successive selection and ALDEP
placement of activities) (Automated Layout Design Programme)
ii) Improvements programmes CRAFT.

(Computerised Relative Allocation 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 concerned with the construcuon 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 movement
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 absolutely
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 o.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 alternatc
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. If 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, forms the matrix to the programme.




A second set of input data allows the user Lo enier 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 neutratised by entering 1.0 for all costs i the
matrix. :

Space requiremenis are the third set of input data for CRAFT. These 1ake the form
of an initial or an cxisting layout. For new area layouts, best guess or even
completely randor: layouts can be used. In any case, activity identification
numbers, in & quantity approximate o iheir space requirements, arelenlered in an
overall area of contiguation. The location of any activity can be fixed in the overali
area through conirol cards CRAFT limits the number of activities involved in the
layeni 1o a0 o

s§ EVALUATION, SPECIFICATION, PRESENTATION
~ AND IMPLEMENTATIO!

“Piot Plan

1t'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 separaie detailed drawings of the layout. The plot plan is presented in
the form of a drawing or as a scaled model.

Block Plan

A block plan is a diagrammatic representation showing internal partitions of
departments (Figure H). columns and arca allocation but not machinery, equipment
and facilities. This is.usually presented i 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, cdiuman spacing ete.

Detailed Layout

It is a diagraminatic representation of the arrangement of equipment operator and
materials along with the arrangement of supporting activities. The detailed Jayout car
be constructed by utilising any one of the following methods

o drafting or sketching
# templates
e models

A template is a scaled representation of a physical object in a layout may be of 2
machine, workman, material-handling equipment, work-in-process storage elx.

Models are three dimensional representations of the*physical objects which give depti
to the layout i 1d make 1t 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 be attached to
the backing material by using various fastening devices such as glue, stapies, rubber
cement, thumbtacks, magneiism etc

Checking the Layout

The layout finally developed should te checked for
® overall integration

o minimum distance nove

« simooth flow of e product

@ space uulisation

& employee satisfaction .ad salely

o flexibility




ii* An .ral report
i) A W:itten report

When the final layout is approved it is installed in a number of phase, and itis
needed to prepare

@ detailed drawings s

® precise specifications of production and materials handling cquiprﬁem '
o detailed listing of all equipment and utility requirements

® actual plans and schedule of construction and installation.

The la?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 previcus 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 Functions

In order to perform the activities of materials handling the basic goal is to minimit
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.

ii) To increase the production capacity by uoothing 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
Barts and 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 ali? 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 eic.)

iv) How? And Who? Specifying the method in terms of the handling unit (load
support, container, weight, number etc.), equipment, manpower, and physicad
restrictions (column spacing, aisle width, conjestion etc.)

Bﬁsic Materials Handling Systems




The {lexibil:y gould be introduced in building and services by providing
_unobst.ucted floor area and in equipment by mounting them on wheels or skids.

Activity D ) - -

Choose amajor facility or your organzation and develop detailed layout for the

Evaluation of Layout YRR
The evaluation may be done of an exist wout or of dn alternative layout. The

pasis for evaluating tc layout might inciude:

the objectives of layout planning

cost comparizod with other alternatives

rerurn an investment

intangible factors which must be evaluated on the basis of judgment.
productivity evaluation

space cvaluation

ranking

pilot plant

sequence demand-straight line-consideriig the scquence of operations on a
@ricty of parts. ) . .

«)  Factors analysis by wc“rgh_ing'vnrious factors according to their importance,

The optimising cvaluation can also he done by using Gperation Research Techniques
such as -

@ Lincar Programming
o Line Balancing
a Level Curve Concept

Mathematiczl models express the elfectivenyss of fayout as a function of a set of
variables which can be evaluated. Some other mathematical techhigues of evalvation
are: .

a nMonte Carlo Method
% Queuing Theory

® Engineering Econamy
e Analogues

These are noi discussed in details here,

Instaliation of Layoul
The laveut is presented in the following ways:
iv The Visual pr econtation of the lavout itself, supplementary details and facts and

arpplementary chart and displays.




_5.10 MATERJALS HANDLING EQUIPMENT

After the sinplification of the handling method the selection of equipment is,
wnporiant with respect e the different objectives of speed, efficiency-cost ¢tc. There
are both the manual and powered kind cf handling equipments. Some of the typical
handling equipments are shown in Figure VIIL. 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 (&) point over fixed paths, wherz the primary funiction is conveymng.
Commonly used eguipment under this category are:

i} Belt Conveyer

i}y Roller Conveyer
iii) 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 mening varving loads intermittently between
points within &n area, fixed by ihe supporcng and binding rails, where the primary
function is transterring or elevating, Some common examples are:

i) Overhead travelling crz

iiy Gantry crane

iii) Jib crane

iv) Elevators

v) Hoists

vi) Stacker crane

vii) Winches

viii)Monorail

Figwre VIH: Materisl Handling k.quipment

D -

Ry

(a) Belt conveyor (d) Mobile crans




ie different material handling systems can be classified according to the type of
cquipment used, material handled, method used or the function performed.

Equipmeni-Oriented Systems: Depending upon the type of equlpmem used there
are several systems.:

i) Overhead systems

ii) Conveyer systems

ii} Tractor-trailor system

iv) Fork-lift truck and pallet system
v) Industrial truck systems

vi) Underground systems.

Material Oriented Systems: These may be of the following ‘types:.

i) Unit handling systems . e
ii) Bulk handling systems - e %}\.’1
iii) Liquid handling systems o

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 etc. Such.a systcm is more flexible
and requires less investment.

Method Oriented Systems: According to the method of hnndlmg and method of
production, the material handling systems can be:
i) manual systems

ii) mechanised or autoniated systems

job-shop handling systems, or

iv) mass-production handling systems

Function Oriented Systems: The systems can be defined according to the material

handling function performed as follows:

i) - Transportation.systems

i) Conveying systems

iii) Transferring systems

iv) Elevating systems

Selection and Design of Handling System

The selection and design of the material handling system should be done alongside -
development of the layout as each one affects each other. Hence, an integrarcd

approach to the design process is usable. A computerised technique known as
FAD (Computerised Facilities Design} has been developed for integrated

andling system and layout design. Thé steps to be followed in_the selection and
design of handling systems are as.follows:

i) Identification of system :

i) Review of design criteria and objectives of the handling system

iii) Data collection regarding flow pattern and flow requirements

iv) Identification of activity relationships

v) Determining space requirement and establishing malena] flow pattern

vi) Analysis of material and building ¢haracteristics

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 considering various tangible and intangible
factors

ix) Selection of the besl suned 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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(b) Roller conveyor
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(c) Mono rail _ _ () Fork Wit truck

Fadustriai Trucks and Vehicles = 7 T —

These are hand operated ar powered vehicles vocd for movement of uniform or
smixed loads intermittently ever various paths having suitable running surfaces ar.
clearances where the primary function is manoeuvering or transporting. These
include: : :

i) Fork lifr iruck

i}  Platfatehiruck

i) Industriai tractors ana.araillors
iv) Industrial cars '

v) © Walkie fruck

vi)  Two-wheeled hand truck pf rrolley
vii}) Hand stacker :

Auxiliary Equipment.

| 2 fi !, . oy .
These are devices or attachmeris used with handling eduipment to maj - their v. -
maote effective and versalilc,,Sﬂu]\'Fp<3mmon examples are:

i) Ramps -
ii) Positioners

ii) Pallets and skids

iv*  Pallet loader and unloader

v}  Lift truck attachments

vi) Dock boards and levelers

vii} Containers

viii) Below the hook devices

ix)  Weighing equipment




Activity E .
What is the materials handling system used in your organization. Does it offer scope for
improvement?

5.11 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, celjuiar, layout and fixed position layout. The factors to be considered in
designing p! antfl'éyoul are outlined as man, material, machine, movement or flow,
service facilities, building and flexibility.’ ' .

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 diagrammélic 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, e.g. plant,
stores, L ank, hospital, machine, equipment, service centre €ic.

Flow Diagram: A sketch of the layout which shows {he 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 of procedure in terms of sequence of operation, transportation.




uispection, delay and storage.

. Materials Handling: I{ 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.

Piot 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, sfbragr: areas, parking lots etc,

Process Layout: Also known as functiona] layout groups together the facilities
according to process or function in a department,

Product Layout.. Also known as line layout I == 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 represcntation of a physical object in a layout may be of 4
machine, workman, materials handling equipment, work in process, storage etc.

Travel Chart: It indicates (he distance and number of moves between different
departme\nl.‘.. taken as origin and destination.

'5.13 SELF-ASS_ESSMENT 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.

4 What is the significance of travel charts in layout design? Prepare a ravel chart
for a hypothetical engineering concern with five functional departments, i.e.
foundry, forging, machining, welding and inspection. Given this travel chart

(4] proceed to find the locations of different departments.

5 Pow can the relationships of different departments be considered in preparing a
ayout? Prepare a REL chart for the different departments of a typical hospital,

6 What is Systematic Layout Planning?
7 What are the different factors that you will consider in determining the space

requirement of a particular facility? Allocate the areas to different departments
considered in exercise 4 and develop a block plan.

8 Outline the basic logic used in CORELAP, ALDEP and CRAFT. Can the
layout 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 :

After going through this unit, you sh‘oul_d: ‘
.. understand the concept of capacity ahﬂ_ how it is measured

e be aware of the unique problems of capacity planning for services
e Know the steps involved in capacity planning
L ]

be familiar with the various methods available for predicting long term ca_paci:y
requirements

® gappreciate the special' difficulties encountered in predicting the demand for new
and other ouiputs having a highly uricertain growth rate

recoéﬁi%é the factors involved in genergiting alternate capacity plans

have a feel for economic analysis of different capacity plans

identify the issues involved in analysing the strategic effects of alternate capacity
plans.

Structure e

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 reguires 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~y rsgarding making up of some temporary shart-falls in capacity e.g. by
use of ovrtime 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 steategic issues necd 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
noi 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?

Capacity is quite an illusive concept and in.many cases;has to be ciu;aliﬁe‘d;'ﬁprthcr.
Thus, we find that words like designed capacity, installed capacity, rated capacity
and so o are often used. These concepls arc based on how we define the capacity
of a facility. [ '

L LA S P
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:){‘_nﬁﬁ a productive
unit can be increased without really building new capacity. For example, by working
for seven days a week instead of six, or resorting to overtime work, or working twa
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 transformatign 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
various sub-processes. The same can also be achieved by subcontracting when it is
feasible. One ca1 su beontract the complete production as well as subcontract only
those jobs for which enough in-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 unjt in thousands of television sets per month and
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 extrem 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 organisaiions whose output is a service of some kind, the capacity can be
measured using e 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 upit of time for a thermal power plant or number
of insurance policies serviced per year for an insurance company. Similarly, when
the service pr_o_(@u._ic_--.:q is heterogencous, it can be exprésscd by the availability of the

limiting Fgspurce—¢.g. man hours per week for a bank branch, tonne kilometres for
a trucking gompany and so on.

However, service organisationsﬂypicaﬂy face a problem in capacity planning
because of the fact that their output-cannot 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
side 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 €x-

tended?

-

6.3 PROCESS FOR CAPACITY PLANNING

In brief, the process for capacity planning involves the following eight steps:
1 Assess company situation and environment o predict future demands,
including the possible impact of technology, competition and other events
2 Determine the available capacity
3 Translate predictions into physical capacity requirements
4 Develop alternate capacity plans for matching required an
5 Amnalyse the economic effects of alternate capacity plans
6 Analyse the risks and other strategic consequences of alternate plans

d available capaci\y-




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 net )
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 easy to quantify in most cases. The steps listed above
highlight the irﬁpo_rfance of both quantiiative (step 5) and qualitative (step 6)
analysis, '

6.4 PREDICTING FUTURE CAPACITY " LA
REQUIREMENTS | ,

b

Any capacity plan that we prepare is heavily dependent :t:‘;‘i:dﬁ)-;ss_essmenri’j‘f‘t_hé '
likely demand of our outputs. However, preparing long-rdrigé forecasts of derhand-
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 difficuli 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, el b

Multiple Outputs

If a productive upit is producing many outputs, then for predicting future capacity . -
requirements, the demand for each of these outputs has to be forecast. These
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 ahy 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 flexible as compared to the ones which have been designed for
specific outputs using continuous flow processing or process industries.

Mature Quiputs with Stable 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 forecasts of the demand of an output are made by using causal
forecasting methods like regression analysis and econometric models or by using




preqictivc methods like Delphi, market Surveys, Historical analogy and life cycle
analysis or else by using non-formal methods like edecutive 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 regressign 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 2 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
Isimullaneously. 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 ehminate 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 2 series of written
questions to the experts along with the feedback by the other experts. This process
is continued for several rounds. However, 2 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, 2 similar exercise is 10 be carried out for each of the
outputs and when added, they provide the capacity required throughout the
planning horizon. 1f the outputs are not homogeneous, this mighl mean different
capacity requirements for each sub-process. -




Table 1
Projected Capacity Gap or Slack for a Muitiple Output Organisation

Capacity, units per year

Current .
1987 1989 1991 1993 1995 1997
Predicted Capacity Requirements .
Output | 10000 12000 14500 17500 21000 25000
Output 2 5000 6500 8500 11000 14500 18500

Machine Shop Capacity
(Output | 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 — — — ~ —
(Gap) or Slack - (3500) (8000) (13500) (20500) .+ (28500)

In Table 1 we show h less in -

e of a multiple outpu. wigasauu, wors vuipu 1 RAd £ FEGIUTS some machine
shop operations and then some d@ssembly operations. Howgler, ezch unit of output
2 requires twice as much machining as a unii of output 1. Un {he other hand, both
the outputs require the same amount of assumbly shop time for cach unit. In Table
1, the capacities of both the machine shop and the assembly shop have been
expresséd terms of units of output 1 using the above mentioned ratios. For
EBample, in 1989, predicted capacity requireinents are of 12,000 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 ouiput 1, the total capacity requircment of
machine shop in 1989 would be equivalent to (12,000 + 2x6,500) i.¢. 25,000 units of
output I.

In Table 1, we have predicted the expected capacity requirement for outputs 1 and
2, and used these to find the capacity (gap) or slack. One can also prepare the
optimistic and pessimistic predictions.

Rlew Outputs and Prediction of Demand

ais exceedingly difficult to prepare reliable long term demand forecasts for new
tputs 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
ﬁ 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 [fjediction 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.
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Table 2
Projected Capacity Requirements on Expected, O ic and Pessimistic Bases

L4

Capacity, units per year

Current .

1987 1989 1991 1993 1995 1997

Expected Capacity . ‘
Requirement 10000 16000 25000 38000 58000 3000
Opiimistic Capacity ’ o
Requirement 10000 20000 - * 35000 60000 6000 1450007
Pessimistic Capacity ’ T ’
Regquirement 10000 14000 19000 24500 32000 42500

e

Uging the capacity predictions. of Table 2, we can easily work out the capacity gaps
or slacks in different sub-pracesses. 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 hm 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 (o come
true.

o Tabie 3

Mmmmnorﬂhehiwmmmmm

Capacity, units per year
Current

1987 1989 1951 1993 1995 1997
Predicted Optimistic :
Capacity Requirements 10000 20000 35000 60000 96000 143000
Machine Shop -
Capacity 13000 —_ —_ - —_ -
Machine Shop Capecity
(Gup) or Slack 3000 (7000) , (22000) (47000) (83000) {132000)
Assembly Shop
Capacity 10000 - - - — -
Assembly Shop
Capacity (Gap) or

Slack — ooy (25000  (30000)  (86000)  (135000)




. Table 4
Projected Capacity Gaps or Slacks for the Peesimistic Prediction

Capacity, units per year

Current

1987 1989 1991 1993 (908 1997
Predicted Pessimistic .
Capacity Requirements 10000 14000 19000 24500 32000 42500
Machine Shop '
Capacity 13030 — - - — —
Machine Shop Capacity
(Gap) or Slack 3000 (1000) (6000) (11500) (19000} (29500)
Assembly Shop
Capacity (Gap) or .
Slack - (4000) (9000) (14500) (22000) (32500)
Activity B .
Prepare capacity forecast for your organisation. Which activities or, processes or-

. . . N . . e - [N in

sub-organisation will pose slack (or gap) situations? i

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 n Capacity Increments
hen there is a growth in predicted demand of a product, the important question is
ow much of capacity has ttn)e 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,

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 paxt or all of the transformation processing to

Facilities Planning




Dutsliders 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
“ensiveness of use.

By making use &l these alte: aate sources of capacity, one can reduce the cost of
carrying alfligh capacity along with reducing the risk of not using the capacity built.
Alternate capacity plans may have capacity gaps which would be met from these
alternate sources of capacity.

Cost-Yolume Relationships

For a given capacity, unit cost of production decreases with higher volume as the
fixed cost gets spread over a larger volﬂle. 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.

Bconomies 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 uniialthough 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 p]ant. :

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%—50% 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 so s is t0 absorb some lost sales. However, lost sales always amount 1o
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
rmanenl. :

Althauglnast sales are not found in capacity plans of commercial organisations,
capacity could B perenially found to be below the requirement in case of many
rastructural facilities. This could be seen in power, public transportation,

ephones, water supply and other facilities. Even for commercial organisations,
nuen 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 gros 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 addition of anticyclic outputs makes it- possible to have better capacity

6.6 EVALUATION OF fali.;'i’ ERNATE CAPACITY PLANS

The alternate capacity plans developed will have to be analysed to find the one
which is most desirable for our purpose. This involves a quantitative analysis 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 as many strategic effects flowing {rgm
capacity plans all of which cannot be quantified precisely. That is why thére is a
Ed for quantitative assessment of the risks and nther strategic conscquences.

onomic 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 finished product). ’
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Fconomic Analysis for Outpuis with Highly Uncertain Demand
Growth )

When the demand growth is highly uncertain, the consequent cash inflows from any
capacity plan are not reliabie enough to make any conclusions. in 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 oul 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 alternate plans. Both the alternatives and the uncertain
outcomes are shown on the decision tree. Probabilities are assigned to each of the
unccnéh')’rm_itcomcs and finally, the tree is folded back 1o find the best capacity

i Uritégy“which re$ults’in the highest value of some criterion like the expected NPV.

"¥hen 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 @,

can never be predicted exactly. Thus, therc is always some element of risk ore..
any planning process..What-we have said above is that the risks are high the case
of new outputs than in the case of mature outputs with stable demand. .

Lf 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 even: we are likely to sufter from an under
capacity. We should unalysc the likely corsequences of both overcapacity and
undercapacity.

In each of the following situations the organisation may plan for having arm
overczpacity 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 Lo 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 are perceived by the trade very negatively and may
amount to a more than proportionaie 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 establishing 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 stralegic consequences from thg an
undercapacity or an overcapacity and what is important is to assess Now these
influence the competitive ability of the organisation.

6.7 SUMMARY
__r

We have looked at the process of capacily 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. .




We have listed arnight step process for capacity planning. One of these relates to

prediction of demand in future. We have discussed some of the methods
milable 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
1o assess the probability distribution of demand infuture for new outputs and others
where the demand growth is highly uncertain.

"'While génerating 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
cffect of lost sales while generating capacity plans.

Both quantitative and qualitative analyses have their role while analysing the
alternate capacity plans recommended for implementation. Whi!g_g%ma}.tive
analysis looks ‘at the direct economic consequences emapating from a capagiry plan,
qualitative analysis evaluates the strategic consequences of ending up with,gver and

6.8 KEY WORDS > o
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Alternate Capacity Sources: Sources which increase the normal established capacity
of any pmduclivenlit by increasing the intensiveness ofits use e.g. by using
overtime, hoiiday work, additional shift, etc. or by subcontracting the whole or a
part of the processing. . s

Capacity: The limiting capability of a produciive unit to produce. ...

Capacity Gap: The shortfall in capacity available 10 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—urit 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 demand growth of an output by comparing its
growth with the product life-cycle of a similar output. . .

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. 1o find facts and attitudes towards an output or any of its
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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ic meant by intensiveness of use of a productive unit and how is it relevan
cstablishing its capacity?

2 Service Organisations usually have to be provided with a higher capacity than
the annual or monthly requirement. Why?

[

What do you think are the apjaopriate, methods for predicting future

reguirements for:

i) <‘ement

i) Colour television sets

iii) Pre-cooked noodles

iv) Petroleum

4 Eslablis_l{s‘g't!l'g.n 3-!}‘}?&,““}.’.‘1 cgp:a.g_ity and,managing with alternate sources like
ovErtiinE, additional slgi_f‘ﬁ..'afxd subcongracting is always a low-risk strategy.
Comw“;ﬁn‘t_.

5 Electronic toys are slc ly, bacomipg papular in the Indian market. The

manufacturing process is rel m;y;simpla and primarily involves the assembly of

many bought-out components. Aggembly capacity can be added in relatively small

units and is not very expepgive as the assembly operations are highly labour

intensive.

If you were 1o formulate a capacity plan for five years for a unit which is in the

business of manufacturing 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?

6 There arc no useful quantitative forecasting models for long-term prediction of

future requirements (True/False)
7 For mature outputs with stable demand growth, the capacity gaps are uniform
across all departments or sub-process. . (True/False
8 In some situations, absorbing lost sales could turn out to be more economical than
installing new capacity. (True/Faise)
9 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 different
kinds of production systems based on material flow characteristics i.e. Mass
Production (Unit 9), Batch Production (Unit 10), Job Shop Production (Unit 11),
and finally planning and cantral of unit manufacture or projects (Unit 12). Thus
problems of balancing of assembly lines (Unit 9), optimal layout, aggregate
productien planning, machine-job allocations, ‘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

di d. Unit 13 di the problems of Maintenance Management.
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UNIT 9 PLANNING AND CONTROL FOR
MASS PRODUCTION

Ohjectives Adfter 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
Lo | .. .
As you alrcady 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 many 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.

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 equipment (cach unit is capable of doing a variety of
jobs). The project, like the flow shop, requires a sequence of opcrations, excepl that
the sequence lacks repetition. Fuch project operation is unique and scldom 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. Bateh production and its problems are discussed in wnit 10, while job shops
and projects are handled in units 11 and 12 respectively.

9iB)




Nature of Mass Production )

It was Henry Ford who in 1913 introduced the “assembly line' and the notion of
‘mass production’. It is erroneous {o think that mass pfoduction means production in
millions or for the masses, though this may be ap outcome. Mass production refers
{o the manner in which a product iy produced. “Fhis involves the decomposition of

the total task into its minutest elements (shown usually on a pruc.cd;:'ncc “dhagram)
andthe subsequent regrouping ‘of these slements 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 production
requires that all like parts of an assembly line be interchangeable and that all parts
be replaceable, characteristics which permit prodution and maintenance of large
quantites. he o

The assembly line is a production line'where material moves continuously 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
applianges TV sets, computer assemblies and toy manufacturing and assembly. A
diagrammatic sketch of a lypiéa'! asst!ir}'}blylline is shown in Figurel. The arrangememt
of work along the assembly line. will very according to the size of the product bemg
assembled, the precedence réquirc'r‘n'ént's, the available space, the work element and
the nature of the work to be pér:'fnrmeld'on the job.

“Figure 1t A Typical Assembly Line
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Material movement between work stations could be manual, as for instance when
e previous operator,

operators sitting in a row pick up the part from the output of th
work on it and leave it in a bin to be picked up by the next operator; of through the
use of conveyors, which carry the part at a predetcrmined 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 CONVEyoTs.

It may be of interest 10 note that assembly lines could have varying degrees of
automation, starting from the purely manual on the one hand to the “ully automated
line on the other. However, the underlying principle of the assembly .ine «nd mass
production remains unchanged, although the labour content may be reduccd through

robotisation. 3

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
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preduction wfould 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, production could be sustained. 1f 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 cconomics of the matter would have'td be
evaluated before deciding as to whether an assembly line.is justified or not. This is
illustrated by the following example. - i .

RATIORE
" L

Example 1 ' o

a manager of a plant you have to determine whéther you should purchasea’
Bmponenr. part or make it in the plant. You can pirrchase the item at Rs. 10 per
picce. With an investment equivalent to an annial fixed cost of Rs. 20,000 and a
variable cost of Rs.2.50 per piece an assembly ling'¢an be set up to manufacture the
part. A third option open to you is to make the part 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
ploy an assembly line for production) is simplified by plotting a cost vs. quantity
art for these options. If Q is the quantity purchased or produced then total cost
uals 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 11 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. '




igure 11: Costs of the Three Alternatives
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Activity A -,

Think of situations in your dafly Tife where alternatives of the above types exist. Can
you analyse thern using break-even analysis? L

.

¥

..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 smeoth 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 I11: Kinds of Flow Patterns

(a) Straight or. 1 flow " {b) L -flow




() U-flow

-

[ (d) Circular or O~ flow .

(&) Serpentine or S - flow O ¥
2 Since the work from one process is fed directly into“the next, small inprocess
inventories result. - Uy, : ! 5

3 Total production time per unit is short, = " it

4 Since the work stations are located so as Lo‘minhjniié distances between .
consecutive operations, material handling is'reduced:

§ Little skill is usually required by operators at the production line; hence training is
simple, short and inexpensive. R—

6 Sim roduction planning and control systems are possible.

7 Less space is occupied by work in transit and for temporary storage.

Disadvantages ’ .

| A bicakdown of one machine may lead to a complete stoppage of the line that
follows the machine. Hence maintenance and repair is a chnllengjngjob.

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. .

0

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. .

4 m;ervision is general rather than specialised, as the supervisor of a line is looking
after diverse machines on a line. |

5 Generally high investments are required owing to the specialised nature of the
machines and their possible duplication in the line. )

9.4. NOTION OF ASSEMBLY LINES AND
FABRICATION LINES

It igmuseful to consider two types of line balancing problems:

i) assembly line balancing, and
i) fabrication line balancing.

The distinfBn 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. Thaﬁsembly 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 characteristics .
of the product involved. Machining or heat treatment would fall into operations of
this type. :




Although there are similarities between the problem of assembly line balancing and
that of fabrication line balancing, the problem of balancing a fabrication line or
machine line is somewhat more difficult than the assembly line balancing problem. It
is not so easy to ditide 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: | c ‘
changing machine speeds 43

using slower machines on overtime . ..

providing a buffer,of semi-finished patls at appropriate places

usitg, meshaisalAwicean divanting pacts:

methods improvement.

9.5 DESIGN OF AN ASSEMBLY LINE

" D 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 félatively 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 the
balance delay. ‘Balance delay’ is defined as the amount of idle time for the entire

assembly line as a traction of the total working time resulting from uncqual task
(ime assigned to the various stations. .

Kilbridge and Wester altes studying the variation 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 element times

i) a large amount of inflexible line mechanisation and

i) indiscriminate choice of cycle times.

However, as we shall see, the cyele 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 dope 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 more 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. '




T Figure 1V Precedencé Dingram fir™s 5 Assembly with 12 Elements
[N .

on

Duratio

ElemenL_@l

gram may be the result of technological
posed by layout, ‘'safety or convenience,
the grouping of work elemems mlo

ihe ordering dictated by the precedence dia
restrictions on the process or constraints im
The precedence diagram forms the basis for
work stations.

Activity B
Fora job like mending the puncture of your I:ucyc‘le tyre’ 1den11f_y the work elemems and

daw precedence diagram.

Grouping u@asks for Work Stations and Efficiency Criteria
Depending on the desired production rate of the line, the cycle time (CT) or-the time
between the completmn of two successive assemblies can be determined. This
determincs the conveyor speed in the assembly line or the time’ al]ocated to each

operator to complete his share of work in a manual line.
The individual work elements or tasks are then grouped into work stations such that

i) the station time (ST), which is the sum of the times of work elements perforrncd
. at that station and should not exceed the cycle time, CT.
ii) the preoedcnce restrictions implied by the precedence diagram are not violated.

re are many possible ways to group these tasks keeping the above restrictions in

ﬁd and we often use criteria like line efficiency, balance delay and smoothness

index to measure how good or bad a particular grouping is. These criteria are
ined below:
1 Line efficiency (LE): This is the ratio of total station time to the product ef

the cycle time and the number of work stations. We can express this as
2 ST,

LE =— 1 »100%
(K) (CT)

where :
S T; = station time of station i

K = total number of work stations
CT = cycle time.
2 Balance delay (BD): This is a measure of the line inefficiency and is the total
idle time of all stations as a percentage of total available working time of all stations
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BD = ® €D

Balance delay is thus (100-LE) as a percentage. .
n index to indicate the relative smoothness

smoo! i S1): This is itive
3 Smoothes Indes G2 A smoothness index of 0 indicates a perfect

of a given assembly line balance.
palance. This can be expressed as:

SThmax = [maximum station time
o e " §F, =siation time of stauon’
K =total number of work stations.

mber of work siations, K

. o emnbly line the nu
be noted that in designing an assembly lin n integer such

¢ in fa isa
E:la:lnac;t excced the total number of work elements, N (in fact Ki
that 1<K <N). Also the cycle me is greater than or equal to the maximum time of

any work element and less than the total of all work element times, that is

N
T <CT = ET,-
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
procedures 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 lecessors 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 =dence diagra work elements. In the precedence
diagram, lis. in volumn I all we that need not follow others. In
column 11, list work elements th Jlow those in column . Contint

the other columns in the same way. L, & Onstr’ +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




sCT= E T, .
L im . .

3)  Assign work elements to the station such that the sum of elemental times does
BT exceed the cycle time CT. This assignment proceeds from column I to 1l
and so on, breaking mtr;a column ties using the criterion of minimum numbcr
of predecessors.

4)  Delete the assigned e]eQOs from the total number of work clements and

- repeat step 3. \

5) If the station time exoeeds the cycle nme T’ due (0] "the inclusion of awcertain
work element this work element should be assigned to the next station.

6) Repeat steps 3 to S until al] elments are assigned to work stations.

1

i + v

Example 2 ’ \ vl
Let us, for illustration, use the Kijbridge-Wester methm‘] to balance the assembly line
with the precedence diagram show‘n in Figure 1V.

. L
First of all, the 12 elements are assigned to columns as under

element | iq column ) » I

elements 2 and 4 i# column . ;‘_',J I

elements 3and 5 in column m )
clement 6 Ir'l column - | v S A
elements 7, 9and 10 . in column : v R
elements 8 and 11 in{column © VI

element 12 ' in‘column - v

This is dlagrammaucally shown in Figure V. Suppose, we want to balame the line
for a cycle time, CT=1Q. We count tfie number of predecessors for each work
element anY record it in Table |. Work element | is selécted first because it has the
least number of predec=ssors. Thequre we assign element | to station 1. Either
i
Figure V: Grouping of Work l“.lt'*ncms into Colundns for Kilbridge-Wester. Method
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Qment 2 or 4, each of whicn nas 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 I,
otherwise the station time will exceed 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 T
! 0 5 .
2 | 3
3 2 4
4 | 3
2 6
5 -5
6 2
7 6
9 L] 1
Y] 6 4
i 7 4
i2 1 7
coaram 2
% Table 2
Assignment of Work Elements to Stations (Kilbridge-Wester Method)
Station Element i 3 Ti Station sum ldle time
1 5 8 2
1 2 3
4 3
A 5 6 9 ]
3 4
11 6 5 -9 1
7 2
9 1 7 3
v 10 4
8 6
v I 4 10 0
vi - 12 7 7 - 7‘
The line efficiency (LE) = x 100%
6 x 10
= 83.3‘7"0
Balance delay (BD) =16.7%

Smoothness index (SI) = VA+1+1+9+9
: N Y T+

That the-solution obtained above is not the aptimal solution can be seen by making
some adjustments in the solution of Tabl 2 v vield the solution of Table 3 for
which the cyele time is equal 1o 9 and the fizures for line cfficiency and smoothness

index are:

- S0
LE = 100 = 02.6%
6 x O




Thble 3
Revised Assignment of Wark blameids 10 Stations (Cyele Time = 9)

T srations i Station sum Idle Time
| ~ ’ 1 8
- - - -
1l § ¢ 9 0
N 3 4 .
m 6 5 9 ¢
7 B 2
v 8 6 hd
10 4 |
v 1 4 8 t
9 1
V1 12 7 Ll t
-

This should cause no concern, for the Kilb‘?idge and Wester
procgdure wh{.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

other heuristic procedure to be discussed below .
Helgeson and Birnie Method: :

method is a heuristic

This method proposed by Helgeson and Birnie is also known as the ranked

positional weight technique. It consists of the following steps: =~

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 1o 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 suc:reding ranked operation to the work station, as long as the
operation do-s no: wiate ¢ precedence relationships and the station time doe

not exceed t' iy ¢ ime. .
6  Repeat steps =0 ocatil o0 ' ments are assigned to the work stations,
Example 3

Let us take up for illustration the nalancing 7 the senie assembly line considered
previously by the Kilbridge-Weste - method. :*r.: :ne ¢ cedence diagram shown in
Figure IV, and a desired cycle tinie of 10, we - .2 can . ruct the table of positional
weights of all elements as Table 4. For exan:". the j vitional v ight of aperation 6
equals the maximum of (5+2+6+7), (5+1+7), (3 5+4+7) = 20, since there ape 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

eleme: ts shown in Table 5 . .

The line ficiency and smoothness index for this assignment is: ’
. ) 50 .
Line efficiency = x100 -
6 %10

=83.3%




(Or equivalently, the balance delay = 16.7%)

Smoothnessindex = Va4+141-+ 16+4
=V26=5.09

Table 4
Positional Weights for the Work Elements
e O
: Positional Weight, PW
o

Table 5

Assignment of Work Elements to Stations (Helgeson and Birnie Method)
Station Element i Ti Station sum Idle time
| 5
1 4 3 ] 2
2 3
1 5 6 9 1
. 3 4
1 6 ] 9 I
7 2
v 10 4 6 4
® 8 ]
v 1 4 10 0
9 1
vi 12 7 B 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




operator’s part. Even in the case of muchine operations, the set up or positioning
time of the part or components could icad to random variations in the individual
work clement 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

ii) the reduction of the average production rate of the line,

In designing lines for random work clement 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: -

i) efficient maintenance service so that the broken down units are repaired and put
into service as soon as possible. T Yo s \

ii) 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. o

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 V).
See for instance Elsayed and Boucher.

Figure VI: An Assembly Line with Buffers s 4 Multi-stage Queneing System

queue queue queue

in N — ——— —— out

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
work stations. But when similar products, in which a large percentage of the tasks
are common, have to be manufactured, the possibility of the same production line
for the products can be explored. Since tasks are fixed within stations, once
balanced, it should be apparent that station times and line efficiencies will vary with
the products being produced. A great variety in these efficiencies might dictate that
separate lines be utilised. In case a multi-product line is to be designed a common




precélienice diagram must be develaped. For instance precedence diagrams for atwo
product case are shown in Figure VIL. For a cycle time of 0 the optimum solution
is shown in Figure VIIL Notice that the line efficiencies are 73% and 100% for
products | afil’2 respectively. A computer assisted approach.for multi-product
Stochastic Liffé Balancing is de jb_ed by Bedworth and Ba_ﬂ_'eyA .
Loss of efficiency over single proguct line but gain in equipment effec.iveness is the
fade off that must be evaluated the, mixed product line balance. . -

Figure V1I: Precedence Dingrams for a Two Product Line (3) Product 1, (b) Product 2, (¢) Combincd
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Figare VI 1 Work Station Assignment for the Two Product Assembly Line
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Group technology: A: manufacturing philosophy in which similar parts are identified
and grouped: togettter to take advantage of their similarities in design and
manufacture,

:.-~ Job shop: A manufacturing system in which similar machines and equipment are
clubbed in departmsents and cach job handled takes its own route, (Generally used
for low production wolumes with: great product variety.)

Line. balancing: The problem of assignivig tasks to work stations in an assembly line
in.a way that the task times for all 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 production: A manufacturing systém based on intérekangeable parts and the
concept of the division of labour to produce generally.large: quantitiés-of a- product
through successive operations/assemblies carried out at ‘a.sequence of work- stations
in an assembly line. '

Modular production: The principle employed ity Widular production is to design,
develop and produce the minimum number of padesaor operations fcalled ‘modules”)
that can be gombined in the maximum number of ways to offer the greatest number
of products or services,

Precedence diagram: A diagram showing the elemerital tasks and the order in which
they may be performed. This specifies the technological and other redtrictions that
must be respected while designing an assembly line.

Praduction system: A means by which inputs (iike men, machines;. materials, money,
information and energy) are transformed into useful goods or services,

Project: A typical production System where production is infrequent (often, only
once) characterised by a number of related jobs to be done with precedence
restrictions.

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,

Werk Ae!emen_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_ saa_lion: 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, '

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 producc 2 reasonable line balance.

3 Design an assembly line for'a cycle time of 10 minutes for the following 10 work
elements




Elements 1 2 3 4 5 6 7 8 9 10

Immediate

ircdecussnrs — 1 23 4 4 6 5 18 9
Duration in minutes 5 10 5 2 7 5 10 2 5 -1
Use :

a) Kilbridge and Wester method
b) Helgeson and Birnie method

Calculate the line efficiency, balance delz;y and smoothncss- index in both cases.
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 baffer? oo
b) too small & buffer? ,
Suggest a method by which the op‘tihy'a}‘_lrr‘jﬁuﬂér quantities 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. '

7 Consider the following situation: .
A toy manufacturer'ipién'ds 1o '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 I 2 3 4 5 6 7 R 9 10 1 12 13 14 15 16
Immediate

P s 1 215 3 4 512 6l6 1 B 9 1014 11 8 13 1 5
Standard

times (hrs./pe) .14 01 13 a2 01 .0 07 06 A7 7 20 a7 .03 .09 .20 .05

a) Draw a precedence diagram for the assembly of toys

b) Design an assembly line suitable for the toy manufacturer

¢) Computerthe line efficiency, balance delay and smoothness index for your design in
(b) above.
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{c)  COMBINED,

9.8 MODULAR PRODUCTION AND GROUP
TECHNOLOGY :

One criticism of manually operated assembly lines has been that they reduce a man
10 a merc cog in a machine. Surely you can imagine the boredom, monatony and
fatigue of 1 man who spends all his time tightening the same bolt on a part in an
assembly line. It has been found valpable to,enlarge the scope of work of the worker
so 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 prodacis’sharing that particular
mudule. This job enrichment results in greater job satisfaction for. thi operator by
reducing the monotony of the job and giving the operator a sense of accomplishment
for asscmbling a complete module. .lr;mnd.uwlelr‘%(?gqciion we tend to specialise in
the production of particular parts of Activifies hat can they be included as
components of more than one product cr serwidexsl he rea:%n for wanting to achieve
such 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. -
Group technology provides anather 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.

For illustrative example of assembly lines using modular producti(in and g;‘cup
technology refer to Salvendy. .

_ =y
2.9 AUTOMATION AND ROBOTICS Nt »,

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

ing 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 load 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.

'

1gB) '
=y




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 ofa
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 2 robot falls
under the heading of ‘flexible automation’, as opposed to ‘hard’ or dedicated
automation. '

lndustrmobdls comprise three basic components:

| The manipulator (of arm), which is a series of mechanical linkages and joints
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 the actuators on the arm. The
power source may be elechrival, 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 a.fx__s}gmlgly, drilling and routing, inspection,
material handling, machine loading, dig'g_z‘a'stif‘lg and 'a variety of other applications.

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 of flow production are discussed and conditions favouring the
installation of such 2 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—the 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.

-————

-'____________-—:——__———t—-—_-{
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9.11 KEY WORDS

" Assembly line: A sequence of work stations where parts or components of a product
are progressi\'cly 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 asserpb]y_line. It/
would equal the time of the bottleneck operation o the maximum station tme.

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 facili'ﬁcs are
arranged on the basis of product flow (generally used for large production volumes
and less product variety).




UNIT 10 PLANNING AND CONTROL
SRR FOR BATCH PRODUCTION
aj_ectiv&

After completia of this unit, y(;)u should be able to;

¢ understand the nature of batch production and the circumstances under which it

is ‘used ! . vy
¢ appreciate that batch size determination, sequencing and scheduling are the major
problems in batch production,- vt o

® determine the optimum batch sizes for sipgle and -m-l._l‘-l‘li;p;ogipct case produced on
a single machine

® appreciate the problems of a'ggregaw prod_h:tion planning and master schedule
determination R Ll
" . RSP . Lo Lo
® get an idea of material requirements pféanmng and its function in an organisation
3-Pann

ars o . el T P
® become familiar with the line of balance as a valuable tool for monitoring and

control in ballqproduclion
® become aware of new developments like Kanban and Flexible Manufacturing
Systems. .

Structure
10.1 Introduction
.2 Features of Batch Production
103 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
BS Summary | |
10.9 Key Words ) \
10.10- Self-assessment Exercises N
10.11 Further Readings

10.1 INTRODUCTION

Ehen 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.




stream of orders has to be processed on common facilities of
\on centres, each job having its own unique specifications and reqt;m(::hen;s
ction N v ique specttic ! o
i " { production resources. A job may constst of a single item or a.bal
m leTfns e The scheduling problem here is concerned with seting the _scguenoe
Wentical igms. The scheduling Prr = aroduction centre . N :
. vi vasiUus PIULICILS 1IN DALCN production we shall, in this unit, address ourselves

fn job production 2

= the problem of determining optimal batch sizes ' mos

» aggregate production planning ) . .

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

some recenf Gancepts in batc) and Discrete Parts Systems.

10.2 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 ulilisati(aof 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. (6

i) 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 result.

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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10.3 ;ll(%\l;' TO DETERMINE THE OPTIMUM BATCH

Single Product Case
Igtuconﬁdguﬁmaﬁmbnhenvdwﬁmofaﬁnshpm&ngq;muhimuﬁder
the following set of assumptiens.

® there is acontinuous demand for the product at rate D units per year

® production rate for the product is P units per year (P > D)

. mupmwbnchofmonﬁudnA(mdepmdenton)

¢ unit variable cost of production is C per piege: . :

Figure I Single l‘mduci Model with Constant Demand Rate und no Nhnmgu

Inventory

level
Imox % Fall ot
rate D
i ar rate
> | P-E
Tp ¢ Time
Cycle T

. iﬁvemmjy_ carrying cost per unit per year (Rs./unit/year) = h = i C where iis the
annual inventory carrying cost rate
+® poshortages are ailowed.

Figure I'shows the c,haugc ininventory level within a cycle T. When production starts
at point a, the inventory leve| will increase at a rate P-D (can you see why?) until the
maximurh is attained at point b. The inventory level will decrease at a rate D during
the rest of the cycle till peini c.is reached at which a new batch of size Q is initiated
and a similar cycie ensues. ' .

It is easy to see from Figure I that

T,

, = Q/P L0

Time to préducc alotQ

L}

Maximum inventory level Inax = Tp (P-D)
- = QP(P-D)

= Q(—-D/P) . {10.2)

The total cost is built up of two conflicting components—ghe set up cost (which
favours large batch sizes) and the inventory holding cost Eich favours small batch
sizes). Our approach, therefore, [fJto 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
mathemau_cally determine the optimum.

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 )




= A+CQ+hnTI .. (10.3,

where | is the average inventory over the cycle T. . i

“The average inventory I over the cycle T may be determined from Figure I as the area
of the triangle abc divided by T S o

[ = |f2 T I"IHX
T
i i .
= l3% Q (I- D/ P)(utilising equation 10.2) .. (10.4)

The total annual gost TC(Q), is obtained by multiplying equation (10.3) by the .
number of orders.per Year,: D/ Q. By substituting h=iC, we obtain
ANeDah 0w 9TE oL oooant ¢
AD B
TC (Q) = —+CD+iCI . ... (10.5)
AR 916 '
Figure 11: 1R R Cont us 0 Funetion of Batch Sive

Annual cost
| “of set ups = AD/0Q

/ Total cost TCIQ)

RS I LT
[k>1) kTCmin jy/
TCmin ;
rAnaual holding
it e U 2L

o
! Annual item
i cost =C0

n

P~
1 1
ak 0¥ Batch size Q ;¥
Substituting for I utilising equation. (10.4)
AD ic
TC(Q)=—+ CD + — Q- D/P) ... (10.6)
Q 2 .
d TC (Q)
———— = Dyields the optimal batch size Q* as
dQ
o = 107

The total annual cost &uation 10.6) is plotted in Figure 11.

The optimum batch size Q* determined from the above equation 10.7 may have to be
modified in practice to suit procurement. storage or machine capacity constraints
which have been ignored in the abave model. Figure 11 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 TC,; 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

Extend the model discussed above to include the case when, 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 P

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 oI each item independently. Extending the model for the single product case by

including a subseript j for the jthproduet (j=1,2....... n) we have for the total annual
cost (analogous to TC(Q) in eqn. 10.6):

v

TC(Qu, Qs ... Q) = ), (CD; + i(’)—wlc;—.c"n—n,/f:,-)) .. (10.8)
: i

i=1
:»\s seen from Figure I11 a feasible schedule can be generated with acommon 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:

Tpi+Tpot oo+ Ty < T ... (10.9)
Figure T11: Production of Multisle Batches on a Single Machine with a Common Cyele

|- ) T [

—

Inventory

F"——‘-*——-I °0000 -1-_-—-‘ Tll'l'IE

Since the time required to produce the batch of jth product ="I‘F‘I = Q;/P; and because
T = QyD;, condition 10.9 may be expressed as:




>y D; D,
-t +on + — =1 ... (10.10)
ry P;

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 indicat? 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.

a

We can convert the annual total cost expression of egn. (1.8} into the following by
using Q;=TD; ;

K A i G . D
TOT) = 2 (¢ Dy e N = (011

T- - ; P
- 1=t b

By means of the assumption of a common cyele time we have in cuect only one
decision variable (T).

) Cd (T .
The optimum T* can be found by putting - T = 0, which yields

o ’\/eiw (y,6,0,0-D/F) o
i=t ’ ‘

Or.ce T* is obtained the optimum batch sizes Q*1, Q*,, ... Qq" can easily by found
cutbyusing Q;* = T*Dj, J = 1,....0.
Example 1 ]
A company is concerned with the production of four products on the same equipment.
The relevant data is shown in Fable I.

4) Determine the lot sizes of the products individually

" h) What would be the difficulty in schedning the above “optimun” 1ot sizes on the
machine? -

¢) Under the assumption of a common cycle time, determine the lot sizes.
a. Tuble 1

Relevant data for four-product production on a single machine

Froduct Demand rate

Production rale Inventory Cost Set up

(units/year) (units/year) Rs./unit/vear cost (Rs.)
i D, P, i C A,
e ———
1 1500 12,000 Rs. 50.00 Rs. 90
2 1134 5,000 Rs. 108.00 L 210
3 2016 6,667 Rs. 75.00 - s. 165
4 2716 8,000 Rs. 67.50 Rs, 135

_-_‘__W_____#_'_____..._——-————'—___“—‘___—__

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 ic




2A; D
i G (1-DyP)

.O"J =

The results are summarised in Table 2.

Pt N
gbki

Individual Economic Lot Sizes for the four Products

Product Economic " Production days Cycle time T;*
: - lot size per lot in days
i Qr (Q*/P) = (QDy)
1 T 78.6 1.57 12.6
2 75.5 . 3.02 15.9
3 1128 4,06 o 13.4
4 1283 3.85 oo 113
Total 130

ba) A look at Table 2 indicates that scheduling tﬁi:-ﬁl!ﬁ'f"produc!s 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. 5

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 egn. 10.12. This is shown in
Table 3. The common cycle equals 0.0557 year (=0.0557 x 240 = 13.37 working
Evs) 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 cyele policy
Prod‘ucl Set up cost (1- DyP) iCD;(1-DyP) Q4 =T" Dy Production days
i A per lpl
@k
1 90 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 1z 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 245, 0. .4+ lufact satisfied

D: Dy D,

D,
(—+ —+ —+
Pl P, Ps Ps

= (11250 +0.2268 +0.3024 + 0.3395 = 0.9937 < 1).
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Activity C
In the multi-product batch size determination under a common cycle we assumed thet

 there was no time required to set up a batch. Think of the consequences in the following

WO 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 production.
You may like to consult some of the feferences given at the end (especizlly 4,3).

10.4 AGGREGATE PRODUCTION PLANNING

The Purpose p

Customer demand enters the production svstem as units of products. Aggregate
production planning is concerned with developing the work force and machine time
allocation to meet a givéndémiand schedule over the planning horizon (gencrally the
next 3 to 6 fhoiiths). 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 would fhave to'be ‘disaggregated’ to yield individual

duct schedules. . ERIE
BOeeG i

When p]aaing work force and related activities to conform to a given demand
schelhle, it is necessary to balance the cost of building and holding inventory against
the cost of adjusting activity levels to flucivations in demand. Figure IV shows a
hypothetical cumulative demand pattern and two alternative production strategies.

Alternative-1 uses a constant work foree level (i.c. constant production oatput
[Bhe). 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 sigificant 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 minimised. This alternative requires constantly adjusting the
work force levels or paying significant overtime cost during the high demand
periods.

".'heaarc two extreme alternatives. The optimal alternative is the one that minimises
‘he total cost of the inventory and the cost of adjusting the work force level. The

Figure IV: Two Alternative Produvtion Schedules for Meeting Demand

Cumulative
demand

Alternative 1

Cumulative __— Alfernative 2

demand

Time




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 ) Re

Perhaps the simplest approach to aggregate production planning is graphical in-
which the cumulative dernand is plotted al shown in Figure IV and alternative - R
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 plans
which in fact could be infinitely large and difficult fo conceive.
o (RS T IP

. The above limitation is to some, extent taken care of in;mathmmatical o plimisation
models. The approach for finding the optimal alternative, (master schedulgand work
force level) in such a case is to develop a total cpst fupction which containg the .
major cost components of the production facility, {This.cost 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).

!

P

Other methods for dealing with the aggregate p‘roduc{ion planning prablem 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 = Rs. 100/plant-hour
Cost of overtime production, Co = Rs. 150/ plant-hour
Inventory carrying cost charge, C = 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.

'?'z!:‘;?:blem 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 1 the demand of 100 units of
product A and 200 units of product B is equivalent to (100xl+200x0.4)=180.
plant-hours of aggregate demand. Similar method can be used for other periods.




Table 4
Transportation cost matrix for Example 2

Produciion Period of-Demand | Final Capacity -
period 1 2 ' 3 4 Inventory . (Plant-hours),
Period-1 .

Initial Inventory 0 C; 2C, 3c, . 4G 124
Regular time Cg Cp+C; , Cp+2C Cr+3C, Cg +4C; 160
Ovestime Co Co#+Cy i, Co+2C; Co+3C  CotdC 40
Period-2 - i :

Regular time —_ Ci Ca+C; Cp+2C, Cr+3C; 160
Overtime — Co ' CotC Co+2C  CotlG 40
Period-3

Regular time —_ = Cr Cp+C; Cp+2C; 160
Overtime —_ — Co Co+C .. Cot+2C 40
Period-4 .

Regular time . - — — Cy Cr¥* G 160
Overtimgs, .. - R— —_ — 7 Co,  CosC 40
Demand 1800 . .o.166 - 194 - 180 7 080 °

(plant-houss) H m : '

A planned final inventory of:R0 ﬁla.t-hm\.lrs is considered a desirable target by
management, which still leavéd 124 hlantshours surplus dver the 4 manth planning.
horizon. - : : -

The solution to this very special transportation problem (with no entries below the
main diagonal) can be obtained very simply by proceeding to fill the demands of
periods 1, 2.....in order by the cheapest available sources. Aphlicd to the )
example-problem yields the solution shawn in Table 5. )

Table §
Solution for Example 2

Production Period Demand Fina W J

source Inventory Capacity (Flamd
1 2 2 L hours)
Lo] (o] [ Le] D [1e0 4 1] ;

ooy | . .

reprime | | Go) 22 [(oyie] [ i} e

" Overtime M —‘.E [230) [2%] ‘

| | - !

' . w) | L]

| J ®

T T ] [T

et R BN R

;-:!':T:limc .i

SR | !
Overtime | @L‘.’."_ @L‘.ﬂ |
Period-4 ) J @E“L HE

Regular time
Overtime @M
Demand (plant hours) l 180 ;

B
L1
g
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Disageregation to a Master Schedule

The production facility considered in example 2 is a chemical plant which._is shared
by products A and B. Simullaneous production is not possible. Therefore, we should
plarghe production-of each product by alternating the use of the facility between
producis. A disaggregation-of example 2 requires the determination of the batch size
of products A and B that wilt be produced each time a change-over occurs.

The necessity and desirability of disaggregation is situationdependent. In situations
where graduct demand estimates are likely to differ from actual 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 offsctin the aggregate. T

In §itugtions where demand estimates are precise it is'reasonable to consider a
complete disaggregation of their production plan Lo the-individisal product level.
When such disaggregation is done, the resulting ‘output is-callbd'as master. schedule, a
schedule of the time bound completion of production.

<z,

let ys assume that in Example 2 the demand forecast by product is'reasonably
precise and we wish (o disaggregate the plan. Theaggregate solution has minimised

) [Bro costs the production cost and the inventory.carrying cost. Given the solution the

“[ly remaining cost to be considered is the set upscost incurred each time production
15 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 thus obtain a
disaggregated master schedule is ta simulate production runs using-the following
simple decision rule.

Set up a roduce onc product until the other produet’s inventory runs out. At
t time set up the second product and run it until the first product’s inventor
runs out. :

Application of this procedure 10 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 produets. Procedures for disaggregation in such cases may be
found in Elsayed and Boucher.

10.5 MATERIAL REQUIREMENTS PLANNING

gverview 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 gnd-product demands. The
manufacturing routing sheets and product bills of materials déscribe the
departmental routings and production times to manufacturg 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 praduction 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) product, 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 5o 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
requirements practical MR P systems have to be computerised.




Parts Explosion Requirements

From the master schedule of end-product production the requirements for purchased
and manufactured ¢components and sub-assemblies must ‘be determined. This is
referred to as ‘parts explosion’. :

Figure V: Disaggregated I'lan and the Resulting Master Schedule for Example 2
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Figure V1: Product Structure for two End Products

Two end produﬁfs 1 and 2




(1t B)

Four subassemblirs { ABC D)
Three parts (X;Y,Z)

Suppose there 4re 2 end-produds (| and 2) which ane assembled from four
sub-assemblies (A, B. C, D) and threc parts (X, Y, 2) as shown in'Figure V1. The
numbers in parenthes@s indicate the quantity of an ifem required, otherwise, the
guantity is 1,

A
We can easily determinc the level of an item a8 follows: Treating the end items at
level 0. sub-assemblics A and D are Plced a( level | since they aré directly used for
the assembly of level 0 and items | @nd @ and are not used at other higher levels.
Notice that C, B and Z cannot be placed at level 1 since they are required as inputs
for assembly of 1), A und B, respectively. Similarly, level 2 consists of B: level 3
consists of C and Z, and, finally, level 4Tonsits of X and Y. Pased on this level
struerure the “Bill of Materials Matrix™ is Shown in ‘Table 6. The rows of this matrix
are 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 | unit each of sub-assemblies 1) and B and 3 units of the part Z. The
column for C shows that C is used in production of end-product 1 and
sub-assemblies D and B in requirements of 1, I and 2 respectively.

Table 6
Bill of Materials Matrix
N £End-Product Sub-assemblies Parts (Components)

Level Item T - 2 A D B [§ ) FA X Y
0 I 2 1

2 1 ] 3
I A 1 ' 2

D 2 1
2 B 2 |
3 c ] k]

Z
4 X

Y

\
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 miaterials matrix is that 40 units of A and 20 units of C are needed (since from




row 1 we see tnat | unmit ol end-proguct | requires 2 units of sub-assembly A and |
Iuml of sub-asscml_:!y C). This is only the primary or direct dependent demand. Each
_Iof 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 | are derived. By doing a similar exercise for all the items

we can compute total requirements matrix in which a particular row ‘corresponds to
the total requirements of that p

at particular item. The total requirements matrix R for tne
two products example considered earlicr is shown in Table 7. Notice that the first

row is the total reqmrements for end-product 1 as derived in Figure VII. The total
requirements matrix has 1s on the main diagonal.

Figure ¥11: Computing Total Reyuirements for End [tem |

end item1

(1

A {(2) o
N o
1x1)

saxt]  xi2x2) x{1x1) _ Y (1x3)
_ Total requirement for end item 1 |
C(2x2) Z(2x1) v 2 |alo|slc]z x|y
ﬂ em1 | 1 | — |2 |- 2|5 12]915
X(6x1) Y (kx3)
: Table 7, N

Total Requirements Matrix, R

32 a o B C Z %
___—____J____L__———z—“——s—-rl—'_ CRE

3 1 ! 3 7 6 7 a1
A 1 1 2 T [
L_/_‘lrL—S’ZZS——i'
B 1 2 1 2 [}

C 1 1 3

Vi 1

X 1

Y 1

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,CZ 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
lead 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 2
given period. This is essentially what an MRP system does.

MRP System in Practice

The maicr.advamage of the MRP approach is its ability to plan discrete parts




production for_'a.vgry com-plc} production system. MRP simply tries 10 schedute all
the activities required to meet a given master schedule, while holding down workin
process inventory. . . ; .

Many commercially availablé MRP software packages provide a number of

informative reports as shown in Figure VIII.

Figure VIII: Typi(!‘l Structure of an MRP Based Planning System

Master production
schedule : What to
produce , when
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"~ ( status file
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Software ,
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| Production
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uirement versus planning order status
;‘h:};orl load report report and exceptio

report

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.
i) the inventory status file for raw material work in process; and finished goods.
Among the oulputs 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 resources required by the work
centres are available to produce these orders. rhis 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 macaining at that department should be completed in order to meet
the schedule indicated by tie grass 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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10.6 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 optration with the
progr&_;gmcessary to satisfy the eventual'delivery requirements and to identify those

operations on which progress is unsatisfactory.
(v .
| . s .
The four stages mjvo’.yed in-the use of the technigue are:
C3tages T T T

i) . thai_n_ipg_thé *delivery schedule’ foi the product as shown, for example, in
Table §. U ! :

ii) Constructing the ‘opcralia(rll programme’ to depict the lead times, of
intermediate operations shown o§ a chart similar to Figure IX. In this chart, '
for cxample, items A and Pare 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 &
Delivery Requirements
Week No. Delivery of finished items Cumulative delivery
required '
0 0 0
1 12 12
2 14 26
3 8 34
4 6 40
5 10 50
6 12 62
7 14 76
8 16 2
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 na. of 4.
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Figure X: Programme Progress Churt {As ot week no. 4)
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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
Figure XI. The rationale behind the construction is that at the review dite the
cumulative rumber of jtems ready for each operation must make allowinees
for the lead time of that particular operation,
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The LOB technique is an example of management by exception 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. It'is
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 i

In batch production systems the in-process inventories-and the lead times tend to be
large. As we have seen MRP is a vehicle to control the discréte 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. One _examplé: of this is Kanban developed in Japan and
being implemented at Takahama plant of Toyota. Kanban cmphasises-:he reduction
in production lead time and. in-process inventory by specifying shorter production
runs of any single product. Kanban is characterised .by -quick change tooling to | '
reduce set up times. Production control is decentralised. Production activity is
regulated by Kanban cards. ‘Conflicts aré handled by management and supervisory
intesvention on the shop floor. Further details of Kanban may be found in Elsayed
and Boucher. © ‘ an ) )




Another major development with respect 10 the . -plicated problems of batch )
raahufacturing has been the development of Flexible Manufacturing Systems (FMS)
inan zitempt to-apply computer controls to proc ction scheduling, the control of

machines and the movement of materials in a discrete parts manufacturing -
environment, K '

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 handling systems. Both the machines and the material handling systems are -
under the control of a central computer system. There are two main objestives of
employing FMS: . | '

i) 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, e

10.8 SUMMARY = M

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 rates. of demand. Continuous

-production would obviously lead to ever increasing i_il]ggmory build-ups in such cases.

“The problems of finding the batch size in both the sififgi'e prodyct 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. . '

. Aggregate production planning to economically méet 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. ) ) o

A pr'oblem. 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 iisefulness of this management by exception tool for production managers,

Finally, §ome developments in areas of discrete parts manufacturing have been
indicated with a brief discussion of Kanban and Flexible Manufacturing Systems.

10.9 KEY WORDS

Aggregate Produ;ﬁun i’lﬁmingi_ Allocation of work force size and pr.oductir‘m level
mﬁ,g:cet the forecasted demands of goods and services over the planning lm:-nzbc_m.d| )
- This is ‘generally done in terms-of an aggregate product representing the combine

needs of the var_igus“products. ’

" Batch Production: A production situation where pl_'od'uction takes place in lo_ts or
" -patches as opposed to continuous production. Justified when rate of p.rodu_mon
" exceeds the rate of demand. Determination of batch sizes and sequencing or .
scheduling of batches in multiple product situation are the key decisions in batc|
produgtion. S _ N .
. -Li-r'l-e of i!alam:'e (LOB): A production control device effective in batch PFodlL]lF:tlgn to
compare prbgre's's on each ‘operation with the progress necessary to .sal:s y tdqf
: ‘e\!i\:ntu'a'l delivery requirements (not to be confused with line balancing’ used for

~ s




designing assembly lines in mass pmducti;)n).

'Mssle_r_Schednle: A detailed product by product production pian showing the
-quantities of each product to be produced in each period of the planning horizon.

MaterinI‘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
pmduct stmclure prooessmg information like production/ pmcuremenl lead times
and mﬁntory ‘status in a bid to. produce the best plan.

Parts xplosum 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-assembilies 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
'n.di]'feﬁem devels of the same or different cud nesducts.

10.10 SELF- ASSESSMENT EXERCISES

; Distinguish between mass and batch production. Under what condltlons is
batch producﬂon jusufled"

1A p:mﬂfg:t rrgaéa bc ‘made in the plant or purchascd 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 pollcy for
an annual demand of (a) 30,000 units and (b) 20,000 units.

In-plant Vendor
Production. per day (units) 200 -
Lead time (days) 4
Cost per units (Rs.) 500 540
Order cost (Rs.) 1000 700

A company is to produce three products on the same mdchme using a common
cycie policy. What should be the :cspecuve batch sizes and the total annual cost
given the following data?

w

Product-1 Product-2 Product-3
Production per year (units) - 6000 o 12000 L, 4s00
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 same 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 (.Xu)’)

Week - . A o B c
1 ’ B
100 *50
. . 100
i 00 . 80 . 80
. 200 . 100 ., 150
150 120 80
: ™ - 0 o
laiti ' L W : S0 o 100
nitial Inventory . « 200 e 100 150

The ﬁl]mg machinery is operated for 40 regular ume houn per week maximum and
overtime is limited to 0% of the scheduled regular time hours. -

Owing to different visc~ :iies of the paint braids the standard number of tins filled
per hour is as follows. : : -

o LA
. A edin |
Brand ! O Standard Tins filled per hour
A . 9800
B DN 7200

c ) - 6900

Costs per hour of regular time an overtime are Rs. 200 and Rs. 400 respcctwcly The

inventory carrying cost rate is 40% per annum. What is the optimal aggregate

praoduction plan? -

5 Three end products 1,2,3 are composed of sub-assemblies A,B,C,I), and
components X,Y as shown in the following product structures

3
/D \
(3) O ( A2 C . {;;\ @
J \D ® o

(numbers in parentheses show the number of units needed for assembly tc (he
next higher level).
_a_ql Construct the Bill of Materials matrix
- by 1f52and I units of end items 1,2,2 are required compute the veetor of
dependent demand resulting divectly from end product demand.
¢) Compute the total requirements matrix for the above case.
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%NIT 12 PLANNING AND CONTROL OF
PROJECTS

Chjectives )

After completion of this unit you should be abie to :

describe a project in terms of its activities

represent the inter-relationships among the activitics as network
differentiate between CPM and PERT

compute activity times, critical paths and slacks

use the above information for the time managemcnt of the prOJecl
use PERT when activity times are probabilistic

specify project cost curve and crashmg of'the atst“mles for veduction in.the time
duration of the project i by U apigye

* schedule resources - ST T : '
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12.11  Key Words

12,12 Self-assessment Exercises

12.13  Further Readings

12.1 INTRODUCTION

2

We are sure that, both in your professional career and in your personal life, you
PAve handled projects. In this unit we will deal with cfficient management of
projects. We will describe a project as consisting of inter-related activities. Networks

Il be used as visualisation of these inter-relationships. A successful implementation

the project will involve planning, coordination and control of the activities
commuung, the project. We will discuss the time-management of projeat using
Critical Path- Method and, subsequently, in situations 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.




fﬁ PROJECTS

Before we formally deﬁnc'-brojecls. it will be a good idea if you describe, in your

own words, your impression of the word project.

Activity A o ‘
In t!w 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. '

Now consider the following two situations:

1 Preparing tea B

2 Arranging for a tea p:il’l‘,l':'

If we look at the ahove twe situakions, then arranging for a tea party will require
preparing tea as one of the tasks. In act, arranging for a tea party will require
organisation of other tasks, such ds issuing invitations, procurement ol 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 t¢ 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, construction 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 prépared, résoliréés allocated and a proper control is $xerciséd during:
the implementation. Project management essentially deals wilh‘thm"e'aspe/cts of the’
project. - SOPLRE

12.3 NETWORK REPRESENTATION OF PROJECTS ..

First step in the management of the projects is to iinderstand the inter-relationship~
between the various activities which constitute thé project: The activities may be "

inter-linked with each other in various ways. For examplé, the activities preparation
" @l tea and preparation of snacks may be inter-linked with each other by the type of
gource required (in this case a gas stove). On the other; hand, the actjvity éTfr‘f-i\“g
ca cannot be started unless and until the activity preparation of tea i completed..

like the other example this dependence cannot be freed by providing addf!fiaria]

resources. Thus in any feasible time-schedule, activity serving tea has to be scheduled
only after the completion of the acflity preparationtof itea:This kind. of
interdependence will be referred io as precedence requirement. An activity B is said
to su@fed 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 predecesktr of B. ' -

Project Networks are used to visually depict t_hrough arrow diagrams theséprecedence
requirements. © s edast sl :

1N
ﬁrawing Project Network At

¢ input required to draw project network is the list of the activities and their'
precedence requirements. When considering the precedence requirements, only
immediately preceding activities will be listed. These are also called immediate
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 a :
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 ) . .
For the example I, verify the following list of predecessors.
Tablel . . ) )
Lst of predecessors for example Tmmediate Predeces-

) sors
All preceding ) - -
Bectivities A ' . A
D ° - N B N -
E ABD B,D
F ABCDE GE .
G A,B,C,D,E,F : F-

Frqn_: the list of precedence activities, project network is drawn using arrows. Each
activity Is represented as an arrow, which is a line with a small circle at each end
called node. Figure I represents one such activity. -




. Figure I: Activity in a Network

e ®

1f an activity A precedes another activity B then the end nnqe' (circle) of activity A is

merged with the start node (circle) ofactivity B. Thus the following diagram, will
- teptesent the precedence _requircmem A precedes B.

-

Figure |1 !’med:n}:e Representation

OG0

-1f an.agtivity snchcas activity ‘B in'the project ifrranging a tea party has more than
one picgiicessofiB; D iithik case) the end points of all the predecessors arc merged
with.theaart node: of this -aétivity. Thus Figure 111 represents B and D precede E.

4 ' R s

Figure NI Two Activities I'receding One Activity
EITEE R R

Using the above method the project. network for the project arranging a tea party is
as in Figure IV. A

Figure 1V: Network for Preparing Ten

For further convenience, the starting node of all the activities with no predecessors
are joined logether, as they can be started at the same time. With this modification
the network will look like as follows:

Figure V' Correct Network for Preparing Tea

The node (or circles) in the arrow diagram are referred to as event. Events are well
defined points in time, at which an activity can be started.

As another example consider a project with following precedence requirement:

v




Example 2 g
. Immediate Predecessors

>
2
=
2

TomMmy O®>
o

Activity D
3y fo drw § nefwork far the crample 2

While you will be able to draw the diagram upto: the axtivity F without any problem
(Figure VI), you will find difficulty in correctly stowing G, which has only D as its
predecessor. Representation in Figure V11 is not correct, as in it both D and E are
required to precede G -while-it can start as S00n as D is completed.

Figure VI: Partial Network fur Lyamgsle 2

Figure VI Incorrect Precedence Representation for Examile 2

The correct rzpresentation is shown in Figure VILIL

12, (A




Figure VI1I: Correct Network for Example 2

The dotted arrows aré called dummy ac@ities and are activities which take zero
time. Thus the activity F can be started only when both D and E are completed but
G can be started as soon’as P is completed. In addition another dummy is added
after actjvity B. The purpdse here i$ 1o make sure that one pair of events connects
only one activity. N ) :
Thus in project network dummy activities are added to:

| Ensure correct preuedcnp‘g relationship.

2 Make sure that two events are joined at most by one arrow.

éode Labélling .

Once the network is drawn, it is a. good practice to label the events systematically. A

standard procedure is as follows:

A start event is the one which has arrows emerging from it but none entering

into it. Find the start event and number it |.

Delete all the arrows emerging from all numbered events. This will create at least

one new start event out of the remaining events.

Numbeffdhe new start events as 2, 3 and so on.

Repeat steps 2 and-3 until end event is reached. Consider the diagram in

Figure V1I1. The above procedure will lead (0 the following node numbering.
Figure 1X: Node Numbers for the Network for Example 2 -

(=] E—

)

g‘:tivity E

Number the nodes of the Figure V.

Activity F

Considir the network shown in Figure X. Try to number the node as per procedure.
You will find that step 2 canot be carried out. This impoies that the precedence
relationship is not correct. Look at the precedence requirement of activity B, C, D.
Do vou see any inconsistency”

2@




Figure X: Network for Activity 2

12.4 TIME MANAGEMENT OF THE PROJECT

Tt BN

One of the major requirements of the pro;ec! management is a feaslble

time-scheduling of the various activities with the objgctive that projectis completed atthe

earliest possible time. Feasibility of time- schedule wil require that an ‘activity bé

- scheduled only when all its predecessors are scheduled. For preparation of such a

schedule, information will be needed about the d‘urahon in which the various

activities can be completed. The duration of each acuv:ly is referred to as activity

time. Depending on the nature of the activity times)'the projects will get classified in

two categories:

1 Projects in which activity times can be estimated with sufﬁcwqt c.erlamty. for
example—building a house, or erecting a plant.

2 Project in which there is high degree of uncertainty about the actwn) tlm:&. For
example—launching a space vehicle, developing a new product etc.

Time Management of the project is the first case is usually done by using Critical
Path Method (CPM) and in the second case using Programme Evaluation and

Review Techniques (PERT).

Activity G

Consider asimple activity like preparing tea. Estimate activity time for this activity,
clearly writy down the method which you have used for arriving at this estimate.
Repeat this for following activities:

a) Changing puncturd wheel of a scooter.

b) Getting a cheque encashed from the Bank.

¢) Completing this exercise (befor completing it).

d) Travelling from youf home to office.

e) Preparing a report for your boss.

f) Travelling from your home to a new place [W}uch you have not visited before.)
Summarise various method which can be used to arrive at the activity times.

12.5 CRITICAL PATH METHOD (CPM)

In this method it is assumed that activity durations are deterministic or are known
with certainty. The method will compute the carlicst possible start time and latest
possible start time for cach activity. In addition it will identify the critical activities
These activitics are critical in the sense that if completion of any of these activities l
delayed even by a short period of time, the whole p:o;cc! will be delayed. For other
activities, slacks (floats) will be computed which will give some idea of the relative
mponan;c of these activities in terms of their time-management. To illustrate the
compulauolns at ‘vario'us times we will distuss the exainple 2 whose network
representation with node number is shown in Figure XI.




Figure XI: Network with Activity Times for Example 2

Let the activity times of activities A.,Bi‘_C‘ D.E,F,G.Hbe3 5737322
weeks respectively. L

Figure X1 shows the project network with activity times. In this Figure (C.7) on the
arrow 1,2 indicates the activity'name C and its duration as 7 weeks.

Computations of Early Start and Early Finish Times for the Activities

Once the network is developed and the activity times are compiled, we wish to
compute the earliest time by which an activity can be started. For any activity (j) we
shall refer this time as ES(j). Lgt 9& agtivity time for the activity j be denoted by
T(j). In example 2 activity A, B, C can.begin at time zero. Hence we can assign
ES(A)=0, ES(B)=0, ES(C)=0. You may note that all the three activities can start at
& same time, Earliest time by which an activity (j) can be completed will be
denoted by Earliest Finish Time, EF(j). As the activity time for activity (i) is T()
then, its Earliest Finish Time EF(j) is, e -

Thus,
EF() = EsG) + T@
EF(A) = 0 + 3 = 3
EFB) = 0 + 5 =5
EF(C) = 0 + 7 =7

Activity D can be started only when activity C is finished, while activity E
can be started only if both the activities A and D, are finished. We can
compute the times associated with these activities as follows:

ES (D)= EF(C) = 7EF (D) = ES (D) + T(D) = 7+3 = 10
ES (D)= EF (B) = 5 EF (D) = ES (D)+T (D)) =5+0 =5

ES (E) = maximum (EF (A), EF (D)) = maximum (3,5) = 5
EF (E) = ES (E) + T (E) = 547 = 12.
Similarly,
ES (G) = EF (D) = 10 EF (G) = 10+2 = 12
ES (Dy)=" EF (D) = 10 EF (D) = 10+0 = 10
ES (F) = max (EF(D,), EF (E)) & max (12,10) = 12,

EF (F) = 12+3 =15
ES (H) = max (EF (G), EF (F)) = max (15,12) = 15. EF (H)-=1% + 2= 17,
BB (H) = max EF (G). EF (F) ='max (15.12) = 15, EF (H) = [5+2 = 7.
Thus the activity H will be completed on the 17th week and hence the
project can be completed by the 17th week from its start.

You may note that while all the activities togethér require 32 weeks but they can be
completed in 17 weeks as some of them can be completed simultaneously. However,
as the precedence relationship require certain activities to run sequentially, the
project cannot be completed before 17th week.




We can summarise the rules for computations of Early Start Time and Early Finish

Time as follows:

a) All the activities which do not have any preceding activity can be started at time
zero. . -’

b) - Earliest Start Time for an activity can be computed only if the Earliest Finigh
Times (and hence Earliest Start Fimes) for all its preceding activities are
computed.

¢) Earliest Start Time for an activity (j) is the earliest time by which all its
preceding activities are completed,

ES (j) = largest finish time among all'lts
preceding activities )

= maximum {EF (1)} over uil precedmg actmues i

Critical Path et

A path in a network'is a sequence of activitics which have to be completed
sequentially due to precedence requirements. Thus C.'Dy F. H is a path and so are
(A, E, F, H). (B, D, E, F. H). (C. D. D,. F. H}: Time'duratiqn of the path is the
sum of the activity times of the activitics formiitig thé [ﬁnh The path or paths with
the largest time duration in the network is (are) called’ critical palh(s) All the activities
on the critical path(s) are called critical activities. The earliest 'time' bywrﬁeh a
project can be completed is the time duration of the critical path(s). If an activity on
the critical path is delayed the whole project will get delayed. Thus for timely
completion of the project it is essential that all critical activities be started at the.
carliest start time and be completed in the planned duration.

'Forhuov) ofthe paths Mentioned alove. compute its length. Which are the critieal
paths?

Activity I

Consider the example 2 again with difference that the activity time of activity G is

changed to 3 weeks and of D to 5 weeks. Recompute the length of each path.

How many paths are cricical?

A method of computing critical path(s) can be to enumerate all the paths in a
network and to compute the time duration of eacn of these paths and then to select
the path(s) with largest time duration. However, in a large network such
enumeration will take large amounts of computation time even on very fast
computers. Another mechanism will be to identify those activities which are critical.
This can be done by finding the Latest Start Time for each activity. This is the time
by which if the activity is started, the project will be completed in time. For critical
activities Latest Start Time and Earliest Start Time will be identical.

Computations of i - —
A.Cﬁ"il,ﬂes Latest Start Time and Latest Finish Time of

[ atest ‘Start Time of an achvny Jv LS(j) is the time by which,

if it i
nroject will el completed in time. Anv delay bcvand this tim e arted the

€ in the starting of the




activity or in its execution will delay the complietion of the project. In our example,
if the project has to be completed by 17th week. the activity H has to be finished by
t7th week. Hence if the latest finish time of the activity H. LF(H). s 17 weeks.

LF (H) = 17
and LS (H) = 17-T (H) = 17-2 = 15
It may be noted that for activity H :

ES (H) = LS () = 15

However, activity G can be completed by 15th week, without delaying the project as
in that case H can still be started on the 15th week and completed by 17th week.

Hence, LF (G) = LS(H) = 15 LS(G) = 15-2 = 13
While for the activity. G-ES(G) is 10, LS(G) is 13 weeks. Thus it is possible to delay

the start of G upto 13th week without delaying the project completion.
Similarly.

LF(F) = 15LS(F) = 15-3 = 12LF (D) = LS (F) = 12
LS (Do) = 12-0 =12
LF (E) = LS (F)-= 12LS(E) = 12-7 = 5

However, latest point in time Iggi.‘which'thc activity D should be completed is the
point in time such that both D, .(hence F) and G can be started by their Latest Start
Time.

REE v .
Thus LF (D) = ‘minimum {LS (D,), LS (G)} = {13, 12} = 12.

LS (D) = 12-3 =9 S
If D is not completed by 12th week, F has to be started later than its Latest Start
Time resulting in the project delay.

9 LS (C)

Similarly, LF(C) = LS (D) = = 9-7 = 2
‘LF(A) = LS(E) = 5 LS (A) = 5-3 = 2
LF (Dy) = LS(E) = 5§ LS (D)) = 5-0 = 5

%e table gives the ES, LS, EF, LF for all the activities. In the fifth column, the
difference between LS and ES is listed as slack.

Table 2
Computations of Activity Times

Activity Activity Duration ES EF LS LF S
A 3 0 3 2 5 2
B 5 0 H] 0 5 0
C 7 0 7 2 9 2
D 3 7 ] 9 12 2
E 7 5 2 5 12 0
F 3 12 15 12 15 /]
G 2 10 2 13 15 3
H 2 15 17 15 17 0
D, 0 5. 5 5 5 0
D, i 2

10 10 12 12

The activities B,G,E,F,H are critical and will form the critical path. We can
summarise the procedure for the computation of latest start and latest finish time for
the activitics as follows:

a)  All the activities without any successor are required to be completed by the time
project is completed and hence for all these activities
LF(j) = Project completion time
LS() = LFG T




b)  The latest an activity can be completed without delaying the project is the time -
such that all its succeeding activities can be started latest by their latest start  ~
time -

LF ()

]

maximum {LS (i)}
overall successor i
and LS (j) LF (i) = T ()

¢) Latest Start Time for an activity can be computed only if the Latest Start Times
of all its successor have been computed., '

i

o
In all we have observed that all activities, for which Early Start Time and Latest

Start I'ime are same or which have zero slack, are critica) getivitias anidithe path(s)
formed by these activities will be the critical path(s). e UL

Slack (Float)

In the computation of the activity times, we observed that slack or total Moat in an
ZRtivity is the difference between its Latest Start Time and its Earliest Start Time. It
signifies the delay which is permitted in the completion time of that activity without
affecting the project completion. The delay can be either die to delay in completion
its preceding activities or in the execution.of this activity itself. You may note that
ile both the activities C and D have slack of 2 days each, both of them cannot be
layed simultaneously. If C is completed | week late i.e. on 8th week then slack
ailable on D will be only one week. In some cases it may be useful to compute free
slack (float) which is the slack available in an activity such that early start of the
s-ucc@ors arc not affected. In other words, free slack is the deliy which, if occurs,
will not effect the early start of the successors. By this definition, the free slacks for
the various activities for the example 2 are as follows;

Free slack (C) = ES(D) - EF(C) =7 -7 =10
_ [ES (D;) — EF (D) 10 - 107

Free slack (D) = = | =0
' LES (G) — EF (D) 10 - 10|

Free slack (G) = ES(H) - EF (D) = 15 - 12 =
Free slack (A) = ES(E) - EF(A) = § - 3 =

(7%}

(]

ﬁ'\ other activities free slack will be zcro. Why ?

e total slack and free slack can be effectively used for better management of
projects. For example, if there is a resource constraint then it will be better to

12.6 PROGRAMME EVALUATION AND REVIEW
TECHNIQUE (PERT)

Biiical path Method (CPM) is an effective tool for project planning and cqmrn]
when activity times are known with certainty. However, in certain projects like
Research and Development projects, it seems unrealistic to assume that we can know
with certainty the time durations in which the activities can be compieted, T such
cases PERT can be used.

Time Estimates in PERT




PERT for each activity, three time estimates are made. These estimates are:
a) Most Likely Time (TM): The time which is taken must frequently by the
activity.
b) Optimistic Time (TO): The time by which activity can be completed, if
everything went well.
¢) .Pessimistic Time (TP} The time by which the activity will get completed even
under ada‘sg eonditione
Activity J
For the activity, ‘prepare a report for the boss’ estimate the three times. The TO will
be tie time under most favourable conditions. i.c. when all data is available, report is
short etc., while TP will be the time under most adverse conditions, i.e. when data ha:
to be compiled and reports is a long report. TM will be the time which is taken by
most of the reponsp.;;

From the above time estimates expected time of the activity (j), TE(), 1s computed
using following relationship:

TO (j) + 4TM (j) + TP (j)

‘ 6

'[‘h? expeetad time for an activity represents the average time it would take if the
activity is performed over and over again. It is-different from most likely time. The
above relationship is based on the fact that the probability distribution funcuen of
the activity time can be approximated by a Beta distribution which is of the shape
shown in Figure XIL

il

o TE() =

Figure X1i: Beta Distribution

p.d.tit)

T Tm Te Tp

Time (1) —=

Further. consider two distributions with the following activity times,

Activity A Activity B
TO 3 2
™ 5 4
TP 7 12

Both the activities have same expected time of 5 weeks but there is a higher degree
of uncertainty asscciated with Activity B. This variability can be measured by
computing the standard deviation of the activity, SD(i), as

oo X -
SD (1) = TE)_()_TO_(_I)‘ thus, SD (A) = ?1 — 46

S 12-2
SD (B) = ——— = 1006




Variance is defined as the square of the stindard devigtion and hcncu.
L . _{1P6) - Tom
V(i) = [SD (i) = JL__,ﬁ(J' !
L 6 d

For the example 2 the three time estimates, expected time and the variance of the
activities are given in the Table 3. . ST

Labie &
Fstimates of the Activity Times
—
Activity 8] ™ LI

A ] 2 9 (S T
B 2 4 12 5

C 4 6 14 7

o 1 3 5 3

E i 3 9 7

F 2 k] 4 3.
G 1 2 3 2

H i 2 k] 2

|
;
|
|
|
|
|
|
|
i
|
|
|
|
|

Time of the Project Campletion
Unlike CPM. in the casc when there is uncertainty in activity timds, it is. not possible
1o compute the time of completion of the project with certainty. Insteid, we shali
estimate the expected time and variance of the project completion time. The expected
project completion time E(T), can be co mputed as the length of critical path. in the
CPM. when activity times are replaced by the expected times (TE) of the activities. -
As in the case of example 2, TE are same as the activity time in Figure XII, the
expected time of the completion of the project is 17 weeks, Further a crude estimate
of the variance of the completion time can be obtained by adding the variances of
the activities on the critical path. i T
Thus V (completion time) = Sum of variances of the activities on the critical path -

= V(B)+V (E)+ V (F}+ V' (H)

25 o4 4 1

= ot — et —— 4+ — = = 1044
9 9 9 9 9
SD (Completion time) = VWV = 048 = 3.23

Probability estimates of the completion time of the project can be made using the
fact that the project completion time has normal probability distribution with mean
as expected completion time and Variance as variance of the Critical Path.

Further analysis of the network can be done using Simulation from which an
estimate of the pmbabi_ljty that an activity will become ecritical can be obtained. This
is called critical index @f the activity.

12.7 TIME COST RELATIONSHIP AND PROJECT .
CRASHING AL

i

In addition to time-management, cost plays an important role in any project. Thé "
project costs can be classified in two groups: direct activity cosis and inqir:ct prc;ji:cl :
costs. Direct activity costs are those €omponents of the cost which can be directly ¢
linked with the activity. Thus direct labour, material consumed, rental charges for "\
the equipment etc. will form partof these costs. Usually, the activity durations cun'-
be reduced by increasing the direct activity cost. For example, by asking the labour

to work with OT or with efficiency bonus for faster work etc. 14




y Figure XIII: Times Cost Relutionship for an Activity

Normal \

cost 1
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Cradi ¥irke 45 the minimum possible time in which the activity can be completed and
the cost associated with this time is the crash cost. Normal cost is the cost incurred
when activity is completed in-its normaltime (or the time used as activity time in the
critical path computations). )

On the other hand, indirect costs are the overheads associated with the entire project
including loss of revenue/benefits due to late completion of the project. This cost
will decrease directly witfElthe decrease in the project completion time. An optimal
project completios time will be the time for which sum of these two costs is
minimum. To obtain the optimal time, we have to compute direct activities cost
when project duration is reduced by one unit time each time. This is called project
crasing. We shall explain the project crashing by the following simple example.

Exampla
Let the information regarding project be summarised in Table 4.

Table 4
Data for Example 3

Activity Preceding Normal time Crash time  Normal Cost Crash Cost
activities (week) (week) (Rs.) Rs.

A — 5 4 600 800

B 3 1 400 600

C - 8 5 900 1200

D A 4 2 600 1200

E B 4 3 500 700

We shall asame that cost of crashing an activity by 1 week
_ Crash cost — Normal cost ’

Normal time - Crash time
The project network is shown in Figure XIV.

Figure X1V: Network for Example 3




i X1V, E.4/3,5 denote Activity E, T(E) = 4 o o i
{;f:r; LS(E) = 5. For this example project completion time T is 9 weeks and the direct
acaity cost is Rs. 3000 (600+400+900+600+500).

1f the project completion time is to be reduced byl week, it can be dor;!e ;);ll)rr‘ b: are

reducfe the activity duration of one of the activities on the critical path. If ther o
re %n one critical parts then at least one activity on each path ha§ to be crashed.
u may note that reducing activity time of any activity olh_er than c_rmca! activities

will not reduce the length of critical path and hence the project duration cannot be

r ed.

In our example critical path consists of activities_A anf.il-D. If the duration of either

A\ or D is reduced by | week the length of this path w1ll__wbc reduced fo 8 wceks_a_nd A

!lencgrujcct duration will be reduced to 8 w:cks.v‘l'h'e cost of redl_lcmg tht.actlvtty

by 1 week is Rs. 200 and of D Rs. 300 and hence it \r«"ﬂl be beneficial to crash

activity A by | week. So for T=8, direct activity cost is Rs. 3200 (3000\-*2()0).,)};}91[?!:1'

the new proicet networt. is show in Fo. e XV, st .
Figure XV: Network for Example 3 with Crashing -

Both the paths A-D, and C are critical in this network. To reduce the project
duration further, at least one activity on each of the critical paths has to be reduced.
It implies that activity C with either activity A or activity D has to be crashed.
However, it is not possible to crash activity A as already it is being done in its crash
time and no further reduction is possible. Hence, we can reduce the project duration
by | week by crashing C and D, which will cost Rs, 400. We can repeat this process
for further reduction in the project duration. We can summarise the method for
reducing the project completion time as follows:

Step 1:  Compute for each activity

Cost of reducing activity time by one unit time
_ Crash cost - Normal cost

- Normal time — Crash time

Step 2:  Identify all the critical

Step 3i  Reduce the activity time for the activities selected for crashing by unit

time period and recompute the Early Start Time, Late Start Time and
critical paths for the network.




Step 4: Repeat Step | to Step 3.

Using the above mcthod the computation for the example 3 are as follows:

Table §
Project Crashing
< iviti iviti . Total
Tuprei Criti- Activities Cost of  Activities
?,:JI : -:[ cal  which can’ crashing selected Cost Cost Time
Cor‘nple— PPath(s)  be crashed
tion
une N o -
9 i A-D AD 200,300 A 200 3200
8 A-D D 300. D 300 . ,
) C C 100 C ;% 3600
A-D D 300 D
! C C 100 c g 4100 6
B-E B.E 100,200 B
’ A—fé _é i(;) cannot be
F B.E 100,200 qnjns!wd

1 ne diret project cost curve is given in Figure X VL If the indirect project costs are.
s 450 per week, then the optimal project duration will be 7 weeks.

Figure XVI: Project Time-cost Relationship
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12.8 RESOURCE ALLOCATION

The analysis up to this point has been based on the assumption that if its
predecessors were completed, an activity could begin. Underlying this assumption is

the fact that sufficient resources will be available to start activities simultaneously.




activities A, B, C cannot be started at 0 time period as, they will require 6
carpenters. In fact, only 2 of these activities can be selected. Third activity can be
started only when one of these two will get conipleted. Depending on which two
activities are selected, project completion time will change. An cfficient manager will
like to apportion resources in such a way that increase in project duration is as low
as possible. Many héuristic methods (simple rules) have been developed for such
resource allocation problems. While such method cannot guarantee that the solution

obtained is best possible, they usually provide good solutions. A simple heuristic rule
will be as follows:

Step 11 Allocate rescurces serially in time. That is, start on the first time period

and schedule all activit'es possible with the resources available, then do
the same for the second time period and so oh.

Step 2:  When several activities compete for the same resources, give preference to
the activities with the least slack. Recompute the slacks in all the
activities,

Step 3: Reschedule non-critical activities, if possible, to free resources for
scheduling critical or non-slack activities,

The computation for Example 3 are shown in Table 6, This project will get
tompleted in 12 weeks instead of 9 weeks scheduled earlier.

Table 6
Resource Allocation

Week Activities Activity Carpenter Carpenters
which can time needed ailocated
be scheduled slack B
A 5 0 2 2
0 C 8 I 2 2
B 3 2 2 -
A 4 70 2 2
1 C 7 I 2 2
B 3 1 2 -
_“ 3 0 2 2
2 2 - 6 | 2 — (reschedule)
B 3 0 2 2
A 2 [ 2 2
3 c 6 0 2 2
B -2 0 2 2
A Lo 2 2 T=10
6 2 2
‘ g 1 2 - (reschedule)
D 4 1 2 —
5 C 5 0 2 2
B 1 0 2 2
D 4 0 2 2
6 C 4 0 2 2
E 4 0 2 =
3 2 2 T=n
7 (E:, 3 1 2 — (reschedule)
E 4 0, 2 7‘
D 2 1 3 — (reschedule)
B C 3 0 2 2
E 3 0 2




D 2 0 2 2

9 C 2 1] 2 2
E 2 0 2 (reschedule)
D 1} 1 2 2

10 c i i 2 — (reschedule)
E 2 0 2 2T=12
C 10 2 2

1n E 1 0 2 2

12.9 PROJECT UPDATING AND MONITORING

For effective use of the above techniques it is essential that project progress should
be continuously monitored. As and when there is a change in time schedule of any
activity, the project network should be updated and riew time schedule finalised.
Now a days with most of the computers, including PCs, well written CPM/PERT
packages including project crashing and resource allocation are available. These
packages will provide all the necessary information needed for efficient project
management.

sl nge

12.10 SUMMARY

Projects are non-repetitive large tasks. A systematic way of describing a project is
through identification of activities and their inter-relationships. These
inter-relationships can be visualised using arrow diagrams or networks. Project
management deals with time-scheduling and resource allocation for these activities. If
the activity times are deterministic then Critical Path Method can be used as a
systematic method to compute early start and late start times of activities and to
identify critical activities. The slacks associated with cach activity can be used for
better control of the project. When activity times are probabilistic, PERT is an
effective tool. In this method three time stimates are made for each activity and
these are used to compute expetied projest completion time and its variance. Project
duration can be reduced by incurring additional cast in executing activities. A
project cost-time relationship can be obtained using Project crashing. This can also
be used to obtain the optimal project duration. Resource allocation is one of the
major problems in project management. A simple heuristic is suggested to handle
this problem. I

1211 KEY WORDS

Projects: Set of activities which are inter-related with each other and arc to be
organised for a common goal or objective.

" Activity: Physical independent action which requires time for its completion and will

consume one OT more of the resources.

Event: Point in time schedule at which an activity can be started (or is finished).
Activity Time: Physical time required to complete an activity.

[mmediate Predecessor: An activity which should immediately precede the given
activity in any feasible time schedule.




Project Network: A visual fepresentation of the interdepenaence petween aunierent
activities of a project.

Earliest Start Time: The earliest time at which an activity can begin. All the
activities preceding the given activity should be completed by this time.

Latest Start. Time: The latest time by which the activity can be started without
delaying the project completion time.

Earliest Finish Time: The earliest time by which an activity can be finished,
Latest Finish Time: The latest time by which an activity can be completed.
Total Slack (float): The length of time up to which an activity can be delayed

without affecting the start of the succeeding activities. . TTo0C .
& i COALON S

s A% .
Free Slack (float): The length of time up to which an activity can be-delayed-without

affecting the starts of the succeeding activities,
vode 29fts

Critical Path: The longest sequence of activities os.path in ithe project network. The
time it takes to traverse this path is the estimated project completion time, .

Critical Activities: Activities on critical path. Any delay in execution or start of these
activities will delay the whole project. x :

CPM: Project management technique used when attivity'times are deterministic.

e

PERT: Project management technique used when activity times are probabilistic.
Optimistic Time: Time by which an activity can be completed, if everything goes
well with it, -
Pessimistic Time: Time by which an activity will get completed under adverse
conditions,

Most Likely Time: Most frequently ocBurring time for an activity.

Expected Activity Time: The average activity time.

Variance: Measure oflé deviation of the time distribution for an activity, -
Crashing: The process of reducing an activity time by adding resources and hence
usually increasing cost.

Normal Cost: Cost associatcuvith an activity when it is completed in normal time.,
Crash Cost: Cost associated with an activity when it is completed in the minimum
possible time (crash time).

Resource Allocation Methods: Allocation of resources to the activities such that
project completion time is as small as possible,

Updating: Revision of the project schedule after partial completion with revised
information. _

12.12 SELF-ASSESSMENT EXERCISES
T 1T RARKRUISES _
I Under what circumstances would you use PERT as opposed to CPM in project

management? Give some example of projects where each would be more
applicable than the other.

2 What do you understand by slack? Construct an cxample and show how you
can use the knowledge of slacks for better project management.

3 ]dc_mify the information needed for the project crashing, For a project with
wh_;;hl you are familiar, try to identify the various items of information.
Criticise the various assumptions made in the crashing methnd,




4  Draw the complete CPM network according to the following table:

Activity’ Starts at Event End at Event
12 1 2
1-3 1 3
. 14 1 4
333 2 3
.24 2 4
ki -3 4

e

5 “~|Draw the following 'léwﬁctmk
ivitigs Lt ??;ﬁ_oth follow A
C

¥ A S
L |
ecedes’ ‘g)

; i . SLLGE el A . ;
6 In %tting a ;?b m%&?‘ to nj& Al data-processing centre, certain steps need
to be taken. [These jobs Ean Bé"aescribej as follows:
- i ir .

“Time "‘ it‘lmnﬁi‘!‘;me . ! Description :

ninutes) " predecgskars '

A /! esign flow chart and write
I ' FORTRAN statements
B 30 A / Punch control cards
- C 20 A / Punch comment cards
D 60 /A Punch programme cards
E [ B.C.D obtain prown folder
F 20 . /B,C.D Put deck together
G 10 / EF Submit deck

3) Drawa critical-path scheduling diagram and indiclatc the critical path.
. What is the minimum time to completion?

b) What is the free sif\ck of job C?

¢) Assuming the 1able accurately represents the jobs to be done and their
times, if you were performing this project, would the minimum time to
corpletion obtain above be the minimum time for you to complete the
project. 1f yes, what conditions would change your answer? If no, why not.
and what would the correct time be?

7 ‘The following table lists a set of nine activities together with their sequence
- requirements, estimated activity times, and the daily number of men required
{for each activity. These nine activities make up a complete proiject.

Activity Code of Time Men
Code Immediate Required Required
Predecessor (days) per day
A — ‘ 10 3
B - 8 4
c = 5 7
D A 6 5
E- B 4 2
F- C 10 4
G F 4 3
H. F 8 3
1 D, E.G 7 3




UNIT 13 MAINTENANCE MANAGEMENT

Objectives

Upon completion of this unit, you should be able to:

e relate the importance and objectives of maintenance management

¢ understand the pattern in which failures and breakdowns take place
® realise :xisu:ncc'of different systems of maintenange

® realise the need for letting unplanned emergency maintenance rgmaining an
‘exception rather than a rule’

¢ comprehend that the efforts involved in maintenanog. planning and control are
worth it, even though this calls for greater amount of record keeping and
subsequent analysis

¢ realise that formal costing and budgeting wopld eneaurage prediction and
preplanning of maintenance activities

* identify the need for some control indices fqr imprawving the maintenance service
of an organisation.

Structure

13.1 'Introduction to Maintenance Management

13.2 - Tero-tgchnology :

13.3  Objectives of Maintenance

13.4  Failure Analysis

13.5 Types of Maintenance Systems

136 Maintenance Planning and Control: Preparation
13.7  Maintenance Planning and Control: Operation
138  Maintenance Planping and Control: Progression
139 Maintenance Costing and Budgeting

13.10 Maintenance Performance Indices

13.11 Summary

13.12 Key Words

13.13 Self-assessment Exercises

13.14 Further Readings

13.1 INTRODUCTION TO MAINTENANCE
MANAGEMENT

Since time immemorial when man used primitive tools and machines to carry his
ds, to draw his water, ta till his land and to fabricate his building materials, he

as been faced with the prospect of maintaining these assets until such time as he
considered their useful life to be ended. Maintenance is very important to extend the
useful life of an asset. It is quite a challenge. In our country, there is na dearth of
manpower but rather scarce limited capital to spend for capital equipment. Some
studies have shown cquipment utilisation to be as low as 304 in quite a few cases,
Proper maintenance management could improve existing capacity utilisation rather
than going in for additional capacities ta meet the ever increasing demand of a large
number of products and or services. In industry maintenance function is usually




given a low status and considered 1o be a third rate job; this is rather umoriunaie.
The function of carrying out maintenance is such an obvious necessity that the
subject has been taken for granted over the centuries without much thought being
Fyen to its importance in our everyday lives.

Maintenance is usually viewed only as a repair function. It is, however, “a
combination of any actions carried oul to retain an item in, or restore it to, an
acceptance condition”. In fact maintenance keeps or ensures that the entire
production system is kept reliaBle, productive and efficient. All departments ofa
production system may have been designed beautifully without giving due
obnsideration to maintenance mandgement. The end result is obvious. Organisations
like the National Pteductivily Covncil and others are playing a vital role in
propagating the in.portance of Maintenance Management of all the asscts of the
organisation! 1n fuct; ol ofgarisations must be having some assets, and hence the
need for proper maintcnante and ‘physical assets managemen!’ which is synonymous
with the word ‘Tero-technology” which wu shall discuss now.

132 TERO-TECHNOLOGY

The concept of tero-technology grc\'-v from the study of maintenance practices. It is
synonymous with total maintenance. It tikes inte account all aspeets ol plant
machinery from Design to Discard, viz design, manufacture, installation,
dommissioning, maintenance, replacement and removal of the plant/equipment plus
the feedback of perfarmance for the equipment manufacturer. Tero-technology
envisages application of a combination of managerial, financial, engincering and
other practices applied to physical assets in pursuit of economic life-cycle costs. It is
concerned with the specification and design for reliability and maintainability of
plant, machinery, ¢quipment, buildings and structures. This total life-cycle concept
enables a proper equipment evaluation and selection so as to give an overall low life
cycle concept. This gives rise to huge potential for savings in terms of cost

* effectiveness of replacements on considerations of the whole life-cycle. ‘Design audit’
consists of carrying out critical scrutiny of the designs by the operating and
maintenance engineers independent of the design process so as Lo ensuge reliability
and maintainability of plant and machinery and to identify weaknesses in designs
requiring modifications. The word ‘tero-technology', itself stems from the Greek root
sterein’—'to look after’, ‘to guard aver’, ‘to take care of. In fact the principles of
tero-technology as discussed above can be applieg, to a greater or lesser extent, to
any physical asset in any organisation, no mattef what the size or degree of
complexity of either asset or organisation.

13.3 OBJECTIVES OF MAINTENANCE

Very loosely, some define maintenance as any work undertaken by a maintenance
rker. In manufacturing organisations, the term ‘works engineering’ has been
mmonly used to embrace installation. commissioning, maintenance, replacement

and removal of plant, machinery etc. However, when considering service

organisations, municipalities and the armed services, the term is seldom encountered.

Fortunately, the term ‘tero-technology’ covers all these situations, though it would

take yet some time for an universal acceptance of a term like ‘tero-technology

manager’. However, the manager of the maintenance function whether the job title is
estates manager, works manager, chiel engineer, plant engineer, building manager,
maintenance manager—is attracting greater attention then ever before.

The principal objectives of maintenance activity are as follows:
41 To maximise the availability and reliability of all assets, especially plant
equipment and machinery. and obtain the maximum possible return on




a) gse this information to develop a network diagram. )

b) Determine the earliest start (ES), earliest finish (EF), latest start (LS), and
Fest finish (LF) times for each activity. * : :

¢) List the activities on the critical path.

d) What is the earliest finish time of the project without resource constraints

(assuming that we haye an unlimited number of men)? .

€) Assume that we have only |1 men available but that each man is
completely interchangeable. That is, any man can do any task. Also assume
that the activities much use exactly the number of men and days specified.
For example, you cannot use twice the manpower and complete the activity
in one-half the time. Now determine (if-possible) a schedule of activity
starting times that will allow these 1] men to.complete the project by the
earliest finish date. If this is not passible..show a schedule, that, will finish
the project as soon as possible with 11, men. (Start with-day ], not day 0).
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where Tup = the cumulative time of operation in the normal working state and Tdowq =
the cumulative downtime.

13.5 TYPES OF MAINTENANCE SYSTEMS

Maintenance work can be either planned or unplanned. Let us now discuss the
different types of maintenance systems,

Emergency Maintenance: An unplanned maintenance which is necessary to put in
hand immediately to avoid serious consequences, for instance loss of production,
extensive damage to assets or for safety reasons. Emergencies should remain
exceptions rather than the rule. To ensure such a possibility, it is better to have
planned maintenance systems.

Planned Maintenance: Maintenance organised and carried out with forethought,
control and records to a predetermined plan. Planned maintenance can be split up
into essentially two main activities namely preventive and corrective.

Preventive Maintenance: Also termed ‘Diagnostic or Predictive Maintenance’ is
maintenance carried out at pre determined intervals, or to other prescribed criteria
and is intended to reduce the likelihood of an equipment’s condition falling below a
required level of acceptability. You try to anticipate failure and then attempt to
Rrevent its occurrence by taking preventive actions. The proverbial saying ‘prevention
is better than cure’ or *A stitch in time saves nine’ is the basic philosophy of
Preventive Maintenance. Preventive maintenance can be done on machines cither
when running or during shutdown. :

Running Maintenance: Maintenance which can be carried out when the item js in
service,

utdown Maintenance: Maintenance which can only be carried out when the item
is out of service. Further preventive maintenance can be time-based or
condition-based.

A Tisme-based Prevent.ve Maintenance: This policy is effective when the failure of

any item of an equipment is time dependent (in the third stage of the bath tub failure
]

curve of Figure I) and the item is expected to wear out within the life of the

equipment. Moreover the total costs of replacement of the item should be

substantially less than those of failure replacement repair.

Condltlombased Maintenance is carried out in response to a significant deterioration
n unit as indicated by a change in a monitored parameter of the unit condition or

the health of the equipment by recording systematically signals or information
dcr-ived from the form of mechanical vibrations, nojse signals, acoustic and thermal
emissions, changes in chemical compositions, smell, pressure, relative displacement
and so on. Scientific collection of these informative signals or signatures, diagnosis
and detection of the faults, if any, present by a thorough analysis of these signatures
based on the knowledge hitherto acquired in the field, and judging the severity of the
faults for decision-making, all put together, is called ‘Signature Analysis’. The

technique * ‘ves the use o, “lectronic instrumentation specially designed for the
purpose « ! capacities, - ‘es of application and design features. Vibration and
nc'e sigr s 2. che most ver e parameters in machine condition monitoring

techniques. Periudic vibration checks reveal whether troubles are present or
impending. Vibration signature analysis reveals which part of the machine s
defective and why. Sound or noise analysis is somewhat similar to vibration analysis.
A stock pulse meter is used to monitor the condition of roller bearings,

/
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Condition-based maintenance thus reduces injuries and fatal accidents caused by

machinery as the conditions of machinery are indicated well before hand. It enables
the plant to be stopped safely when instant shutdown is not permissible. Moreover, it
permits advanced planning to reduce the effect of impending breakdowns and be in
time to have necessary spare parts available. However, condition monitoring is not
always used because it involves high manpower and monitoring costs and,
furthermore, it is difficult to monitor some parameters. -

Corrective Maintenance: Maimeriancc. carried out to restore an item which has
ceased to meet an acceptable condition. It involves minor repairs, that may crop up
bétween inspections.

" Design-out Maintenance is yet another policy which is practised frequently in
developed countries. Thisis discussed in greater detail later on in this unit. The
policy here aims at minimising the effect of failure and at eliminating the cause of
maintenance. In essence, an attempt is made to pinpoint the defects in the design of
the equipment. Poor design of many an equipment leads to frequent breakdowns.
Also an appropriate choice. of tribological materials might eliminate the need for
subsequent lubrication frequencies.

13.6 MAINTENANCE PLANNING AND CONTROL:
PREPARATION |

Total maintenance planning embraces all activities necessary to plan, control and
record all work done in connection with keeping an installation to the acceptable
standard by devising appropriate maintenance systems. In a fully controlled \
situation, the time spent on emergency work, viz. the ‘unplanned’ portion, could weil
be less than ten per cent of the available man-hours in the maintenance department.
The administrative control of maintenance work is very significantly altered when
changing from emergency maintenancé methods to a policy of planned maintenance.
~ This brings in some increased amount of paperwork.

Maintenance Request

The most important single document in the organisation of maintenance we shall
henceforth call the ‘maintenance request’ which is alternatively termed as work order,
work requisition, job card -or work ticket etc. As a prerequisite for planning the
maintenance function, it is necessary to know exactly what the labour force is doing,
and how long each task takes. ‘ :

The maintenance request by the production staff details the defect or work believed
to be required. Hopefully, the ‘cause’ should have been identified ‘before’ or ‘after’

rectifying the fault So as to heip planncrs for conducting subscquently studics ior
critical analysis and the all important function of ‘designing-out’ maintenance
(provided rcliable documente@@information exists). The maintenance request provides
all the information necessary as regards the type of labour employed, and the time
labour has taken to do the iob. (Timesheets are often oriented /biased towards the
warker). : -
Assets/ b acility Register )
1] . i . . .
The first step of a planncd maintenance procedure is to cstabl'xs.h 'what_\s logc .
;anintained. This requires the need to cstablish an, Asscts.i_Falcnuy Register. acb
assct must be identificd in terms of name and code; descr;;.mun;_refcrcnc.c.nunfl crs
pertaining te manufacturers, suppliers (if almy). users, ](l)cajmn \\_fnh \Efrl:)ws:_?: itc;“s
changes if ilem_is interchangeable or mobile and suppliers details. en th




investment, )

b) To extend the.useful life of assets by minimising wear and tear and
deterioration, This is particularly relevant for our country as Dpp_oscd to
developed countries which would find replacement more economical than
maintenance. . S )

¢) To ensure operational readiness of all equipment required t_'or emergency use at
all times, such as standby units, fire fighting and rescue unit etc.

d) To ensure the safety of personnel using facilities _
From the line managers’ point of view, the reasons for improving maimena__nce
methods include: (i) protecting the buildings and plant, (ii)increased utilisation
and reducing downtime, (iii) economising in the maintenance departmfnt‘,z'

(iv) maximising utilisation of resources, (v) maintaining a safe insfallanon,- '
(vi) preventing wastage of tools, spares and materials,. (vii).providing cost records
for future budeeting. : YRR R XS RIERY I

Murcover, each day we are witnessing a trend towards'increased mechanisation,

computerisation and greater automation, though it might'seem to be a'distant

thought in Indian conditions. Whatever be the level 6¢ degree of automation, there
will always be an increasing responsibility for the maintainer of the assets. Some of
the reasons for this are; - }

1) Plant output capacities are raised, making dowrttime (viz. when the plant is out
of operation) more costly. ey QT

2) Dependence on control systems can produce total disruption of output when one
machine or some element in a process fails.

3) The possibilities for operator’s intervention to compensate for machine errors or
failures are decreased.

The effects upon the maintenance department include a new requirement for new
skills in repair of computer gontrols, the need for an improved multi-disciplinary
working coupled with the requirement for a systems approach to maintenance. By
systematic maintenance, it is possible to achieve substantial savings in money,
F[er‘lﬂl and manpower, as every effort is directed towards avoiding catastrophic
ailure. Failure or plant breakdown could create problems such as a loss in
production time, rescheduling of production, spoilt materials because of sudden
stoppage of process, which could possibly damage components, failure to recover
overheads because of loss in production hours, need for overtime, need for
sibcontracting work and temporary work shortages etc.

13.4 FAILURE ANAT YSIS

Let us now spend some time in understanding how failures take place. Failure
analysis plays a vital role in taking decisions pertaining to maintenance planning and
control for effective management subject to the budgetary constraining for such an
activity. It is important to identify the nature and occurrence of failures with respect
to time. This will be highly significant in designing and ensuring adequate reliable
perfoimance. It is seen that the failure rates pattern can.be depicted asa b - tub
curve as shown in Figure I. - : :




A Figure I: Bath Tub Curve
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It is the usual cxperience with cquipments that the f;ll;;;lm_uite high when the
equipment i_s new or newly.installed, The failure rate is greater during the initial
starting period of infancy but after this initial phase is over, the failures are relatively
qgite low. -Such a behaviour can be approximated to a *hyper exponential
c_ilstrihution’ 4s shown in Figure 1. Such behaviour is a sign of the design defects or
:nsi:_!llalion defects. Therefore, those that had these inherent defects failed when the
cquipments were run. Those that failed much later were those that did not have the
design or installation defects. This is somewhat siniilar to the infant mortality in

* humans. ’ :

AT the other extreme, many equipments tail due to ‘ageing’ and wear out. 1ne 1auure

or death may be at a ‘mean’ or ‘average’ age, though some could fail earlier and

some later. Such a failure pattern hecause of wearing out could be represented by a
symmetrical bell shaped normal d.stribution.

We have seen the “infancy’ and the ‘old age' phenomenon. In between these two
extremes also equipments may fail, but it is neither due to inherent design or
installation defects nor due to being worn out, The cavse is external to the
equipment and therefore probability of failing is constant and independent of the
running time. This phenomenon can be approximated to 2 ‘negative exponential’
distribution. This is again similar 1o the behaviour in humans, where they may die
due to external causes such as an epidemic of (raffic-accidents while they are neither
old nor infants.

The three distributions mentioned above, namely hyper-exponemiél. negative
exponential and normal, can be combined into one distribution, termed as the
«weibull’ distribution (named after Weibull who developed it). Hence the bath tub
curve depicting the failure rate can be represented by a weibull distribution. Weibull
distribution calculations are very lengthy and tedious. Fortunately weibull graphs

are available (though not very common) for determining mean time between failure
(MTBF). This would provide good data for determining system reliabilities,
availabilities, expected lives etc. Failure statistics can also be used in the diagnosis of
the nature of a recurrent equipment failure and also in the prescription of solutions
to maintenance problems.

The prime objective of maintenance is to increase the availability and reliability of a

fﬁ'ofoc of equipment. The availability (A) of a plant can be defined as

T
A=z ¢ —r+ _
% Tup'+ Tdown- (-




are recorded either in a register or in a card-index form, they could be classified and ~
sub-divided in terms of asset usage/availability, technical groups or maintenance
methods. Sometimes certain items may be subject to statutory inspections. The
assets-register is the information centre of the planned maintenance system.

Maintenance Scheduiles

Next we must decide how these assets or facilities are to be maintained. A
‘maiitenance schedule’ must be prepared for every item listed in the assets/facility
register. A typicafinaintenance schedule card indicates grade of labour required,
frequency of the work to be done, details of the work to be done and estimated time
for the execution of the work. A mistake so often made is when companies setting
up a planned maintenance scheme for the first time prepare the maintenance
schedules for all the plant first, and then endeavour to apply théseto avmaintenance
programme on a specific starting date. In the absence of plant-history rccotds, this
method of approach is doomed to failure, since it is just not possible to switch from
emergency maintenance methods (which is usually thie rule rather than an exception)
to planned preventive maintenance overnight, :

“Work/Job Specifications

Having prepare our maintenance schedules we must prepare the work /job
specifications which are compiled from the maintenanice schedules and are a means
of communication between the engineer and the tradesman (or the. person who
would be carrying out the job). Precise specifications for the activities.on the
maintenance schedule vary in depth and presentation according to the system, the
local labour requirements, the complexity of the items to be maintained etc.

It should define specific items on the machine requiring attention and clearly indicate
the required action e.g. inspect, check, gauge. It should give guidance in respect of
method, however appropriate it might be. The objective is to maintain to a required
standard without forgetting on the safety aspect concerning both the tradesman and
operators.

‘Programming Annual and Weekly Planned Maintenance Programmes |

‘Having prepared our maintenance schedules and built up a workload from our job
specifications, we are now in a position to commence the preparation. of an annual
maintenance programme to decide when the planned productive maintenarnce jobs
shall be carried out. Over a period of time, planned maintenance significantly
.reduces the demands on the maintenance department for such major overhead work )
to be carried out during annual shutdown periods (for which we could make use of
Network Techniques like PERT/CPM). The weekly planning maigtenance . !
programme can be derived from the annual planned maintenance programme.
However, tactical planning is required at the weekly leve! by interacting with the
production planning and control section especially. Unforeseen circumstances
sometimes arise, however careful the forward planning, which make it impossible to
release a machine/asset according to the weekly programme charted out. It is
important to communicate the weekly planning programme, at least a week ahead,
to all concerned.

Inspection Report

One of the important forms of maintenance is to carry out inspection at the right
time and duly record the data so as to produce an-inspection report. This
t’ert"nfdocume_m is used only for reporting the results of planned productive
maintcnance inspections, as set out in the job/work specifications. The inspection
report closely resembles the maintenance request, discussed earlier on. It is




v imperztive that mspection reports must be used by and tor maintenance supervision
and planned maintenance controller and his ;taff prior to filling the history records

(to be discussed next). o
History Records - T T

The last operation in our planned maintenance procedure is to build up a detailed
historical record of the results of maintenance on every machine receiving it. Plant
history records should be properly updated so that they can be referred to and made
use of mare meaningfully. Traditionally, history records have been ‘written up’ by
records ¢lerks from timesheets or work orders.

The operation of an effective maintenance records system provides information
_about: (i) the percentage of planned work achicved in the period, (i) ratio of planned

to unplatined work, (iii) downtime for the period, (iv) maintenance requirement

comparisons between individual assets, between types of asset, or between groups of

assets, (v) indicatars, for relability of the products of particular manufacturers, .

(vi) trends in spare-parts eonsumption, (vii) cquipmenai]ure patterns,

(viii) perfarmange details for personnel, by individual or by trade group.

Records are kept in many different ways ranging from card files to computerised
devices.

[

Planned Lubrication

Some form of lubrication routine is rightly considered to be an essential part of
plant maintenance by most firms,‘yet this is a responsibility which is frequently
relegated to an eiler greaser who may have little or no training before being provided
with an oil cah, a grédse gun and a dubious supply of lubricants, Lubrication
schedules are usually provided by the planning cngineers of oil companics, The
schedules include information about the number of application points, frequency of
each application, method to be used, e.g. grease gun, oil can ctc., the amount and
type of lubricant required. Planned lubrication should be an intcgral part of planned
maintenance, and, because of its utmost importance, daily anddeekly lubrication
tasks should usually be carried out separately from the mechatal and electrical
schedules. Menthly lubrication tasks and oil changing should be usually fully
integrated with the maintenance schedules.

To ensure a smooth implementation of planncd lubrication techniques, you could
adopt a 3-phase procedure. In the first phase, a survey of all plant that require
lubrication is carried out to establish WHAT has to be lubricated. The second phase
establishes WHEN lubrication has to be done and the third phase is to conduct the
OPERATION by establishing HOW lubrication is to be carrica out.
Work Priority -

Most af us, at some time to a greater or lesser degree, come up against the problems
of deciding job priority. Obviously maintenance work of an emergency nature,
required to keep production going or to reduce downtime, once incurred, should be
given the first or topmost priority. However, with planned maintenance, hopefully,
emergency cases are reduced to just about 10% of all cases. But still some method of
priority fixing must be established preferably. After ‘emergency’, a *machine running’
priority could be thought of. In this case the machine is running, but attention is
required to maintain efficient operation or for safety rcasons. Yet the least priorily_
could be labelled ‘not applicable’ if the request for maintenance work is not relevant
to a machine stoppage, and also for most work involving civil and building trades. It

" is usually found that these three priority levels are found to be adequate and
acceptable in most instances. If however, the problem persists, it becomes necessary
to devise a PRIORITY INDEX based on two important group factors, namely.

a) Work priority factors where all work done by maintenance department personnel
/!
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is separated into 10 classes, most important being class 10 and the least important

being class I. Emergency Maintenance-1, 11 and 111, Modification, Capital, Sundrv
and Special Maintenance, and Housckeeping are respectively ranked from 10 down
to 1.

b) Facility priority factor in which each facility, plant, building etc. is placed in one
of 10 classes, most important being class 1. Key services, key production plant,
flowline or process plant, multi-production machines, standby services, mobile
transport, buildings and roads, machines (low utilisation), building, roads, offices
and furniture fittings are respectively ranked from 10 down to L.

* To obtain the PRIORITY INDEX for any job, multiply ‘work priority* class by the

‘facility/machine priority’ class. You can note that 10 classes have been chosen so
that the priority index for each job can be expressed as a percentage priority,

For example, emergency maintenance for a key service sub-station equipment, the
priority index would be (10x 10) = 100%. For an emergency repair to ‘2 leaking roof
(building) over a production machine, the priority index would be (10xd)'%'405.

Safﬁv
The observance of safety at work is essential at all times, The general rule is always
‘safety first’. Some of the main safety considerations when carrying out a

intenance management task are the following:

Guards are supplied by plant manufacturers or subsequently fitted by the

mpany: Safety steps should be taken to ensure that these are not tampered with
resulting in potential hazards. In fact, condition and security of easily accessible
guards must always be included in job specification as items for regular checks at
planned preventive-maintenance inspections.

" b) Protective Clothing such as helmets, gloves, goggles, gas masks etc. must be given

full consideration especially in chemical and allied industries. You must preferably

¢ include the need for wearing protective clothing in the maintenance request or the

work /job specification.

¢) Power isolation by the use of appropriate fuses might be necessary while effecting

certain types of maintenance tasks. Water and compressed air supplies can usually be
isolated and locked off where necessary. Gas lines may have to be purged before any
welding is permitted.

d) Pressure vessels, piped power, lifting appliance should have some type of a .
‘permit’ system to open and/or blank off.

) Permit to work for carrying out maintenance tasks should remain valid for a

specific appropriate period only. A copy of the certificate should be posted or affixed

Esuch a place that it is not possible for anyone to start up the plant or machine
fore referring to it.

13.7 MAINTENANCE PLANNING AND CONTROL:
OPERATION :

- So far we have dealt with the aspects of management organisation that are related to

the needs of the engineering function. Now let us come to the decision-making
aspect. If management is to be truly cffective and objective, it must be provided with
reliable, timely, and appropriate information. This aspect is highly desirable.
Unfortunately, this facility is very sadly lacking in the field of maintenance
management,




Routine Analysis—Labour and Costs

Let ‘us now discuss some of the problems that arise in the implementation of the
system designed in the earlier section. It is essential to set up operational procedures
for routine analysis of the results of maintenance work in order to improve the level
of work planning and control through better control of resources in the form of
labour and materials. Plant and machinery may be wearing out or be obsolete, and
inherent design faults, uptill now accepted, will be highlighted by the routine
analvsis. The analysis might reveal the changes in pl_anerformance as a result of
“planincd productive maintenance. Many different types of analysis could be carried
out, but it is good to remember that a successful operation scheme is one that retains
amount of flexihility.

simplicity and <

You could conduct a weekly analysis by ~c..nning all completed maintenance
requests, subsequent inspection reports and wic total repair time and downtims costs
calculaged,, The weekly analysis of direct maintenance labour is w houts wuwier of
jobs, and ipdicates: .

i) Maintenance hours activity and maintenance request jobs by cost centre, types
of work and trade group. . -

i) Inspection reports by cost ccn and trade group.

ii) Total inspection report hours by.trade group.

iv) Total downtime by trade group.

v)  Booked time by cost centre: . 3

vi) Total booked time, unbooked time and clocked time by trade group.

vii) Unbooked time as a percentage of clocked time. 5

viii) Overtime hours worked and expressed as a percentage of clocked time.

ix) Mumber and total wages of maintenance personnel employed by trade group.

The planned maintenance controller watches closely for any significant variations in
inspection hours achieved, emergency maintenance hours incurred, downtime hours
incurred, unbooked hours recorded and overtime hours worked and as a percentage
of clocked hours.

It is difficult to obta really accurate maintcnance labour costs because these depend
on s0 man)aiw:rse and variable factors, such as time booking accuracy, overtime,
tradesman unskilled labour ratios, dependent labour charges, workshop overheads,
neral overheads etc. '

One simple app[ach-is suggested as follows. Every four weeks, total wages paid,

- plus dependent labour charges, plus overhead charges are divided by the total
hpked hours for the period; the resultant maintenance labour hour cost rate is
arectly applied to the time booked to each cost centre, and each plant number or
job number during the period..

It is imponl to impress upon maintenance workers that they should book only the

e they actually spend on a job (including travelling time, collecting tools and
stores for the specifidZbb only). Some waiting time could be unavoidable in
maintenance jebs. It may be happening that unbooked or overbooked time could
“ise because of insufficient work to occupy a maintenance man full time; careless or
inaccurate time booking on the maintenance request or inspection report; loss of a
maintenance request or inspection report; absence from shop floor while attending
training courses which may not have been recorded by the foreman /superintendeat.
1t might also be helpful to prepare a weekly summary of all emergency maintenance
jobs done during the period.

A plant group analysis could also be done. Machines are deliberately placed in
groups and types of sub-groups to facilitate identification and enable the analysis of
results to establish trends of brecakdowns and where maintcnance performance during




the pre-period Wasalsalisfaclory. By scrutinising the results of maintenance by

t/job number, it becomes a simple matter to select say the “top ten’ machines
E:: have involved the largest amount of emergency and corrective maintenance and
wntime during the period. It would be worth recording chronologically the ‘top
ten’ and see which machines keep appearing in the list. For such ‘critical’ machines
drastic and long term action may be called for to ‘design out’ the maintenance
problems. It should be anticipated that the top ten analysis might reveal no
significant pattern after say 2 years or so. This will leave the weekly analysis and the
plant group analysis as the only two routines that will continue to be required.
Work Measurement, Manning and Workloading Ko
Most engineering managers would agree that work planning in maintenance is both

ssible and desirable. However when it comes to setting certain’ statfdards or norms

ough work measurement for the largely non-repetitive nature of mainﬁpl-ia'nce
work, one encounters very divergent and strongly held views on the subject. -
Incentives might motivate the maintenance workers to earrv ant their tagks
effectively and efficiently. Different organisations have diffrrent remuneration
ghcmes for direct production workers and indiréct maintenance staff.

ertain aspects ought to be borne. in mind when applying work study techniques to
intenance engineering. It is a wasted effort to put a standard on a job that can be
eliminated through “design out’ maintenance. It is futile to standardise a planned
_preventive maintenance job if the worker does not have the correct ‘tools, spare parts
or materials. It is normally impractical or cxcessively costly to cover more than
about 60% of the jobs. Installation and administration costs are high and can exceed
resultant benefit. Increased labour productivity remains largely a problem of
ucing lost time between maintenance jobs, i. e. unbooked time.

ork measurement applied to maintenance may have advantages if applied in the

ht environment, but maintenance planning and control techniques must be applied

st. Perhaps work sampling schemes could be employed to arrive at the total work

ntent. Then accordingly appropriate manning levels could be estimated. An.
nisation that has a clear cut maintenance planning system would hopefully have
ry small percentage of emergencies occurring. In such well established planned
ductive maintenunce situations, manning and workloading are not problematic.
fact, in case of planned overhauls you could resort to the use of network

techniques of PERT,/CPM which you have learnt in unit 12.

13.8 MAINTENANCE PLANNING AND CONTROL:
PROGRESSION

2

Critical Analysis: As maintenance records are being built up and sufficient statistical
data become available, a point is reached when you can attempt to carry out some
‘Blpe of a CRITICAL ANALYSIS. It would be seen that the Pareto Principle comes.
in handy once again, viz. the principle of ‘the significant few and trivial many.’ A
critical breakdown analysis (Figure I1a) reveals that a small percentage (about 109)
of equipment wouldsignificantly contribute to about 70% of the breakdown time.
Such category of equipment could be the so called critica} ‘A’ type. A defect analysis
(Figure 11b) could also be done. It would be seen here again that a few, say 10%
defects contribute to about 70% of the breakdcwn times,




Figure 11 (a) : Criticality Analysis
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Figure II (b) : Defect Analysis
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Ongfghen needs to concentrate on the critical A types of equipments and the critical
A* types of defects and accordingly devise suitable preventive maintenance
management schemes and design out maintenance, whenever feasible. A simple way
for attacking a maintenance problem is essentially a 3 step procedure.
Step 1:  Can it be eliminated? If yes, then no problem. If no, go to next step.
Step 2:  Can it be simplified? If yes, then no problem. Otherwise, go to next step.

Step 3:  Can it be improved? If yes, then no problem. Otherwise you have hardly
any other option. :

Lubrication problem—Costly and time-consuming maintenance operations of
greasing the suspensions, steering and transmission components on a modern motor




o ..

ar, w1‘1|ch usca to number a dozen grease points or more, has now been enminated
by design on most models.

For _machincs requiring a censtant supply of grease to moving parts through a
multitude of often inaccessible individual grease nipples have been through the 3 step
procedure, z'eg]aced by the piping of such points in groups of battery plates and

saved on capital expenditure can be pound foolish when it has to be t ON
MAINTENANCE. i

Costing and budgeting for the maintenance department embraces the provision of
financial information on labour and materials expenditure, its allocation fo the
various cost centres together with manpower resources and the development of
objectives with programmes and budgets for meeting them. The basis for cost control
is provided by the use of cost account codes. Typical major code headings might
include (a) capital projects, (b) planned preventive maintenance, (¢) workshop
services. The costs attributable to the cost codes consist broadly of wages-and
salaries, overhead charges, materials costs, transport costs and sundry items,

¢ overhead charge made upon maintenance is made up of charges occurring
within the maintenance department plus the overhead charges reflected from other
departments like administration, general management etc. Charges arising within the
department include services' rent and rates, transportation and insurance. :

A budget could then be charted on the busis Ol the dillerent types ol costs estimated
for different heads. A budget might show

Maintenance labour ) 209
Maintenance materials 409,
Fuel costs 256,
Overheads . 159,

When @ducing a departmental business plun, it is necessary 10 include in the
budget a set of objeciivesald strategies for implementing the planned maintenance
plogrammes, completion of certain capital works and the operation of a planned
overhaul programme. One objective for the department ought o be the reduction of
resources allocated to corrective and emergeney maintenance and an increase in
planned preventive work. -

st reports can be analysed for variances of actuals versus planned. In this
connection it is relevant to introduce a ‘life-cycle cost’ concept of an asset. It includes
the initial costs (the total costs of procurement and seiting to work), the costs of
ownership during the life-cycle, and the costs of downtime. Initial costs include the
costs of services, commissioning, product support and ancillary equipment. The cost
of ownership include the annual costs of operation and maintenance, multiplied and
factored for the life term, together with salvage value (when asset is disposed). The
costs from downtime includes loss of use, repair costs and consequential damage,
and will provide evidence for replacement decisions. One needs to suitably account
for inflationary trends, if they exist. - )

Once fully understood, formal costing and budgeting would be extremely useful not
only in predicting and controlling expenditure but in encouraging the prediction and
preplanning of activity with the necessary resourcing to meet the plan.




13.10 MAINTENANCE PERFORMANCE INDICES

Unlike direct production which can be rated in terms of output of any particular
machine, no such analytical yardstick is available for rating maintenance. In
maintenance you should essentially strive to maximise availability and reliability of
the machines) assets and minimise downtime. Maintenance though a support
function,is certainly linked to increase in the productivity of the system in the long
run. Chandra has proposed some indices as below, which might help management
achieve their objectives more effectively_and ¢fficiently. -

i) Maintenance productivity index The output of product

. The cost of maintenance effort
Maintenance cost x 100

i) Maintepasce cost index -
KAl ) Capital cost

iiijy Downtime index Downtime hours x 100

production hours

iv) Wasteindex _ Quantity of Waste produced x 100

Quantity of total outpur

(This is somewhat similar ta *wastivity’ which, however, gives a more comprehensive
conceptualisajienfoef waste rather than just think of output waste. This would be
discussed in-the udit'on Waste Management).

Total hours spent on breakdown x 100

v) Breakdpwn Maintenance Index = . -
: . Total man hours available’

Total hours spent an scheduled
maintenance x 100

yi) Level of Maintenance i = -
) ' Total man hours available

Standard minutes of work saved on
impraved inspection

Total standard minutes of inspection
carried out

| Nrougn INspection we should be able to reduce the volume of maintenance to the
lower possible extent.

vii) Inspection of effectiveness =

Annual saving in labour and material
costs resulting from additions or

viii) Technical Competencg Ratio = modifications made during the year

Total annual maintenance cost

Considerable capital savings can be effect=d by utilising work study and value
engineering techniques at the design stage.

Qvertime hours worked

ix) Overtime hours Ratio -
Total maintenance man hours

- Overtime hoprs worked is indjcative of the failure of planning. Emergencics should
be reduced to a bare minimum.

13.11 SUMMARY

In several cases in industry, cost of unscheduled stoppage on an equipment is very
wigh in terms of money and any brenkdown or accident could cost a good deal in
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grms of money and human injury. Etnlenancc has not only to reduce scheduled
stoppage time but attempt to avoid unscheduled stoppages and breakdowns by
frequent performance checking, testing and providing inspection and skilful repair
when required to ensure better service, availability and reliability. There are various
types of maintenance management schemes. It is imperative that you use the
appropriate technique by evaluating the cost-benefits of each alternative. There is a
need for an effective spare parts inventory management policy and an overall
neeessity of adopting a systems gpproach. The effectiveness of pr(alction is highly ~
dependent on the quality of maintenance service facility. Perhaps good care, caution
and foresight at the design stage itself might make the concept of maintenance
redundant. All effects should be to devise schemes so that emergericy maintenance
remains an exception rather than the rule. With the ever increasing need for reliable
data and information for purposes of criticality analysis etc., computers might be in
greater demand in [uture to help in more cffective. and efficient maintenance
mariagement

13.12 KEY WORDS

Breakdown: Failure resulting in the non-availability of an item.

Corrective Maintehance: Mainténance carried out to restore (including adjustment
and repair) an item which had ceased to meet an acceptable conditien.

Downtime: The period of time during which an item is not in a condition to perform
its intended function,

Emergeney Maintenance: Maintenance which is necessary to put in hand
immediately to avoid scrious consequences.

HHistory Cards: Record of usages, events and actions as appropriate relating to a
particular item.

Maintenance: A combination of any actions carried out to retain an item in, or
restore it to, an acceptable condition,

Maintenance Programme: A list allocating specific maintenance to a sprciﬁc period.

Maintenance Planning: Deciding in advance the jobs, methods, m:uenai». “tools,
machines, labour, timing and time required.

Maintenance Schedule: A comprehensive list of maintenance and its incidence.

Overhaul: A comprehensive examination and restoration of an item, or major part
thereof, to an acceptable condition.

Planned Maintenance: Maintenance organised and carried out with forethought,
control and records to a predetermined plan,

Preventive Maintenance: Maintenance carried out at predet'ermin'e'd intervals, or to
other prescribed criteria, and intended to reduee the likelihood of an item not
meeting an acceptable condition.

Running Maintenance: Maintenance which can be carried out while the item is in -
service.

Shutdown Maintenance: Maintenance which can only be carried out when the item
is out of service.

Tero- technulogy. It is a combination of management, financial engineering and other
practices applied to physical assets in pursuit of economic life-cycle costs; it is
concerned with the specification and design for reliability and maintainability of all
asspts, with their installation, commissioning maintenance modification and
replacement, and with feedback of information of design, performance and costs.




nginvering and Quality

the systems and procedures. Recently these concepts have been applied to
non-traditional areas such as urban slum development programmes, staff welfare
motivation enhancement and courtesy improvement plans. : .
Reasons for Poor Value .

One of the important reasons behind poor value in products, systems and procedures

t we come across is the lack of organised effort in devising such systems. Mz_my N
times the designs are created under highly compressed time frame and the ch_zs:_;net
may playsafe by giving product designs with sole emphasis on technical feasibility and
mav prﬁribc thicker, costlier materials and other unnecessary features which are not
needed by the customer. Sometimes, ad hoc decisions get permanency _due to lack of
review of product designs. Often lack of consultation with others contributes to poor
value. Lack of information, wrgng beliefs, habits and attitudes are some of the other
reasons.

14.2 HISTORICAL PERSPECTIVE

Value Engineeting had'its origin‘at the General Electric Company (GEC). As a result
of World War II, many materials were in short supply and L.D. Miles was assaciated -
with a cefrimittee to identify substitute materials without sacrifice in quality and
performance. He organised @ formal methodology in which a team of people
examined the functions of products manufactured by GEC. Through team-oriented
creative techniques they made changes in products to lower their cost without
affecting their utility and quality. This methodology was given the name Value
Analysis (VA). L.D. Miles who wrote his book in 1961 is generally recognised as the
father of Value Engineering. Miles found that many of the substitutes used were -
providing equal or better performance at lower costs.

The first organisation to initiate a formal VE programme was Navy Bureau of Ships in
1954. In 1959, Society of American Value Engineers (SAVE) was set-up to propagate
the philosophy of Value Engineering. Many companies in USA, UK, Japan, etc.
subsequently set-up formal VE programmes. The Department of Defence in US
encouraged application of VE in defence projects. A number of success stories of
VE/VA are reported.

In India, VE/VA is now a well recognised programme and many organisations in
military and navy as well as in other public and private sectors have set-up directorates
or cells of Value Engirieering. A professional society Indian Value Engineering
Society (INVEST) came up to create awareness in VE/VA and they publish a journal,

" organise conferences and provide other services. It is now considered as an effective

management tool.

—8 _
14.3 FUNCTIONS AND VALUE

Types of Values

The term ‘Value' is used in many different ways and is frequently confused with the
netary price or cost of an item. However value is not synonymous with cost. Value

may be perceived as the ratio of the sum of posie and negative aspects of an object.

[hus value can be considered as a composite of quality and cost. It is more in terms of

worth or utility. Thus a ratio of quality to cost can be treated as the value of a product.

If its costs can be réduced for same quality or quality can be improved with same cost,

then the value improvement can be said to occur. The term value can be divided into

following types:

a) Use'Value: The properties and qualities which accomplish a useful purpose or
service.

b) Esteem Value: The properties, features or attractiveness which cause us to want or
own it. . .

¢) Cost Value: The sum of labour, material and various other costs required to
produce it. .

d) Exchange Value: The properties or qualities which enable us to exchange it for
something else we want.




Types of Functions
VE discipline deals with the functions of items, products, system/s‘ and procedures. Itis
a functional approach, a customer-oriented approach. Identification of the functions,
therefore, constitutes an important aspect of VE. The term ‘function’ is used to mean
the purpose or use of a product. Lo '
Functions can be of two types: v '
a) Basic functions—the pfimary purpose o:a pro@fcﬂ
b) Secondary functions—other purposes not dirgctly accomplishing the primary

" purpose but supporting it or resulting from a specific design approach.

Many a time poor value may result in because the functions have not been precisely
.understood and redundant or unnecessary functions'have been imposed. )

Value Tests . _
VE is essentially a questioning attitude looking at the function-and'costs. ED Miles
designed a set &value tests to ascertain whether theréis a scopefor value, . .«
improvement B these value tests are honestly applied, tirere is bound to be foom for
improvement in most of the products, systems and pracedures that we come, acrass. .
Some of these questions which can work as thought-starters for developing better
value alternatives could be as follows: EART
1 Can the design be changed to eliminate the part?. -
2 Can you purchase it at lower cost? S .
3 Does it need all its features?
Is there anything better for the intended use?
5 Can a usable part be made by a lower-cost method?
6 Can a standard part be used?
7 Is it made on proper toolings considering the quantities involved?:
8 Are there any newly developed materials that can be used?
9 Can two or more parts be combined into one?
10 Can any specifications be changed to effect cost reduction?
Activity A '
Choose any product, system or procedure that you are very well conversant
within -
your day-to-day life and apply the above tests to find out if there is a scope for
value improvement in it

applying the value tests we may come across poor value areas which are
ponsible for unnecessary costs. These could be in the design of the product,
curement, handling and storage of materials, production processes, packaging and
distribution of the final product. Once we are able to identify poor value areas, we can
cus our attention on these so that these unnecessary features can be eliminated.

other way to identify the poor value areas is through function cost matrix
~approach. §a function is relatively less important but accounts for a larger percentage
q prodl:ct cost then it is a potential area for value improvement. By determining
a t[ernauve cheaper ways to achieve that function we can reduce the cost and improve
value.

In simp]e terms a soundly conducted Value Analysis programme shpuld essentiallv
provide answers to the following questions:
1 What s the item? .
2 What does it do?
3 How much does it cost?
4 Can anything else do the same thing?
- 5 How much does that cost?




UNIT 14 VALUE ENGINEERING
bjectives

Upon completion of this unit you should be able to:

¢ understand the concept of value engineering

differentiate between value and cost
see value engineering in historical perspective

appreciate the role of value engineering in cost reduction and performance
improvement
. identify poor value areas in products and systems
e learn about the value engineering job plan
L]
[ ]

. e @

appreciate the role of some of the techniques of value engineering
study some cases to see the improvements in product value through value
engineering techniques. o )
e identify the behavioural and organisational issues involved in value engineering.
Structure

14.1 Basic Concepts in Value Engineering
14.2 Historical Perspectives
| 14.3 Functions and Value
| 14.4 Value Engineering Job Plan
14.5 Fast Diagram as Value Engineering Tool
6 Some Case Studies in Value Engineering
14.7g) Behavioural and Organisational aspects of Value Engineering
14.8 Benefits of Value Engineering and concluding Remarks
14.9 Summary .
14.10 Key Words
14.11 Self-assessment Questions/Exercises
14.12 RurthepReadings . :

14.1 BASIC CONCEPTS IN VALUE ENGINEERING

Value Engineering and Value Analysis

Value Engineering (VE) or Value Analysis (VA) is an important and powerful
approach for improvement in the performance of the products, systems or procedures
and reduction in costs without jeopardising their function. The terms VE and VA are
used almost interchangeably. Other terms used to convey the same concepts are
Value Assurance and Value Management (VM).

L.D. Miles defined Value Analysis in his book Techniques of Value Analysis and -
Engineering (1961) as “an organised creative approach which has for its purpose the
efﬁciemaentification of unnecessary cost i.e., cost which provides neither quality,
nor use, nor life. nor appearance, nor customer features”. Various other definitions
are proposed such as “an organised systematic study of the function of a material,
component, product or service, with the objective of yielding value improvement
through the ability to acanplish the desired function at the lowest cost without
degradation in quality”. Thus the basic objective of VE/VA is to achieve equivalent or
better performance at a lower cost while maintaining all functional and quality
requirements. It does this largely by identifying and eliminating hidden, invisible and
unnecessary costs. We may simply perceive VE as the systematic application of
recognised techniques to identify the functions of a product or service and provide
those functions at the lowest total cost.

Value Engineering should not be treated as a mere cost reduction technique or
cheapening of the product. It is more comprehensive and the improvement in value is
attained without any sacrifice in quality, reliability, maintainability, availability,
aesthetics, etc. It was traditionally applied in the area of hardware projects, such as
product design, though these concepts are cqually applicable in software projects, in

v




13.13 SELF-ASSESSMENT EXERCISES

'Y

Should maintenance be regarded just as a repair function?

2 What do you understand by the term ‘tero-technology'? Is the term and concept
easily acceptable?

3 If-the trends of computerisation of processes continue to grow, what would be
its impact on the maintenance function?

4 What are the objectives of maintenance management?

5 Cdri-you think of some examples from your experience that either conform to or
are at variance from the *bath tub curve’ of failure rate phenomena.

6 What are the different types of maintenance systems? Could you give some

illustrative example for each-alternative system? You may take the example of a

car, scoater or any othcr asset of your choice for elaborating your answer

expllcu'ly

What is ‘priority index’ and how would you obtain it?

8 What precautions should you ‘keep in mind while attempting to app'y work
study techniques to maintenance ‘engineering?

9 What is “criticality analysis'? Explain how the Pareto Principle finds its
application for effective maintenance planning and control,

10 Discuss the need for devising some maintenance performance indices.

11 What is the utility of maintenance performance indices? Discuss a few of them.

-~
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BLOCK 5 VALUE ENGINEERING AND
QUALITY ASSURANCE

This block of two units deals with major aspects of Value Engineering and Quality
Assurance. Unit 14 on Value Engineering first develops Value Engineering (VE) in
historical perspective and differentiates between value and cost. An attempt is made
to develop appreciation of the role of VE in cost reduction and performance |, ,
improvement. VE job plan and some of the techniques.of VE are then discussed.

~ Some practical case studies are discussed to examine the improvements in product
value through VE techniquer. Finally behaviouraliand prganisatiomal issues involved
in organising VE functions are elaborated upomats o0 ¢ s g,

Unit 15 on Quality Assurance develops appreciation for the role of qu:il‘}'t'y control,
eRality assurance and quality assessment. The unit then discusses how to'design a
sampling plan, draw up operating characteristics curve for a given sampling plan,
compute Average Outgoing Quality limit, assess process variability and whether the
process is in control or not. :




14.4 VALUE ENGINEERING JOB PLA
Value Engineering P SS
*.As mentionied earlier, thé major advantage of the approach is that it is a systematic
and organised approach that examines all aspects of a problem employing a
questioning attitude. Thus a formal approach has to be adopted to go through the VE
programme. This formal procedural model of VE process is called VE Job Plan. In
the beginning, when Miles proposed VE Job Plan, it was just a modified form of the
steps involved in work study. Subsequently, it has been modified and a number of
approaches have elmerged which are essentially similar. These job plans have various
ps and phases with their associated VE techniques at each phase. In one of the job

: l;ins the seven steps involved are: (1) preparation, (2) problem selectiorg,
- (3) information, (4) evaluation, (5) creation, (6) selection and_presemauqn. and

‘(7) implementation and follow up: .

In this ypit we shallbriefly eutlineithe sgliem features of three different approaches to-
conduct a VE programme. These are: = .

a) Job Plan due toMudge -- 0+ . *

b) DARSIRI method

c) FAST (Function Analysis'SystemTechnique) -

Since the Job Plan due to Mudge is a very well recognised approach, we will deal with
it in this section: The seven phases of Job Plan are:

i) .General phase

ii) Information phase

iii) Function phase

iv) Creation phase

v) Evaluation phase

vi) Investigation phase

vii) Recommendation phase.
Each of these phases comprises or is supported by one or more techniques. There are .
work-sheets for each phase. The practice of Job Plan and the application of VE
technigues should be made on properly selected project. Thus selection of VE project
is important. Those products should be chosen for the study which are significant in
terms of cost reduction potential. In step-by-step application of the Job Plan the
project unfolds from the information phase right up to recommendation phase.

The general phase plays vital role throughout and prévides a good base for other
phases to succeed. )

‘Brief description of each phase together with associated VE techriiques are given in
the following sub-sections. :
General Phase

Throughout the application of the entire Job Plan the techniques of this phase must be
diligently applied to create the right environment for Value Engineering job plan to
be effective. There are five techniques associated with this phase:

a) Use good human relations: It will be seen that considerable personal contact is
necessary throughout the Project. The use of good human relations means
assistance in place of resistance.

b) Inspire team work: This is one of the easiest to talk about, yet one of the hardest to
accomplish., It calls for subordinating personal prominence or ego in the interest of
the group as a whole. .

¢) Work on specifics: We should avoid generalities and work on specifics. Concrete
data and information on specific problems must be secured. Only opinions and
hearsay can be expected when talking in generalities.

d) Overcome roadblocks: In.any organisation a group of dissenters can be found.
These individuals knowingly or unknowingly, will use every means at their

. commiand to resist change. It is important to be able to recognise roadblocks and
then tuke steps to overcome them. Mudge has in fact compiled an impressive list of




“killer phrases’ which people use to kill an idea. 1t1s very erucial to avoid such
mental roadblocks.
€) 'Apply Good Business Judgment: Business decisions and judgments must be based
on facts. Poor business decisions and poor judzment become prevalent when
personal opiniony and feclings take control. To apply good business judgment ane’
must be resourceful. able to think and should-be able to pursue new knowledge.
With the general phuse wis the base of toundation of the Job plan, we can enter the

second phase—information phase. The techniques included in the second phase;
though scemingly simple, incorporate some of the most difficult portions of the |
approach.
Information Phase . .
The@hjective of this phase is t6 gain an understanding of.the project being studied, - -
and 1o obtain all essential facts relating to the project as also to estimate the potential
value improvement. This phase comprises of three techniques;, -
a) Secure facts: Information gathered must be authentie;itis one
tasks. The type of information required will be:
i) Technical specifications —dimensions. grades, tolerances, quality, ' .*.
appearance, "
ii)  Environmental specifications—Seventy, wstconditions.
iii)  Engineering drawings. * e
iv)  Production sample—actual or model of it.
v)  Production data—operations, specds. rates, output and stock levels.
vi) Cost data—material. labour, overhead-costs.
vii) Work specifications—work place layout. standard times.
viii) Features preferred by Customers. :
ix) Development, testing and service records.
x)  Quantities involved.
xi) Scraprates.
b) Determine costs: In order to direct towards those areas promising the greatest
Teturn on time and efforts in VE, the complete and accurate costs must be secured.
¢) Fix Costs on Specifications and Requirements: By establishing a relationship
between the costs and the specifications and requirements, a means is presented by
which the latter two can be quantitatively evaluated. Extreme care should be taken
during this phase to be sure that true facts are gathered, accurate costs are secured,
and these costs are truly related to the specifications and requirements. '

of the most arduous
2,

Once the techniques of the information phase have been used to secure pertinent
data, the function phase of the Job Plan can be used.
_Function Phase

The objectives of this phase are to define the functions that a product actually
performs and is required to perform as well«s to relate these functions to the cost and
worth of providing them. '

The two techniques of this phase are a major part of the functional approach. When

combined with the other techniquds of the Job Plan it produces a systematic approach

which is different and more productive than any other product improvement or cost
teduction approach.

The two techniques of this phase are- )

@) Define function: This is one of the most erucisl stages in Value Engineering. The
method of functional analysis requires functions to be described with only two
words. a verb and a noun. By so restricting the functional specifications, clear
descriptions of the functions are possible. Concise function descriptions reduce the
possibility of a detailed semantic elaboration. They force a rational approach by
climinating superfluous frills. The rules of function description are:

i) Determine user’s need for a product or service. .

ii) Use only one verb and one noun. The verb should answer the question *What
docs it do?” Thie noun should answer = What does it do™? Where possibic,
noun should be measurable and verb should be action oriented.




capabilities than most of his customers. We may decide to buy an item from the
vendor instead of making it within ifitisa cheaper and better proposal. Suppliers
should be asked for cost-reducing and quality improving ideas. The degree of VE
assistance by vendors also varies directly with the types of rewards, such as giving
more business to cooperating vendors. Specialists can also contribute by suggesting
a better material substitute, for example, by virtue of vast and up-to-date
knowledge they may have in their chosen area of specialisation. In VE philosophy
the consultation with others is a strength rather than a sign of weakness.

¢) Use Specialty Products, Processes and Procedures: These in many cases provide a
lower-cost way of accomplishing the function; but before being adopted these
should be evaluated to ensure lower costs in relation to standard products,
processes and procedures. : )

RecommendationPhase -

This is thé final phase of the Job Plan in which the finally selected value alternative is

recommended for acceptance and implementation. It is vital in the sense that the

entire project of conducting VE would succeed only if the recommendation is

accepted: Many a ime the acceptance of the suggested alterpative depends upon the

gy itis presented to the manggement. The two technigues associated with this phase
=]

—

a) Present Facts: Facts usually speak for themselves.

b) Motivate Positive Action: The presentation of accurate, specific and detailed facts
and costs will motivate positive action. This technique requires the follow-up to
imake sure that thie action is taken for idea implementation. :

The presentation of facts can be cither verbal or written in standard format or in
combined form. The combined strategy is the best. The final recommendation need
not contain all the data but should contain sufficient information to enable decision
makers to find the cowse of action to be taken.

Example 5: We take the same example as ‘Door Assembly’ of a refrigerator which was
given for functional analysis phase. After successfully carrying out VE Job Plan, the
improved design of the ‘Door Assembly’ was suggested. Figure 2 shows the existing
design and the proposed design. Table 5 shows the comparison of costs of the existing
design and the proposed design. It shows a saving potential of Rs. 37,15,200 per year
without jeopardising the functions to be accomplished by such an assembly. )
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Figure II: Existing and Proposed Door Assembly




: Table 5
Summary of savir s through VE for the door assembly

Iten Cost_per unit (Rs.) Savings [Rs)

Existing Proposed Per unit Per day Per year
Door 207.14 194.24 12.90 10.270 37,15,200
Assembly ’

-
Other Variants of Job Plan

Some other variants of the Job Plan described above have also been reported. The_se
are: DARSIRI method and FAST. The FAST is the most powerful qf these and will
be discussed in detail in the next section. DARSIRI is.esséntially simitar to the pr
Plan of Mudge described alone. The seven steps involved ar'elﬁD_ (Da_:_q Lollection),
A (Analysis), R (Record of Ideas), § (Spccularion),}l (Invcsngatlon)‘,uj‘,r -

R (Recommendation) and 1 (Implementation). T o

These are self-explanatory steps and hence need not be elaborated.

14.5 FAST DIAGRAM AS VALUE'ENGINEERING TOOL
R

Basic Methodology of FAST Diagrams

FAST (Functional Analysis System Technique) was developed in-1965 by Charles

W. Bytheway, It visually represents the relationships of functions performed by a

product, service or System and identifies where the functions have the greatest impact

on costs. It is useful in determining the function inter-relazionship in‘analysing an
entire system and gives a better understanding of the interaction of function and cost.
diagram are as follow:

a) Prepare a list of all unctions of the product using verb and noun technique of
functional analysis,

b) Write ealh function onasmall card. Select the card pertaining to Basic Function,
Determine the position of the next higher and lower function by answering the
followirg logical questions,

How is this function accomplished?
Why is this function performed?
When is this function performed?

accomplish the functions, The FAST diagrams are usually bounded on both ends by

if one is value analysing an over-head projector, the FAST diagram will be expanded
up to the point where current is conducted to the device. ‘Generate electricity’ i
outside the scope of the study.

Tllustrative Example

The technique of drawing FAST diagram as applied to Refrigerator Packaging is
shown in Figure I11. It shows the seope of the study and the entjre logical relationship
for its basic function ‘Prevent Damage’, ‘Prevent Damage’ iunction is 10 support
another function—‘Facilitate Transportation® (beyond scope line) and is supported by
‘Prevent Corrosion’ and ‘Prevent Impacr’. Similarly, the entire network is completed.

The cost of each part is divided into different headings of functions in the ratio of its
estimated contribution to perform this function, Thus total cost apportioned to
perform that function is computed and entered in the FAST diagram outside the box




Table 2
Numerical evaluation chart for functions
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Table 3
Function-cost matrix for a compass

Sr.No.  Component Function T

C Value Index

(%) (%) 1c

1 Pencilleg Contain marker 16 25 0.6
2  Pencil lock Apply leverage 5 4 1.3
3 Lock rivet Create fulcrum 1 1 1.0
4 Handle Access Assembly 0 9 0.0
5 Scréw Connect Components 12 7 1.7
6 Nut - Induce torque 7 3 23
7 Washer Maintain Friction 1 4 0.3
8 Pinleg Hold Pin 12 20 0.6
9 Pin Anchor Axis 21 4 5.3
10 Pencil : Deposit graphite 25 23 11

Creation Phase

The oh]cum. of this phase is to create ideas for value alternatives to accomplish the
funetions defined in the previous phase. The first step is to try answering the quebtmn
‘What else will do’? This phase requires creativity to be the focal point.

. Brainstorming is a very effective way of promoting creativity. In brainstorming ‘free
whce]mg is permitted. Two powerful techniques to promote creativity are:

v, oo-a) Establish positive: lhmkmg Here we divorce the judicial part of the mind from the
: o . . cteative part by insisting that we do not attempt to judge an idea simultaneously
O L when itis bemg cr{:dtcd




b) Develop creative ideas: This is done by cultivating uninhibited thinking and
developing a'multitude of ideas and approaches for accomplishing the defined
functions. The desired thing at this point is a large number of ideas, no matter
whether they look ridiculous. A number of check-lists and idea-stimulators could
be used for the purpose.

Evaluation Phase

The objective of this phase is to select for further analysis the most promising of the
ideas generated during the creative phase and to subject the ideas to a preliminary
screening to identify those which satisfy the following criteria:.
® Will it work?

® Isit less costly than the present design?

* Isit feasible to implement? - : ‘ Sy

This phase of the Job Plan together with its supporting techniques must be undertaken

vith both care and diligence, for it is here that the judicial part'of the mind is brought

into active use. There are four techniques associated with this phase: .-~ ghnA

a) Refine and combine ideas: The ideas must be practicablg.and to make themso.we A,
may have to refine an idea or combine two or more than two ideas. -4 '

b) Establish cost on all ideas: As an idea or combination of ideas is being refined, an
estimated cost should be calculated, What are the potential costs of implementing
the idea and what are the resultant savings implied?

<) Develop function alternatives: This makes further use of the information developed
in the evaluation of functional relationships to mould the individual functional

. solutions into total solutions. AT

d) Evaluate by comparison: When these rough total solutions and their related -
estimates of costs have been established they are compared to determine which .
one will provide the greatest value advantage, '

The evaluation of value alternatives may have to be done on multiplicity of
attributes—both tangible and intangible. The decision matrix approach can be a

very effective way of multi-criteria evaluation. Here each criterion is assigned a

greatest score determines the preferred alternative. . .
Example 4: For the compass of Example 3 suppose the criteria for evaluation are :
Ease of use, Ease of manufacturing, Safety, Quality and Attractiveness with the
relative percentage weightage of 15, 30, 20, 25 and 10, respectively. Then the four
value alternatives can be compared by using decision-matrix approach as shown in
Table 4. As can be seen value alternative A, is the best as it givesthe greatest total

weighted score.
Table 4 ) .
Decision-Matrix to evaluate value alternatives for a ‘compass

_—

—
Attribytes
—_—  Alrbptes i

Sr. Value Ease of use Ease of ’Sal‘ely (20) Quality (25) Attracti-  Total Score
No. - Alternative (15) Manul. (30) o veness (10}

— . Yenes
1 Ay 100 30 50 70 100 - 6150
2 Az . 80 100 100 50 50 79.50.
3 A, 30 50 70 100 70 61.50
4 Ay 50 60 80 50 60 57.00

.
investigation Phase

The three techniques of this phase further refine the selected ideas into workable and
acceptable solutions providing lower cost methods for performing the desired
function. The three techniques are: - '

a) Use (?ompa.ny and Industrial Standards: Within astar -rd lies tried and proven
solution to a problem. We should try to use standards :u the extent possible.

b) Conspll Vendors and Specialists: The vendor may prove to be invaluable source of
help in VE programme because he knows more about his product and its potential




iii) Avoid passive or indirect verbs.
iv) Avoid goal-like words or phrases, such as improve, maximise, minimise,
optimise, etc.
v) Listalarge number of two-word pairs and then select the best pair.
Example 1: Some functional definitions are:

. Product ) Function

a) Mirror Reflect light

b) Brake Arrest motion

¢) Clutch Transfer power

d) Election tube cover Shicld Tube

¢) Cigarette lighter Provide ignition

f) Lightbulb Emit light

g) Screwdriver {ransfer torque

h) Coffee cup Hold Liquid.

b) Evaluate Function Relationship: This technique attempts to determine relative

importance of various functions. Through this technique a descending order of
importance of the functions is established alongwith the relative value of their
importance.

A paired comparison technique to determine the numerical value of various functions
is very simple and effcctive to use. In this, pairs of functions are compared and it is
sought to determine which is more important and whether the degree of variation is
major, medium or minor. Suppose we are comparing A with B. Then A-3 will mean
that A is more important than B and there is a'major difference in their importance.
B-1 would have meant that B is more important than A but there is a minor difference
only. This way a total number of n (n—1)/2 pairs are compared and values entered in a
cell if n-functions are to be compared. Then the score is obtained by-adding all the
numerals following a particular function. The function score divided by the total score
gives relative importance of that function.

Function description should be derived for the product and all its components. The
evaluation process also helps to find out whether it is a primary (basic) function or a
secondary function. The basic function will have the highest score in the above-
mentioned process of evaluation. The technique not only establishes the basic and
secondary functions but alsa identifies those flinctions which are present because of
specifications and requirements or present design approach. Generally, a product or
component will have only one basic function and a number of secondary functions. If
you have more than one basic function, it must be a mere restatement of the other.
Example 2: Here we illustrate the application of function phase on the itein. ‘Door
Assembly’ of a refrigeratos. The two-word definition of each part or component of the
door assembly is shown in Table 1in the form of Functional Analysis Worksheet. The
paired comparison of various functions is shown in Table 2. Figure 1 shows the
graphical display of the relative importance of various functions which identify them
as basic and secondary. You can also distinguish functions which are there due to
present design approach as well as due to specifications and requirements. The basic

function of the door assembly emerges as ‘Provide Security’ with the highest score.
Having defined the functions, the next step is to establish the worth of each function.

The objective is to determine the poor value functions and to obtain-a reference point
from which the cost of alternatives can be compared.

Function cost matrix is an effective technique of finding out the relative importance of
a function and the percentage cost incurred in attaining that function. If the '
importance is low and eost is high then it reflects a poor value area.

Example 3: Table 3 shows a Function Cost matrix for a typical product (compass). It
describes in two-words the function of a component. Its percentage importance (1) as
dbtdined by paired comparison and percentage cost (C) obtained by allocating cost to
attaining that function b that component. The Value index is given by I/C. A low

»{all.}d of ¥C [ati_o-_shws{émor value # rea




Item: Door Assembly

Table 1
Functional analysis work sheet

SECONDARY
FUNCTION

|
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FUNCTIO NS
Figure I: Weight Factor vs. Function
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Qty  Description Function ' Pt Sf Assembly
Verb Noun Basic Sec Basic See
1 Outer Pan Provide Support X
Provide Security X X
Permit Rotation X
Provide Appearance X
4 Gusset Plates  Provide Strength X
I _ Handle Provide Locatiun» X
Reinforcement Provide Stiffness X
1 Centre Stiffner Provide Stiffness X
1 Lock Assembly Provide Fastening X
2 Sleeve door Provide Location N
Hinge Provide Rotation X
Support Weight X 5t 1
1 - Handle Facilitate  Grip ’ X
; Facilitate Opening X
1 Liner Accommo- 9
date rticles X
Prevent Leak . X
Provide Insulation X
Support Insulation X
4 Retainer Apply Force X
Strip (Gasket) - Provide Location X
1 Gasket Provide  Seal X
4 Magnetic Strip  Provide Force X
1 Decorative Strip Provide Aesthetics X
—  Insulating Glass Prevent Conduction X
Wool Provide - Insuldtion X
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describing the function. In Figure 11 the highest functional cost is Rs. 17 to
accomplish the function ‘Product Corners’ in the Packaging. It thus identifies the high
cost functions where potential for savings exist. In the proposed packaging, the total
cost couldhgg.fgguccd to Rs. 77.96 per unit as compared Lo Rs. §7.84 per unitin the
existing design. thus giving a saving potential of Rs. 69, 78.24) per annum.
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Figure .HI: Fast Diagram Refrigerator Packaging (Existing)
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14.6 SOME CASE STUDIES IN VALUE ENGINEERING

Value engineering has been very extensively applied in product design, systems and .
procedures and a very large number of case studies have been reported in books and
journals'on Value Engineering. In many of these case studies large amounts of savings
have been reported. In Indian industries value engineering applications have been
reported from TISCO, Escorts, TELCO, Kelvinator, Railways and other unitsin
public and private sectors. It is also known to have been applied in Indian Army and

Navy.
. .
Some very simple case illustrations are as follows:
i) Probiem: Make design changes to reduce the construction cost in @ large garage for
a trucking firm.

" Function: Protect Trucks .
General Explanatiotis and Solutions: Company management had drawn plans to
construct a large garage complex for its fleet of trucks. The value Analysis pointed out
that trucks were on road on an average of 20 oyt of 24 hours. What was really needed
was a large parking area and a small maintenance building.
ii) Problem: Reduce the number of guards by combining entrances to classified areas.
Function: Monitor doors
General Explanations and Solutions: It was difficult to reduce the number of doors to
the classified areas. However, it was found that each guard could monitor and control
twn =ntrance doors by using CCTV and electric door loeks.




1 _ —
jii) Problem: Reduce the manufacturing cost of gasoline tanks for the landing
aircrafts. -

Function; Hold gasoline

General Explanations and Solutions: Initial design was inherently VFI"y‘COstly. It was

discovered that standard 55 gallon steel drums could be easily modified, coated and

used. :

iv) Problems: Reduce the manufacturing cost of oil dipstick

nction: Measure Oil ) R
eneral Explanations and Solutions: It was discovered that standard d1psnck“ used in

large numbers could be more economically purchased from outside vendors instead of
making

14.7 BEHAVIOURAL AND ORGANISATIONAL ASPECTS
OF VALUE ENGINEERING 5

Basic foundatien of VE is structured around the effective use of people jn teams. If
team work is not properly harnessed it may. not achieve major cost reductions: Some
problems and roadblocks that are commonly encountered in the VE process are:
i) Individuals involved in VE usually have othes jobs and are already busy.
ii) Teams may be inherently conservative, non-coherent and may avoid decisions and
waste time.
iii) Individual members of the team may have vested interests in resisting changes.

The success of VE study is enhanced if organisational and behavipural aspects are
considered early in VE process. Henge the importance of the general phase of the VE
Job Plan: Some important factors are:

a) Organising for VE: Organising of VE function itself is very important. There are
many alternative ways of doing it and there are many question to be answered.
Size, composition, level of participation, leadership are some of the relevant
issues. VE may be organised gs a ieaxef multidisciplinary areas coordinated by a
valuggngineer/industrial engineer. It may be an independent cell in staff level or it
may De visualised as a philosophy-conditioning of mind so that every individual be
trained fo be value conscious so that it gets reflected in his decisions and attitudes
towards problem solving. The right chojce is contingent upon various situatiopal
parameters.

Decision Making: How are decisions to be made in a team? What are the external
influences? What are the processes of approval? Are there some refevant issues
that must be debated in the early stage of VE process2

14.8 BENEFITS OF VALUE ENGINEERING AND
'CONCLUDING REMARKS :

Value Engineering helps in improving cfficiency as well as effectiveness of products,

systems and procedures. In general, VE,

i) enables people to pinpoint areas that need attention and improvement.

i) provides a method of generating ideas and alternatives for possible solution to a
probiem. N

iii) provides a means of evaluating alternatives including intangible factors.

iv) provides a vehicle for dialogue.

v) documents the rationale behind decisions.

vi) materially improves the value of goods and services.

™~

-~

In conclusion. it must be re-emphasised that VE/VA is an extremely powerful
methodology for cost reduction and valug improvement and is becoming more and
more popular. It is applicable to all argas: hardware, products, services, systems or
procedures, and in all functional processes: purchasing, designing, producing,

- packaging physical handling and distribution.

15,




14.9 SUMMARY

Value Engineering/Value Analysis is a systematic and organised effort to identify the

_ functions of a product, system or procedure and to attain that function with minimum
cost without jeopardising quality, aesthetics, appearance etc. The Systematic
procedure is known as VE Job Plan. Its phases include General Information,
Function, Creation, Evaluation, Investigation and Recommendatjon. Each phase has
a set of techniques associated with it. FAST diagram is another powerful technique for
VE. Other important techniques are functional analysis, function-cost matrix, paired
comparison and decision matrix. Value Engineering requires a good team spirit and
an cffegtive organisation. Benefits of VE in cost reduction and value improvement are
tremendous. 1tis equally applicable to hardware and software projects.

14.16 KEY WORDS_

Brainstorming: The process of generating creative ideas in a group by permitting free
and uninhibited discussions among the team members. ) :

Decision Matrix: A technique of cvaluating finite number of alternatives against a
multip!“y of factors. S

A

* Esleem Value: The properties, features or attractiveness which create a desire to
possess the article.

FAST: Function Analysis System Technique; it looks like a network representation of
various basic and secondary functions showing their inter-relationships.

Function: The term used to mean the p\i:\rposc or used a product.
C

Function Analysis: A technique to describe function of a product or system using two '

words—a verb and a noun. |

- \" i
Function Cost Matrix: A tool for identifying poor value areas by showing percentage
importance of a function in a product and percentage cost spent in accomplishing that
function.

Job Plan: A systematic procedure consisting of seven phases to carry out a Value
Engineering Project.

Mental Roadblocks: Conditions of mind due to beliefs, resistance, fear etc. which
retard creativity and idea generation.

Primary (Basic) Function: It is the basic or specific purpose for which the component'
or assembly was designed.

Paired-Comparison: A technique of determining relative importance of functions in
Elue Engineecring by comparing two functions at a time.

SewndanF unction: A function which does not directly contribute to the basic
ction or is only needed to support the achievement of a primary function playing
enabling role.

Scope-lines: Used in FAST diagram to delineate the scope of responsibility of VE

study.
5.
Unnecessary cost: Also termed as hidden or invisible cost which does not improve the

quality, features required by customer or the product utility but only increase the cost
for example, materials handling cost. :

Use value: The properties which accomplish a use, work or service. The use value is
equal to the value of the functions performed. ]

Value: A composite of product quality and cost considerations expressed as a ratio of
quality to cost. -

Value Engineering (Value Analysis): A systematic organised approach to determine
the function of a product and system and find least cost ways of achieving it.




Value Index: Ratio of relative importance of a function te its relative cost.
Vendor: Supplier of materials, products or services who can play an effective role in
cost reduction and value improvement.

Worth: Relative importance of a function. _

14.11 SELF-ASSESSMENT QUESTIO-NS/EXERCISES

1 Identify five products in your-day-to-day life and determine reasons for pqor Value
in them. .

2 Applying the Function Analysis approach write, down the basic functions of the
following objects in two words: - o

i) Umbrella A

ii) Ash Tray TR

iii) Paper Weight o Cvao T

iv) Wrist Watch : o e

v) House. _ ’ '

Write true or false against the following statements: |

i) Value engineering ailms at reducing the cost by compromising on the desired

quality. o '

if) Basic functions can be many in a product.

iii) Itis good for creativity if an idex is evaluuted iuhmediatety after generating it.

iv) Value Engineering is equally applicable to products, "ystems; procedures,

services.

v) L.D. Miles developed the FAST. it

Choose the most appropriate answer from the following:
a) Value Analysis concepts were developed by:

i) Arther E. Mudge

F.W. Taylor

ii) G.B. Dantzig

iv) Henry Gantt

v) Frank Gilbreth,
b) The basic function of a telephone is to:

i) " transmit messag:

if) provide status

iii) provide safety

iv) @Brmit dialogue

v) allow discussion.

v

W
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¢) The tie clip as product is;

1) primarily use value-oriented

1) primarily esteem value-oriented

iii) substitutable by a paper clip.

iv) not amenable to Value Engineering concepts

v) oo trivial for applying Value Engineering.

Suppose the following five attributes arc identified to evaluate a value alternative

’ initial cost; functional performance; reliability and maintainability; product
appearance; and, dependence on supplier. Use paired comparison approach to
determine the relative importance of these attributes.

6 Identify the basic and secondary functions of a typewriter and arrange them in a
| descending order of importance. : ;
; 7 Write an essay on how to organise value engineering function in an electronic

“industry,

w
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8 Why are suppliers sometimes helpful in value analysis programmes? How can they
-+ help? Does it violate your concept of good business ethics to involve them in your
: problems? i - ‘

9 Critically examine the following statement: “Value Engineering is more of a
human relations, team building and motivation programme than anything else™.

10 Study the following situation and attempt to answer the quéstions raised.

Thomas is a purchasing manager of a company making do-it-yourself power tools. The
presidént of the corupany entrusted him the task of cost reduction through value
- analysis.

Thomas organised a display of all bought out parts and sub-assemblies and the fancy
Drill-A-Thon, made of castings, stampings and termings to draw the most attention. It
had been designed and turned over to a supplier before purchasing became a separate
profit centre under the president. In response to his queries to improve the assembly

he got the following responses from three visiting salesmen. R
The first company said that they would really gain price advantage if plastic instead of
metal was accepted. The second company offered to make the product with fewer

parts while the third eompany suggested that the best way was to assembile it within

and they would supply parts at rockbottom prices. ’

Vice President of the Deen Dayal Industries Pvt. Ltd. who are the present suppliers
rang up Thomas to express his concern in offering the products his company had been
supplying for long to others and wondered whether these newcomers could make a
better offer. He expressed a desire to be given a chance to reduce cost by trying value
analysis. The chief design engineer also ridiculed the idea of going for plastic in place
of metals and saw in it a conspiracy to cheapen their merchandise.

Thomas thus faces a conflict of view points. The president has given an ultimatum to

reduce cost by at least 5 per cent, and his company’s design experts are uneasy about

outside interterence. Would-be-suppliers are anxious in re-designing Drill-A-Thon to

fit their own shops Now:

i) How can Thomas start a sound value analysis programme?

i) How should he handic the reactions of his present supplier?

iii) In what way can he use the offered help of the would-be-suppliers who can be
genuinely helpful? \ :
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UNIT 15 QUALITY ASSURANCE
Objeclivgs )

After successful completion of this unit. vou should be able to: i

*® appreciate the role of quality control, quality assurance and quality assessment
® design asingle sampling plan . :
® draw an operating eharacteristic curve for a given single sampling plan

® compute the AOQL

'® assess process v iability

® draw up an X adR Chart

® decide whether a process is in control or not.
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Structure :
15.1 Introduction
15.2 Concept of Quality '

15.3  Cost of Quality
15.4  Quality Management
13.5  Quality Organisation
15.6  Acceptance Sampling
15.7 Pgocess Control
'15.8 Useof Computers in Quality Control
15.9  Summary
15.10 Key Words
15.11 Self-assessment Questions/Exercises
15.12 Further Readings

15.1 INTRODUCTION
- "

You all must have come across the word quality in different contexts. All of ug look
for good quality in goods and services. We ali realise the fact that the major
achievement of industrial revolution has been the ability to mass produce a variety of
goods of uniform quality. the classic example being the automobile. You will agree
that the characteristic which Sets apart Japanese goods as a superior class, is precisely
their quality. In this unit we will describe the assessment, control and management of
the quality function in an industrial organisation. We will develop a simple working
definition of quality and then outline the assurance aspects of quality management.
Statistical techniques have contributed substantially to the success of modern quality
control. Two.of the important statistica] techniques, viz. Acceptance Sampling and
Control Charts will be developed in detail, Finally we will outline the role of
computers in the area of quality control. :

—_—

While this unit will outline methods and techniques which are useful in quality control
and quality management, asuccesstul quality improvement wil] depend on the skill
and efficiency of the manager in using these techniques,
—— ey ol b Ll

15.2 CONCEPT OF QUALITY
=2 LONCLPT OF QUALIT

Even though we all talk of quality, it is noj casily defined. Before we give a definition,
it will be a good idea to give your own definition.




ActiviBA |
‘In the space provided, write down your definition of quality, in your own
‘words, also. Also write down how quality can be measured.

One of the accepted definitions of quality is fitness for use. An equally good detinition

- is conforinance to requirements. Note that in both the definitions quality is defined
relative to,use, rather than as a géneral characteristic that may be intangible. By thiz
simple, yet practical definition, if a product or service lives up to expectations, it is of
high quaffly. On the other hand; extra fine finish or using materials that are far
stronger than required does NOT #dd quality to an item unless it somehow causes the
item to conform.to its requirements better. To appreciate the definition of quality, try
the following activity. iy -
Activity B , _ ‘
Judge the quality of the set of notes youare reading based on these definitions.

You will notice that the same item may be perceived to be of'quite different quality
based on individual perception of end users. You should always keep this point in
mind.

15.3 COST OF QUALITY

The term cost of quality ‘s often a misnomer. Cost of quality is a measure of the cost to
@ firm for alack of quality. Itis very difficult to measure and often cannot be found
in account books. One has to carefully bick calculate, as most of the cost elements are
hidden. )

Quality costs are distributed throughout the organisation.. Most organisations include
only the cost of qua!ilnontrol departments whereas the cost of inspection, and °
measuremerffftarried out in production departments are often ignored. More
@ portantly the cost of bad workmanships; wastages, rework, etc. arc often'not

. [kluded in quality costs.-Careful examination of quality costs should account for
Prevention, Assessment, Control'Cﬁts and costs due to lack of control.

“Quality is free, but it is ot a gif This statement sums up the opinion that effective
permanent quality improvement is difficult to achieve but more than pays for itself in
increased productivity. : :




15.4 QUALITY MANAGEMENT
Quality assessment is an investigation of the level of quality being achieved. Quality
control on the other hand, begins with assessment. and includes action taken to
eliminate unacceptable quality. The typical quality control programme is based on
periodic inspection, followed by feedback of the results and changes or adjustments
whenever necessary. Quality assurance includes quality control, but it also, refers to
emphasis on quality in the design of products, processes and Jjobs and in personnel
selection and training. Total quality control refers to the managerial commitment to’
quality 50 as to include the quality aspect in every functional area of work,-production,
marketing, finance and personnel. It also includes behavioural science based
techniques like Quality Circles, Zero Defect Programmes. Nagurally, the
management of quality is an extensive area afstudya L nianen

5T ik

o
uality assurance as an idea is quite old, but a systefatic inclusion df":ﬁtwli_ty,

assurance in organisations is a twentieth century phenomenon. Statistical méthods of
quality control were first proposed by Shewart in 1924, in the United States. Intensive
training courses in statistical control popularised by the American and Japanese
industry contributed to much of the success of quality control programme. Recently
the concept of Quality Circles has been a runaway success in Japanese industries. A
quality circle is a group of employees whose assigiiment is to identify problems,
formulate solutions, and present their results to management with Suggestions for
implementation. It is getting increasingly popular with employees and management in
India also. ) :

15.5 QUALITY ORGANISATION .
- QUALITY ORGANISA’

A common mistake is to view quality as the responsibility of the department that
produces the goods or services. Lack of conformance, however, can be a problem of
design or even advertising. Consider the manufacture of automobile transmissions. If
the gears are improperly designed, the transmission will fail despite the best quality of
the manufactured gears. That Quality is Everyone’s Business must be understood by
everyone in the organisation,

Also, quality begins at the product concept stage and extends throughout the
development, production, delivery and use of an item. Causes of paor quality can

- occur anywhere in the organisation, from top management to the shop floor worker,
in accounting, production, sales, service or any other functional area of management
(including the quality control function itself!). Some quality problems have routes
outside the organisation, such as defective supplies from a vendor or incorrect
specifications from a customer,

To achieve success, a major commitment to quality must be made by top
management, and it must be visible to all the employees. Major quality problems
often cross departmental lines, so barriers o system-wisc actions must he removed.
Quality improvement must be established as a positive effort rather than blaming the
assignment. In general, training is the key to the success of quality control, Keepipg
these principles in mind, several alternatives exist for organising the quality control
function.

Activity C

Ascertain from your organisation how the quality control function is setup. It
may be a good idea to draw up an organisation chart.




15.6 ACCEPTANCE SAMPLING

. One of the powerful statistjeal technigues of quality control is Acceptance Sampling.
This techniqueis generally used in those situations where items are inspected in
batches, generally known as lots. For example, you may receive a shipment of 10,000
electric bulbs and you may have to decide whether te accept the shipment or return it
back to the supplier. The acceptability will depend on the acceptable quality of the lot.
which in turn depends on the use and the price you are willing to pay for this quality.
Suppose you-decide to accept if the average fraction defective is less than 5 per cent.
Then to ascertain the actual quality you may decide to inspect cach and every bulb.
Such u strategy of 100 per cent inspeetion, however, may often be cxpensive and
impractical. In such cases a more intelligent way is 1o use the.concept of Sampling
Inspection.

Bictivity D

Think of a common situation where 100 per cent inspection is

a) Impractical

b) Impossible

The idea of sampling inspection is to inspect only a small portion of the lot and inE
the quality of the lot, based on the quality of the sample. Acceptance is based on the
inference made from the sumple and hence the-technique is known as Acceptance
Sampling. Typically a lot is specified by its size (N) and the fraction (f) of defectives
that are expected to be present (at the most) in the lot. The principles of statistics are
used in the inference prmﬁs.

nerestiug,ly the concept of acceptance sampling is no different from the strategy
adopted by a typiE) housewife who decides whether or not a pot-ful of rice is cooked
by inspecting just a spoonful of grains.

Two things must be kept in mind. In order that sampling inspection might work, the
sample must be representative of the lot. Typically.this is ensured by choosing the
sumple at random so that every portion of the lot has equal representation in the
sample. Such a sampling is known as Random Sampling. Second, a sample is only
representative and not identical (in characteristic) with the lot. In the inference
process, therefore, a few good lots will be rejected and a few bad lots will be accepted.
We can control such sampling edfrs, but they cannot be eliminated. In fact in the
design of sampling plans we will ensure that the errors are kept below certain
acceptable levels.

Sampling Plans

We will first consider a single sampléng plan in which accept/reject decisions are based
on the results of a single sample of n items from the lot of nitems. Each of the n
cample items is inspected and categorised as cither acceptable or defective, Such a plan

nown as Sampling by Attributes (we will not discuss Sampling by Variables in this
unit. The interested reader may refer to the references cited at the end). If the number
of defective items in the sample exceeds a pre-specified cut off level, ¢, the entire
batch is rejected. (Depending on costs. a rejected lot may be scrapped, 100 per cent
inspected or returned back to the manufacturer). Since a finding of cor fewer
defective items in the sample implies accepting the batch, ¢ is often referred to as the
acceptance level. A Sampling Plan is specificd by the values of n and c.

The sampling plan is supposed to separate good lots from bad lots. As mentioned
curlier there are bound to be sampling errors. We will now study the probabilities of
such error graphically. using an Operating Characteristic Curve.




[he Operating Characteristic Curve .

tis useful to have a simple picture that allows us o compare sampling plans s to how
hey will react to different lots with unknown. varying fraction defective. Such a -
:omparison is-provided by the operating characteristic curve (OCC) which displays

he probability of accepting a lot with any fraction defective.

n=150,¢c=6

Probability ot Accepting the Sample (k)
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Figure I: Operating Characteristics Curve

Figure I shows OCC for two single sampling plans A and B with n = 35, c=1and
n=150,c=6, respectively. For example, suppose that a lot with F = 10 per cent
defectives is considered to be abad lot and a lot with f=2 per cent defectives is
considered to be a good lot. From Figure I, it is clear that sampling plan A would
stand a 14 per cent chance of accepting a bud lot. The same unfortunate €rror can
occur with the sampling plan B, with larger sumple size also, but the probability of
error is much smaller. In fact it is only 1 per cent. The sampling plan B is also better at
not rejecting good lots (f=2 per cent). Sampling plan A has 16 per cent chance of
rejecting a good lot whereas sampling plan B has only 3 per cent chance of rejecting a
good lot. :

Itis not surprising that a larger sample does a better job of discriminating between
good and bad Iots. It has more information. However. the price for increased accuracy

is higher inspection costs, The design of a sumpling plan has to optimally trade off cost
with discrimination.

The values of the ordinates of the Operating Characteristic Curve are determined
from the Poisson Distribution. The actual details can be found in the advanced texts
listed in the reference, :

At this moment, pause for a while and check for yourself whether you have
understood OCC. Do the following activify.
Activity E
a) How will the OCC change shape as
i}nis increased, keeping c constant,
ii) ¢ is increased, keeping n constant,
b) What will be the limiting shape of the OCC.,
¢) Can you interpret your answers to (a)and (b).




Design of Single Sampling Plan

You have to design a sampling plan (n. <) that has an OCC that meets certain
pre-specified requirements. Generally the design is based on the following criteria
that are related to the probability of making either of the following errors: accepting
bad lot (3) and rejecting a good lot («). The criteria are established subjectively and
ultimately should reflect the cost of accepting a bad lot or rejecting a good lot.
Needless to say before o and B values can be specified. one has to decide what is a
gooddot and what is bad lot. Tnvariably this is done by specifying the lower/upper
limits of fraction defective (f), as illu;trellc,d below:

AOL (Acceptable Quality Level) the fraction defective (f) that the user considers
acceptable. Thus if a batch were known to have 4 fraction defective equal to AQL,
it should not be rejected. oo

LTPD (Lot Telerance Per eent Defective) the fraction defective that defincs a bad lot
or one that should be rejected. Of course AOL must be less than LTPD.

Producers Risk («) the largest allowable probability of rejecting a good lot (duc to
statistical error). Note that a good lot has fraction defective less than or equal to
+ AQL (generally 5 per cent). '

Consumers Risk () the largest allowable probability of accepting a bad lot (due to
statistical error). Note that a bad lot as fraction defective greater than or equal to
LTPD (generally 10 per cent).

Example
Consider a manufacturing situation with the following values:

AQL = 0.02, a =005
LTPD = 0.10, g =001

From Figure I you can verify that sampling plan A (n=35,¢c= 1) has a probability of
acceptance of 84 per cent for a fraction defective of 0.02 (AQL). In other words this
plan has a 16 per cent chance of rejecting a good lot. Similarly, ithas a probability of
0.14 of rejecting a bad lot with = 0.10 (LTPD). Since both the values are higher than
the allowed values of 0.05 and 0.01, respectively, this sampling plan is not acceptable.
Only larger values of n can yield better discriminating power.

The sampling plan B(n=150,c= 6) has the probability of accepting a good lot by
47 per cent and probability of rejecting a bad lot by 1 per cent. In other words it has
B valuc 0f 0.03 and B value of 0.01. This discriminating power is even more than
what is needed. The plan is acceptable but it may be possible to get the required
discrimination with smaller sample size and:in turn with a lower inspection cost.

One way to decide the optimal sampling plan s to search through several sampling
plans with n values between 35 and 150 and select the one that matches o and B values
more closely. An easier way is to use Thorndike Chart (Table 1). This chart can be '
used for




a) Plotting OCC, and
. b) Designing a Sampling Plan.

We_wiH illustrate the design of sampling plan using this chart. Before we move to this
topic, ensure that Plan A does not meet the requirement and Plan B meets imore than
the requirements, by following the arguments given earlier.

To design the sampling plan follow the instruction at the bottom of the chart. Note
that we have to read off 3 = 0.01 and (1~ a) =0.95 rows only. We first need to find a ¢
value for which wa/p, = LTPD/AQL. For this problem LTPD/AQL =0.10/0.02 = 5.
Starting with c=0, we read off np=4.6052 and p..=0.0513 and so /e = 5isnot
satisfied. Continuing with C=1, 2,3, 4,5 we find that for C=6,
n.plp.ﬂ=14.5706!é285355. Hence we choose c=§.

To get the value of n, the limits are ng=p,/LTPDL and n,=po/AQL. Reading offthe -

' \J{b!e we get.
v ng = 14.5706/0.10 = 146
n, =3.2853/0.02 = 165
:I‘lble 1
Thorndike Chart for Single Sampling Plans
Acceptance Number C
0 1 2 3 4 5 6 7 8 9 10
Acgeptance q .
Probability P, #=nl=expected number defective in the sample_

0010  4.6052 66383  8.4059 10,0450 11.6046 13.1085 14.5706 16,0000 17.4027 187831 20,1447
Brows, entries 0.025 3.6889 5.5716  7.2247 87672 10.2416 11.6683 13.0595 14.4227 157632 17.0848 18.3904
denoted py . 0.050  2.9957 47439  6.2958 7.7537  9.1535 105130 11.8424 13.1481 14.4346 15.7052 16.9622
0.100 23026 3.8897 53223  6.6808 7.9936  9.2747 10.5321 11.7709 12.9947 14.2060 15.4060
0200 1.6094 . 29943 42790 5.5150 6.7210 7.9060  9.0754 10.2325 11.3798 12.5188 13.5507

0.500  0.6931 16783 2.6741 3.6721 4.6709 56702 6.6696 7.6692 . B.6690  9.6687 10.6685

0.800 02231 0.8244 1.5350° 2.2968 3.0895 39037 47337 SS5761  6.4285 72892 8.1570

(1—a) rows, 0.900 0.1054 0.5318 11021  1.7448 24326 31519  3.8948  4.6561 5.4325 6.2213 7.0208
entries denoted Py 0950 00513 03554 08177 1.3663 19701 26130 3.2853 3.9808 4.6952 5.4254  6.1690
- .. 0975 00253 02422 06187 1.0899 1.6235 22019 28144 34538 41154 47954 5.4912

0.990  0.0101 0.1485 04360  0,8233 L2791 17853 23302 29061 35075  4.1302 4.7712

1 To plot an OC curve for a given sample plan (n,c): (a) Find the column for your ¢ value. (b} Divide each number in that column by n. The
results are the f values for.the horizontal axis. () The P, values, for the vertical axis, are in the far left column.
2 Tofinda singlesampling plan: -
a) Find ¢ for which puy/ue. < LTPD/AQL. o
bl Then choose any n between Ny = up/LTPD and n, = ks/AQL. ’
3 Tofind the acceptance probability for a given n,c, and I: (a) Multiply (n) (f). (b) In the appropriate ¢ columm, find values above'and belcw nf.
(f._:} In the P, column read upper and lower limits for B, in two rows from step (b) (interpolate, if you wish).
“Hence sampling plans with size in the range of 146 to 165 will satisfy the requirement.
‘The exact.values of « and B for any sampling plan can be determined using Thorndike
Chart againghe exercise at the end of the unit will give you an opportunity to design
many other sampling plans and decide-the exact values of Consumer’s Risk and
Producer’s Risk. ~ . L

Average Qutgoing Quality o - .

“The inspection process rejects lots with high fraction defectives. After rejection either
you may stop, or you may continue the inspection of all the itemns in the rejected lot
and all defective items are replaced with godd items. Such a policy is knownas
Rectifying Inspection, R ) S :




In rectifying inspection, all outgoing lots consists‘of N items either accepted ones or
rejected ones. Suppose a lot has incoming fraction defective f. If itis accepted (N —n)
items remain uninspected. We, therefore, expect f (N — n) defectives in the accepted
lots fassuming that the defectives found in the sample are replaced with good ones). In
contrast, if it is rejected and hence (100 per cent rectified and inspected) there are no
defectives. Thus if P, is the probability that the sampling plan will accept the lot,

(P (DN =n)+(1=P,) (1)
N

Outgoing fraction defective=

T . ) =k

A plot of Qulg,u_i;lg.l’r;}c-i,ipn defective against incoming fraction defective () is
generally called the Average Outgoing Quality (AOQ) curve. Figure 11 shows the
curve for sampling plan B (n= 150, C=06) of the carlicr example. This curve has a
surprising property that, as f increases, there comes o point at which the outgoing
fraction defective actually begins to'improve. The reason being that the sampling plan
rejects most bad lots and they are rectifiédf through 100 per cent inspection.

The most critical incoming fraction defcctive f gives the worst outgoing quality. On
the average, the value of that critical fis not important but the corresponding outgoing
fraction defective generally known as average outgoing quality limit (AOQL) is
extremely useful. No matter what the incoming fraction defective is, the long-run
average outgoing fraction defective will not be worse than AOQL.

3%

2%

1%

Outgoing Fraction Detective
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0% fe 5% ) 10%

Incoming Fraction Defective it
Figure 11: AOQ Cwwe for Sampling Plan B(N = 10,000}

You dt_) not have to determine AOQL by plotting the AOQ. One can use the
following AOQL factor table. To get the AOQL simply use the formula,

AOQL = (AQQL factor) ? ;T




Table 2
AOQL Factor

;\cceptnm_:e Number (C) AOQL factor (Y)

0.3679
0.8400
1.3711
1.9424
2.5435
3.1682
3.8120
4.4720
5.1457
5.8314
6.5277

R B R N

—

Convince yourself that you understand the mechani$m of determining AOQL by
doing the following exercise. tiaw Phetie

riley {8
ivity F . . L
a) Using OCC for sampling plan B draw the AOQ curve over the range of 0-10 p
cent fraction defective and determine AQQL.
b) Verify your answer to (a) using AOQL factor in Table 2 and the formula.
Many managers prefer to usc the AOQL as & criterion for designing a sampling plan
rather than trying to decide on values of AQL, LTPD, a and B. Dodge and Romig
(1959) present tables that are designed for this purpose. In fact these tables meet the
requirement of a specified AOQL and minimise the expected number of items
inspn@ted per lot. . )

jhe OCC approach and AOQL based approach are but two of the many other
proaches that can be used to design asampling plan. Choice among them is a match
personal experience, the exact situation and the abjectives of the organisaticn.
cgardless offfhe approach, all sampling plans have both an OC curve and an AOQ
curve, so the principles discussed in this unit can be used to evaluate any sampling

an.
Eouble and Multiple Sampling
Extensions of the singie sampling plans to double and multiple sampling plans are also
available. In a double sampling plan; after the first n, samples have been inspected
there are three choices depending on the number of defectives found:
L reject the lot
2 accept the lot, and
3 draw a second sample of n, items,

If choidE)(3) is made the final accept/reject decision is made on combined sample of
-1 Hgg items. A multiple sampling plan operates in the same way, but with.more than
two safgples. Double and multiple sampling plans reduce inspection costs because
ny accept/reject decisions are made based on the first sample which is smaller than _
hat of the single sampling plan. However. singie sampling plan is more common and
casy tc use. Details'of multiple sampling plan are found in references.

15.7 PROCESS CONTROL

Varial»dity _ .

All'products and services have a certain amount of natural variability because of
variations in the input as well as imperfections in the process. For example, different
quality of raw materials could have been used and diffc' at quantities of chemicals
could'have been used in the process. This process variability may be measured by the
process standard deviation o, which ifidicates how much the products will vary even if
the process is in control.




Products have to meet specified tolerances imposed by their intended use. Accordingly
{he natural variability must be substantially smafer than the specified tolerance. This
is explained in Figure III in which the central line is the desired average of the process
and the dashed lines are the *3-Sigma limits’ representing the natural process
variability. s
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Figure I1I: Process Variability

11 can be shown thut variations of more than 3w frem the process average are very
unlikely. In fact it 1~ about 0.25 per cent if the process follows the normal distribution
and definitely less than 5% for most processes. The solid lines represent the tolerances
specified by the intended use of the product.

Within the specificd tolerances, a certain amount of process variability is to be
cxpected. However, it is the goal of the statistical process control to determine when
the pracess variability is getting out of hand so that corrective action can be taken,
preferably before the required tolerances are violated. This is generally achieved by a
Control Chart .

Control Chart

In order to provide rapid feedback to an ongoing production process, methods
somewhat different from acceptance sampling are appropriate, Samples are taken as
soon as they are available, rather than waiting for the completion of a lot. This affords
the opportunity to detect unplarffled changes-in the process, shorily after they occur
and take a quick action, such as adjusting the machine. -

The most common device used for this purpose is Shewart Control Chart introduced
in 1931. The control chart is a visual display of the result of an inspection process
incorporating carefully derived limits to indicate unusual behaviour. A control chart
can be based on categorical information or actual measurement. Accordingly, they
are called control chart for variables and control chart for attributes. Since control
chart for variables are more commonly used and more powerful, we will describe
them first.

The control chart is based on the idea that the average of a sample of several items wil
tend to cancel out the normal process variability, so that undesirable changes in the
process will be more visible, We will illustrate the idea through an example.




X and R Charts

Consider XYZ Company Eat.uses an automatic machine to fill 1kg. boxes of sugar.
The tolerances are specified as 1.000 kg. on the lower side (legal requirement) and
1.005 kg. on the high side (no point-wasting sugar). Since the spread is only 0.005 they
selected a machine that has a natural process variability of =0.0003. The three sigma
limits cf the machine therefore are 3(.0003) = 0009 kg. above and below the mean.
The spread is .0018 which is narrower than the specified tolerance of .005. They adjust
the machine to fill boxes with an average 1.0025 kg. half way batween the tolerance
limits.

An X Chart (Average Control Chart) was set-up to-detect when the machine goes out
of control. In order to reduce the natural process variability, samples'of n =5 boxes
were weighed, and the average weight per box, X, was recorded for each sample.
Figure IV shows the control chart used for this machine and the four points plotted on
the chart represent the X values from four samples (a total of twenty 1 kg boxes) We
shall examine the details of the chart. :
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Figure IV: X Chart

There is an apparent trend in X. The samples seem to bé getting progressively |
heavier, However, appearances notwithstanding, the trend in the Figure IV may be X
dye to random fluctuations, It is for this reason that we must incorporate the concept
of statistical significance in our discussion. The standard deviation of the sample
average is expressed thraugh the formula,

“K=¢/V n

- Therefore, the averages.of n=>5 @xes of sugar should have a standard deviation of
“X=0.0003/v" 5=0.000134 kg. The control limits in Figure IV represent 3 sigma
limits and are therefore (3) (0.000134) = 0.0004 above and below the intended average
of 1.0025. If a sample average falls outside these control limits the deviation from the
process average is statistically significant.

The fourth sample X is on the control limit and therefore there is a strong statistical
evidence that more sugar is put into the boxes than what was intended and the
machine needs adjustment. -

The RChart (Range Control Chart)isalso used to control Lheprocesses Therangeofa
sample is-the largest value minus the smallest. An R chart is appmpn if process
sometimes goes out of control in such i wav that there i the valiae




but no shift in the mean value of the process. For example, a worker who is basically
good-might produce an inconsistent set of sizes (of some manufactured product) when
he is fatigued. The R chart used to plot the data of XYZ Company appears in
FigureIV. i .
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i Figaresl: R Chart

The contrpl limiis for R chart agggdetermined differently. There is no need for lower
control limit which i_s‘gencrally% n=6it is zero) zero. Table 3 is used to set the
upper coniro!éjuf, for an R chart and factdr D, from the table is multiplied by the
process stan phdettistion, 0. In the case of XYZ Company data, D,=4.918 (fora
sample size of 5) and hence upper control 1imit=(0.0003) (4.918)=0.00148. As can be
segn in Figure IYms;ati_sticauy significant shifts are present.

Taple 3
R Chart Factor

Sample Size Dy

3.686
4.358
4.698
4918
5078
5.203
3.307
5.394
5.469

O M Do~ O R N

—_
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Verify the control chart for the example given in Figure 1V. The data regarding
the samples as in Table 4, '

Table 4
Weights of Twepty 1:kg. Boxes
" ox il Sample 1 Sample 2 ple 3 wple 4
1 1.00218 1.00266 1.00266 1.00306
2. 1.p6298 1.00242 1.06290 1.00266
3 1.00210 1.00258 1:00223 1.00234
4 100226 1.00250 1.00250 1.00322
5 . . * 1.00258 1.60234 1.00301 1.00322
Average 1.00242 1.00250 1.00266 1.00290

Range - i 0.00088 0.00032 0.00078 0.00088




o 1
Determining the sample size is an important decision. It is common to use n=4 or
n=>5in order to olgain low cost feedbagk. Large samples such as n=15 or 20 are
necessary if the pracess standard deviation is large. To a large extent this will depend
on the rate of production, convenience and other considerations as well. Similarly, it
is important to decide the frequency of sampling. It should be in general proportional
to the average frequency of out-of-contrel conditions. It is a fairly complex decision to
make if one were to look for some optimality. Generally, it is decided by convenience.

Other Control Charts

There are several other control charts, including the p-chart which is used to control
the process when the measurement is by attributes. In other words the decision is only
ta decide whether or not the sample item is acceptable. No measurement is taken. For
example i using the GO/NO GO gauges one gets only.such a measureﬁnt.

'The p-chart is based on the fraction defective, p, inasample of n items..If pp
represents the normal process defective (i.e. when the process is in control) then the

-3 sigma control limits are,

This is based on the fact that the number of defectiveghas the binomial probability.
The control chart is used just like an X chart, exgeptuhat the fraction defective p is
calculated rather than X for each sample of n items and a lower control limit is often
omitted. i —_
pn.i' 3 Eh{l_pti_i

. nf _
This is basefih the fact that the number of defectives has the binomiat.probability.
The gontrol chart is used just like an X chart, except that the fraction defective p is
calculated rather than X for each sample of n items and a lower control limit is often
omitted.

Sample sizes are typically larger for p-charts then for X-charts. Since the information
content of a yes/no measurement is much smaller than the actual variable
measurement, it can only be ¢xpected. In fact, the required sample size can be
computed approximately from the following formula.

=[ 1.645Vp(I-p)+3 po (1—py) r

Pt — Po

2
In this formula pagthe normal process fraction defective, p, is the specified fraction
defective that is unacceptable. (po like AQL and p, is like LTPD in acceptance
sampling). .

For exgmple. consider ABC Company that makes ready-made shirts. It has®een
und that 4 per cent of the shirts are defective when the process is under control.
C (Fimpany wants to be able to detect a shirt to 12 per cent defective on the basis
of one sample of n items. The formula for n suggests a sample size of n=197. The
upper control limits will be

Pt 3. /pa(1-p)/n=8.19 per cent
15.8 USE OF COMPUTERS IN QUALITY CONTROL

Nov»[-a-days with most of the comp
quality control packages ate availa
linked directly to take the sample ;
These packages are likely to take

uters including personal computers well written
ble. In some special cases these computers can be
measurements and control the process on-line,
much of the chores associated with the lengthy




calculations and make the applicauon of quality control techniques far more easy and

. vat affartiva _

15.9 SUMMARY

Quality is fitness for use, Using this definition leads to many opportunities to improve
both quality and productivity simultancously. Many quality problems have causes that
cross departmental boundaries. So a good quality management system must make the
entire organisation responsible for quality. Statistical methods are important tools for
quality control. They separate random variations from real assignable causes of

. deviations from normal. Acceptance sampling lielps in deciding the quality of a large

" batch (lot) from an inspection of small sample. The operating characteristic curve
precisely gives the risks associated with any. sampling plan. The design of a sampling
plan can be based on Operating Characteristic Curve as well as Average Outgoing
Quality. Control charts display the results of inspecting a continuous process. This
provides convenient and rapid feedback suggesting when feedback, overhaul or
EBjustment, may be needed. The design of control chart is based on sound statistical
principle regarding the behaviour of sample mean.

The statistical methods described in this unit are used widely in manufacturing and
service industry. They are also the basis for many of the commonly used, yet more
complex, schemes described in the references: -

- 15.10 KEY WORDS

Consumer’s Risk: Probability of acceplil;g abadlot.

Producer’s Risk: Probability of rejecting a good lot:

0CC: Operating Characteristic Curve. '

AQL: Acceptable Quality Level.

LTPD: Lot Tolerance Per cent Defective.

AOQ: Average Qutgoing Quality.

AOQL: Average Outgoing Quality Limit. :

Control Limits: Limits if exceeded imply that the process is out of confrol,

15.11 SELF-ASSESSMENT QUESTIONS/EXERCISES
1 What is the fundamental difference between the use of acceptance 'sampling plans
and process control charts?

2 Why are averages of samples used in control charts rather than individual readings?

3 Comment on the following: i
a) Itis important to inspect the inspector. )
b) As a quality improverhent programme is established, cost of quality increases. '
4 In the example in the text, the sampling plan A with n=35 and c=1has a=0.16
and = 0.14, both too large to be acceptable. - N
a) What would happen to a and B if ¢ were increased but n remained at 35?7
b) Why do we need to increasé both n and ¢ to lower both o and B? _
¢) If a batch contains 8% defective items, what is the probability that it would be
" rejected by the plann=40andc=1. - . N
d) Find a sampling plan for AQL=0.008, LTPD=0.01, &= 5%, p =10 percent.
- A manufacturing company produces a small product in lots of 10,000. They want to
be 90 per cent sure of accepting the-lot with fraction defective of 0.01 and
95 per cent sure of rejecting a lot with a fraction defective of 0.08. They do not
know anything about sampling plan design. They intuitively decide that they will
_take a sample size of 100 and accept if not more than 4 defective items are found.. .




“Je'rcasouing is that it amounts to 4/100=0.04 fraction defective which is roughly
the mid point of their acceptable and rejectable quality.
a) Does their plan achieve their goals?

. b) Suggest a better plan.

- €) What are the AO% values for these pians?

6 One of the important functions of a. hospnal laboratory is the perform blood
samples The quality-of this process is tested periodically be selecting five blood
specimens and dividing each specimen into two equal parts. Approxlmately
30 minutes after the first batch of five has been pmccgd its twin are submitted
and the results are compared. The followmg da,ta are taken at four dlfferem tlmes in
an 8 hours shift. . '

Batch 1 Batch 2 .. .
1.2 0.6 .
1.8 03 .. .
1.5 - 0.3
0.9 0.0 AR

0.3 0.6 herd

" a) Calculate the 3 sigma control limits for the process. Assume normal process

7) average to be 0.9 and the process standard deviation is 0.5.
‘What control limit will be used for range chart?
c) Is the process in control?

7 Using the data of Problem 6 calculate the mean and standard deviation of each of
the batch data. Use the average of the means and the average of the standard
deviation as the estimate of the process average and nrocess standard deviation
(instead of 0.9 and 0.5, respectively).

Rework problems 6(b) and 6(c).
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BLOCK 6 MATERIALS MANAGEMENT

Effective Materials Management involves maximising materials productivity. This
2quires well coordinated and integrated approach towards various problems

involving decision-making with respect to materials. Unit 16 discusses various

surchase systems and procedures. Problems related to reducing inventories in the

context of reducing uncertainties in demand and supply, reducing excessive material

- varieties are discussed in Unit 17. Issues of proper planning of store layout, issuing
policiés, avoidance of pilferage and losses are discussed in Unit-18. Unit 19 discusses
various standardisation, codification, and variety reduction methodologies for

.improving materials productivity. Finally, Unit 20 discusses how to minimise waste if
it cannot be totally eliminated.
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UNIT 16 PURCHASE SYSTEM AND
PROCEDURE

Objectives .

After completion of this unit, you should be able to:

® appreciate the need of professionalism in purchase

® 6finc the scope and objectives of the purchasing department of an organisation

e prepare the appropriate formats of input forms to the purchase departments for an
efficient processing -

e identify the demand characteristics of materials and their specifications,

management policies, legalities, etc. to identify the suitable purchase procedures

decide on selection of suppliers, timing, price, quality and quantity

decide on the forms, records and reports relevant to purchasing

evaluate purchase department ' :

evolve the procedures for vendor evaluation

design the organisational strueture for the purchase activity in an organisation

introduce computerisation of plréhasing activities.

Structure

16.1 Introduction: Role of Purchasing Function
16.2 Inputs

16.3 Restraints and Factors

16.4 Purchasing Decisions

16.5 Purchasing Organisation

16.6 Procedures, Forms, Records and Reports
16.7 Evaluation of Departmental Procedures
16.8 VendorEvaluation and Rating

16.9 Computerised Purchasing Systems

16.10 Purchasing in Government Organisations
16.11 Summary —
16.12 Key Words

16.13 Self-assessinent Exercises

16.14 Further Readings s
16.1 INTRODUCTION: ROLE OF PURCHASING
FUNCTION

Frorn_ our daily lif? we .know that every one of us depends on commodities and servi
supplied by other individuals or organisations. Similarly, every organisation, big or SIICIZSI]
to varying extents, depends on ‘r_nalerials and services from other organisatl'o-ns’g'l'hese '
ET:S:[; and ser;;csm are obtained through exchange of money. This process érf exchange
5 known al\rsl E;I:a » 2;3 In the present context, we shall concentrate on the purchase of

: ! - Viaterials constitute an important ingredient of inputs to the activities of several
ypes of organisations. Industries require raw materials, components and equipments for
1hc:lr production, service organisations require supplies, spare parts are requin:i for
mamntenance operations, and so on., ‘
Furtht::rmqre. in most of the organisations, the value of materials as compared o .
other inputs tothe system is high. In an industry, on an average abc.:ut 40 to 60.per”
cent of the total money is spent on materials and related. services. Similar estirr-lf::es

a .
}Jm:t}l}e iar;e sums of money involved can be made for public works departments
electricity t’?’?f,,dﬁ- developmental agencies, corporations etc. ‘




With the increasing complexities in materials’ characteristics and their usage vis-a-vis
ncreasing competition, the purchasing function has emerged as a specialised
organisational activity. In many organisations, it is regarded as a supportive functions.
However, inorder to attain the maximum contribution to the efficiency and
effectiveness of an organisation. the purchasing should be treated as one.of the
functional areas. -

Objectives

Purchasing principles are usually epitomised as buying materials of right quality, in

the right quantity, at the right time, at the right price, from a right source and also at

the right place. The main objectives are:

1 To make the user departments of the organisation from'time to time aware of the
range of the quality of materials available in the market and to maintain the right
quality of purchased materials based on standards, technical spécifications and

suitability as determined by the user depanments. .ceono 0t
2 To procure at the lowest possible cost consistent with quality and service ..o -,
‘requirements. . Voo e i

3 To ensure the minimum possible investment-in serviggieperations related to )
purchased materials, such as transportation, inspegtion, storing, record keeping etc.
4 To maintain continuity of the supply to ensure that scheduled activities are not
interrupted.
5 To integrate the requirements of all departments of the organisation in order to
take the advantage of economy of scale wherever possible and to also avoid
?dup!ieations of purchases resulting in wastes and obsolescence.
To create goodwill for the organisation through healthy buyer-supplier relationship.

Purchasing Functions

In order to meet the above objectives of the purchasing functions, the requisite inputs
and passible restraints and factors must be identitied. The purchasing function is
rcsponsiblenr a host of decisions. Figure I depicts the purchasing function.

“In addition to the outputs shown in Figure I, responsibilities of the purchasing
i department include other related activities- )
£ (1) Vendor Rating and Development, (2) Make or Buy, (3) Value Analysis,
' E, (4) Surplus Disposai, (5) Control and Audit. Maintenance and Development of
: Procedures, Forms, Records and Reports.
We shall discuss the relevent paints with reference to Figure [ in subsequent sections,
FigureI: Purchasing Decision Function.

e
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Activity A .-

Prepare the list of all household items under the following headings: groceries, clothes,
Kitchenette, electronic and elcetrical appliances, and furniture. Then classify the items
under: (1) used continuously. (ii) large single items, (iii) small value ilqms.

Review your actions and decisions for these items to meet the following objectives:

*a) To procure at lowest possible cost to ensure overall minimum investment, and

b) To maintain continuity of the supply to ensure ‘that scheduled activities are not inter-
rupted. -t

Ll iy

IS

%ZINPUTS B

The preparation of inputs constitute pre-purchasing activities and decide to a great
extent the success of the purchasing system. The inputs to purchasing come in the
form of requisition or indent from various departments and units of the organisation.
The success of purchasing department depends upon the quality of these inputs and
also upon thé ability of the purchasing department personnel to analyse the inputs to
the fullest extent. The most important inputs are: purchase requisitions and their
accompanying product specifications.

Purchase Requisitions or Purchase Indents

A purchase requisition is the primary amnllhonsatiun document describing the
needed items. Most organisations have a standard requisition form for the use of all its
departments. The format. however, mav change from organisation to orgamsation
The three most common types of the requisition forms are -

a) standard purchase requisition, '

b} travelling purchase requisition. and

¢) bills of materials,




1
a) Standard Purchase Requisition Form: !nis form is standard for a given
isation. Different organisations may use different formats. A standard purchase
requisition form is used for non-recurring requirements of items and normally
contains the following information:
1 Requisition number (for identification, may use blocked codes including a short
code for the department, name of the requisitioner, year, serial no. etc.).
2 Date of the requisition.
3 Name of the department/section.
4 Account to be charged (an appropriate head may be ticked out of standard account
heads). o
5 Description and quantity of items.
6 Purpose of the items. ) ‘
7 Date when items are needed. » et b
8 Approximate unit price and the total cost. ., . . e
9 Suggested suppliers’ names and addresses.
10 Signatures of the requisitioner, head of the department, approving authority (as
appropriate).

A sample format of standard requis.tion form is shown in Figure II. Space may also be
provided for the purchasing department to record:
1 Purchase order no.
2 Shipping instructions
3 Delivery date and quantity delivered. )
Figure II: Specimen of Standard Materials Requisition Form -

. STANDARD MATERIALS REQUISITION FORM

Date ........... o [ T
- DePATtMENUSECHON ...cuvuiinsriiriitiisicsinenrnssssssssnsiasssssssseasesesseassesemssssnseeseesesesesessessesnsasssmnsssens

Account to be charged: -

Sl De<cription of Items  Quantity Purpose Approx. Approx.

No. unit Total

price cost
TOTAL COST
Suggested Suppliers
(1) Name . .

2) . 3) ...

Address .....

:{-Iiequi.s-i!ioncr) (Head of the Department) (Approving Authority)
Activity B _ . .
Suggest some suitable place and procedure to indicate (a) price discounts, (b) urgency of
need on the standard materials requisition form shown if Figure I1.




b) Travelling Purchase Requisition: This type of form is used by stores for recurring
requirements for materials and standard parts. The requisition form is in the format of
a card for a single item containing the information about the item (name and brief
description, ﬁef or coded names of the user department, annual usage rate, re-order
point, order quantity) potential suppliers, records of receipts and issues, and so forth.
The card can be used for many requisitions. When the stock level dfops to or below
the re-order point; the card is sent to the purchasing department for placing the order
with the supplier. Sometimes a separate requisition form which is a brief version of
standard form, is also,used when it is not convenient to send the card. To identify that
the itgm, is requisitioned, a coloured signal clip is attached with the card until the order
is received. The entire transaction can be handled with minimum delay and without
much of clerical papss werk., .

A sample format of the travelling’purchase fequisition card is shown in Figure 1.

" Figure III; Specimen of Travelling Requisition Form

Lt = - Travellingd “Requisition Form
. T

Material description: ’ Ord'. r Quantity:
Part number: o Re-order Level:
Annual usage: User Departments:
Suppliers: '

. A

REELETS '
R.cqulsmoned Received REMARKS
Quantity . Quantity .

Date ) on hand requested Date Quantity

1

<) Bill of Materials: This is a list of all items for a finished product and is prepared at
the time of engineering drawing of the product. The bill of materials and the
production schedule are sent to the purchasing department which computes the total
requirements of each part for each period of the production. This eliminates the
necessity of typing numerous requisitions for usually a Jarge number of items.
Specifications

Specifications of an item intended to be purchased provide detailed description of the
characteristics and features of the item. These must be provided by the requisitioning
department by taking, if necessary, assistance from the purchasing department which
has acquired specialisation in the related matter. The major objectives of the
specifications are: (1) to let the purchasing department understand exactly the
features required in the item, (2) to let the supplier know exactly what the buyer
wants, and

(3) to permit the easier, quicker and accurate verification of items upon receipt.

Following arc the common types of specifications used to describe and grade the
itemns:

a) Market Grade: Market grades are used in case of items bought and sold in a market
place. Grading is done by comparison with a standard generally and widely accepted.
Trade associations, commodity exchanges and government agencies establish and
regulate such grades. Market grades arc limited to natural products such as wheat.
cotton, rice, lumber, ctc. The suitability and success of this system, however, depend
on the accuracy of grading and ability to ascertain the difference by inspection. )




b) Commercial Standards: These standards are used for the items atove commodity

level because of their widespread use. When a material or item is standardised with

complete quality description and established by customs, and accepted by the

government, its agencies ard industry in general, the material or item is said to be_

commercially standardised. Standard specifications have been prepared for many

items by the Bureau of Indian Standards. Commercial standards have proved to be of

great assistance in interchangeability for the user, and simplification of design,

purchase procedure. inventory control. and cost reduction. These play vital role in

mass production. ' o e
¢) Trade or Brand Names: Trade or brand names are used by some manufacturers fo
establish the identity of various models produced and to protect them from other.
substitute. Branded products are simplest to buy, procedurally. Specifying an itém by
brand name limits the scope of competition and indicates a reliance upon the integrity
and reputation of the supplier to provide consistent quality. This system of ’
specification can be very economical for low-cost lot purchases. . e

d) Material Specifications: These specifications define the physical or chemical
properties desired in an item. Items such as metals (aluminium, steel, copper, etc.),
drugs, oils and paints are examples of products with material specifications.

€) Performance Specifications: Rather than describing an item physically or
chemically, performance specifications describe the requirements about the
performance characteristics. The seller is free to choose the materials, methods of
processing and other details. These specifications are commonly used in case of
equipments, machines, tools etc. This method, however, requires proper selection of
supplier. The items supplied are tested to see that stated performance features are
met. Purchase of computer system is a good example of this technique.

mples: In case of special items of non-repetitive nature or where quality
chent is not rigid or when the quantity of items is so low that it does not justify
e formulation of specifications, specifications are established by specimens or
samples. The supplier is supposed to match the sample. Difficulty arises if the samples o,
are subject to change, physically or chemically. In case of mechanical parts for
replacement where the identification marks are not easily read, this method of ;
specifications by sample may be the only possible way of purchasing the item. %

8) Blueprints: A blueprint or engineering drawing is recommended for accompanying , *

a purchase requisition when close tolerance or a high degree of mechanical perfectan

is required. Blueprints are used for mechanical parts, and for construction and other
jects. )

Combined Specifications: Many products cannot be adequately described by a
single type of specification. In such cases, a combination of two or more specifications
may be used. Quite a few products for industrial uses are so complex that a
combination becomes a practical necessity. )

Activity C
For the domestic items listed in Activ ity A indicate the popular way(s) of specifications
against cach une of them.

16.3 RESTRAINTS AND FACTORS

R_es_u_'aints limit the alternatives available 1o purchasing department for its decisions.
Similarly, the type of purchasing procedure adopted will depend on the factors related

to the demand for the item In this sectio i i
. n, we shall discuss some of these restrain
and the demand factors. i

Purchasmg.d_ecis_igns are restrained by legal considerations, management policies,’ —
resource availability, market conditions and so forth. )




Eegal Consideration

The purchasing department commits a good deal of finance when a purchase ordc. is
placed. Itis, therefore, necessary to have s fficient understanding about the legal
aspects of purchase. The Indian Sale of Goods Act, 1930 and the Indian Contract Act
of 1872 cover some of important legal aspects. The important relevant laws are

(1) Law-of Agency, (2) Law of Contract, (3) Law pertaining to Sale of Goods,
including Patent Laws, Warrantees, Trade marks, etc., and (4) Arbitration.
Professional legal advice related to these laws is a must for major contracts involving
large su...: ~ money or extending over a long period of time like imports. Indian
Chamber of Commerce and International Chamber of Commerce have codified
general business terminology to minimise the friction between buyer and seller. In”
additicn to the legal precautions, emphasis should be on mutual trust and confidence.
Management Policies (Centralised vs. Decentralised Purchases)

; Management may choose between centralised and decentralised organisation or a
mixture of these two for purchases. Centralised purchasing has economic advantage
due to specialisation and input standardisation and thus. is an attractive strategy for
multi-plant and multi-location activities using related items. In addition it offers:

1 Development of specialised purchasing skills.

2 Consolidation of order quantities which can result in quantity and cash discounts.
3 Better control over inventory investment.

4 Less overlapping and duplication of effort.

5 Uniform quality and less variety of materials.

Centralised purchasing howeffBr, tends to be slow, rigid, and rule-bound, and may
turn out to be very costly for low-value purchases. Also, if item required by various

@ partments are unrelated and less frequently demanded, the advantages of
centralisation may be lessened. In such cases, management may decide to decentralise
the purchase.

{Resource Limitations

Finance is the major resource which can seriously influence the purchasing activities.
The corporate finance is shared by all the departments of the organisation and
purchase department must operate within the allocated budget. This may lead
sometimes to purchasing decisions scmewhat less optimal than what it would have
beén had the purchase department been able to get the finarice as and when desired.
Thus sometimes the advantages of quantity discounts might have to be foregone in
favour of overall financial planning of the organisation. Other resources such as
manpower, slorage space, and handling equipments also place limitations on
purchasing decisions.

Market Conditions

The market conditions relate to short-term market situations which are influenced by
supply and demand as well as overall national economy. Thus during shortage, the
reliability of supply be considerably more important than the price. The
purchasing strategies should, therefore, change to.cope up with these situations, and
ability to anticipate these conditions measures, to a good extent, professionalism

. acquired by purchase personnel.
Demand Factors

Based on the demand pattern, the items can be grouped into four basic categorics:

1 Items Used Continuously: Items that are continuously used with a fairly predictable
demand can be handled under blanket purchase orders (also known as open-end
purchase orders). A contract is negotiated with supplier(s) for a fixed period of time
(six months or one year) with quantities, delivery dates, discounts etc. The price
may be fixed. or kept open in which case the market price at the time of delivery
will be applicable. Blanket orders conserve the time and effort of the purchasing
department. !




2 Large Single Orders: The situation of large single orders usually occurs in case of
S!)CCJ‘Ti] machinery or other special goods, such as computers. vehicles, buildings etc
nOnSIdemhlc planning and evaluation are involved. The suppliers submit their bids
with all relevant details and purchases are negotiated by comparison and evaluation
of the bids.

3 Small-value Purchases: The low-cost infrequently used items are purchased usually
by the concerned departraents using petty-cash or by identifying some small local
supplier. For the value involved, it is not worth going through the complete cycle of
purchase process .

4 Normal Purcha. _s: Items other than mentioned above fall in this cutegory and are
handled by the normal procedure. i.c., fllowing the complete cycle of the purchase
process discussed above. . AT s

tivity D o I
E:r each group of items discussed ubove suggest suitable input forms as discussed in
Section 16.2 ol

16.4 PURCHASING DECISIONS

gith the purchase requisitions and specifications as inputs from the departments and
sections of the organisations, the restraints from the external environment and the
factors about the demand pattern, the purchasing department has to make several
decisions; Some are purely operational while some relate to p+licy formulation having
far-reaching impact on the long-term success of the organisation. In this section we
shall discuss the operational decisions. Policy related decisions will be covered in later
sections.

From purchase requisitions, the purchasing department generates purchase orders
which is a legal document. Purchase order forms vary in their format and their routing
through the organisation. A purchase order should contain at least the following:
1 Purchase order number (for identification).
2 Date of issue.
" 3 Name and address of supplier receivin the order.
4 Quantity and description of item(s).
5 Required delivery date,
6 Shipping instructions.
7 Price and payment terms.
8 Other conditions governing the order.




A sample of the purchase order is shown in Figure IV.

Figure IV: Specimen of Purchase Order

PURCHASE ORDER

No..ois Date..
To
§.No. Description " Quantity Unit Rate Amount
’ required Rs. P. Rs. P.
%ﬂl Value
aq
Payment Terms: ik

Dé]i\fer}lr Terms:
Terms related to Sales Tax:
Other Infﬁrmaliun:
Purchase Officer
Copy to: All concerned departments

1
We shall now discuss some of the decision function leading to preparation of the
purchase order.

Supplier Selection

Information on external sources of supply can be obtained from numerous
references: (a) industrial advertisements of the supplier appearing in newspapers
and periodicals, (b) supplier catalogues, (c) supplier salesmen, (d) trade journals,
(e) yellow pages of telephone directory, (f) trade directories prepared by
government agencies and trade associations, (g) list of suppliers approved by, the
government agencies, (h) enquiries through advertisements or individual
communications, and (i) records of the organisations past purchases.

After compiling the information about suppliers for the needed item, relative
proficiency of each potential supplier must be assessed on the basis of
comparative quotations of price, quality, quantity, delivery, and other services.
Other relevant variables are the supplier’s management capability, technical
ability, production capacity, depth of service, and financial stability. The purchase
order is then issued to the most promising supplier. The information about other
suppliers can be stored for future references.

Timing of Purchases

An organisation is primarily interested in an adequate supply of material at the
best price consistent with quality requirements. Timing is not a critical concern
when the purchases are made in price stable market but it becomes critical in
unstable price market situation. Following approaches may be adopted while
trying to time the purchases in response to market conditions:




QSpeculative Buying: It involves purchasing in excess of foreseeable
requirements in order to make profit (or imputed profit) from rising prices.
.Opportunities arise for such a purchase when price falls temporarily and the
organisation has sufficient working capital to tinance such speculative purchases.

b) Forward Buying: It involves purchasing in economical quantities exceeding
current requirements, but not beyond actual.reseeable requirements. This
proacti is otten used when prices are stable over time. It is adopted to obtaina
E/ou rable price, to get quantity discounts, to secure items when they are
vailable, and to protect against prospective shortages. It, however, assumes the
risk of increased inventory holding cost which ties up working capital.

¢) Hand-to-mouth Buying: This practice is resorted to satisfy only immediate
current requirements and may be uneconomical. This may be suitable in case of

" high-valuc items. It is not recommended for normal operaiions.

There are inherent risks in all these approaches in the environment of fluctuating
market and price instability. Two techniques may be used to reduce the financial
risk. :

a) Time-budgeting Purchases: Using time-budgeting piirchases, an organisation
can frequently purchase an item over a long periodic cyclic fluctuation at an
average price very close to average market price. This is accomplished by
purchasing small quantities over short operating periods of equal length.

b) Hedging: The organisation purchases the required quantity on the spot or open
market and at the same time sells the same quantity in the future market
contracting to deliver at a future date in order to mitigate the risk asgbtiated with
fluctuating prices. This approach, however, can be used in case of those items for
which organised commodity markets or exchanges exist.

Price Determination

‘Price per unit of an item comprises the unit purchase price, transportation cost,
handling cost, inspection, insurance and the administrative variable cost. The right
. price simply means the lowest possible total price for the organisation.

The typical approaches for price determination are published price lists, competitive
bidding, and negotiation. Price lists published by the suppliers give initial indication of
the price. In competitive bidding, the requests for bids are sent to several suppliers.
Usually the lowest bidder gets the order. Normal practice requires at least three
competitive quotations wherever possible, Generally competitive bidding is most
applicable to standardised products that are widely used and are produced to stock.
Bids are normally secured when the size of an order exceeds some minimum amount,

Negotiation is the approach resorted to when time is too short, the number of bidders
is too small, value of purchase is high, willingness to compete is lacking, or the
specifications are too vague. In such circumstances, the buyer contacts the potential
supplier and negotiates for the fair price and prompt delivery. An advance planning
and analysis are expected to bring satisfactory results out of negotiation.

While determining the price, shipping terms should also be clarified. The shipping
terms established (1) who will pay the freight charges, (2) when does the buyer take
the legal title to the goods, and (3) who will prosecute loss and damage claims against
carriers. There aré numerous terms of shipment, but the most common ones are:
a) F.0.B. (Free on Board) Buyer's Plant: The buyer takes the title to the goods when
the goods are delivered at his plant and supplier pays all transportation charges and
processes all claims against the carrier for damages or loss of goods.

- b) F.0.B. Seller’s Plant: The buyer takes the title wken goods are loaded onto the
carrier and he pays all transportation charges as well as negotiates all freight damage
claims with the carrier. :




¢) F.O.B. Seller’s Plant—Freight Allowed: Legal responsibilities same as in F.0.B.
seller’s plant, but the supplier pays the freight charges.”

d) C.L.F. Contracts: The price includes cost of mpaterials, insurance and f:eight.

¢) F.A.S. (Free Alongside Ship): Used in shipping by sea where supplier is, responsible
for getting goods to the ship, and the buyer takes title as well as all responsibilities
thereafter. ' ' :

Further, purchase contracts can be of fixed price (quite common), cost plus contract
(no definite limit to costs) or blanket order (fog,six months or one year) type.

Discounts: An important aspect of.p:,ic:_,ggthginaticn involves discounts that can be

secured. Following types of discounts are COMmMOon:

i Trade Disu:ount:“"_[’&_’pr}iie'.@:cert in distribugon channel when it is economical to
buy frofi ttie distributor than thie manufacturer. ' .

2 Quantity Diseount: For purchasing worth beyond certain amount of money.

3 Reasonal Discount: For purchasing{iplgf‘t'—s_e.gson.

., Cash Discount: For prompt ang “%i\;-iﬁﬁmcm.

Quality and Quantity

The process of determining right quality in purchasing implies striking a balance
between technical specifications and economic considerations. The right quality has
no absolute meaning but i$ specified in relation to a purpose. As mentioned above
most of the technical specifications are decided by the requisilionirig department. The
purchasing department should be instrumental in making the quality decisions by
making, to the requisitionig departments, available various market grades, trade
names, commercial standards etc. and corresponding prices and sources of supply to
enable them to specify quality of items. Once the quality standards are specified, the
purchasing department makes arrangement in collaboration with the requisitioning
department for the inspection of the items after delivery. Sometimes, inspection is
performed by un org wisational representative in the vendor’s plant. On-site
inspection can savc t me and money while minimising operational delays from the
inferior quality. For ormal items supplied in lots, inspection for acceptance is carried
out by sampling.

Procedurcs should be established for handling inferior quality. Shoutd the shipment
be returned to the supplier and contract cancelled? Shoutd the buyer rework the item
to an acceptable quaiity and bill the supplier? Shgiild only rejected items be returned
for replacement and :cceptable items retained? Such issues must be resotved in
advance to maintain :: long-term relationship. ' '

After determining the quality, the next important step is to detcrmine how much
quantity to buy and when. For items continuously used, the purchasing department
can collect the projected demands from various departments and then can incorposate
these details into the blanket purchase order. For large single orders, there is not
much to decide about the quantity. Small-value purchases are made as and when need
arises. For normal purchases usually two guantitics govern the ordering decision:
reorder-point an order quantity. When the stock goes to or below reorder-point an
order for quantity equal to order quantity is placed.

Reorder-point = Safety stock + average demand during the lead-time

. V2AD
Order quantity = ———

h
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~here,

A = fixed cost of ordering (Rs./order)

D = average annual demand (unit/year)

h = holding cost (Rs./unit/year)
Safety stock depends on the variation of demand and can be taken as 3 times the
standard deviation. /

In case of productibn components, the determination of right quantity can be linked
with the concept of Materials Requirement Planning (MRP).

Activity E

Analyse the formula for quantity determination whenvitems are not demanded throughout
the year at are demanded in a seasonal manner.

L)

16.5 PURCHASING ORGANISATION™ |

Purchasing department is usually undgr the General Mapager at par with other
functional departments such as engineering, finance, accounts, manufacturing,
marketing etc. Some times it is kept along with other related depastments like stores,
inventory and materials control, under materials manager who in turn is under
General Manager. Choice of an organisational structure depends on the votuq of
work and value of the purchase. A godd structure encourages the assignment 0
specific responsibilities, specific authoritics and smooth chains of command of
delegation. It should lead to the development of policies that permit routine decisions
to be made by subordinates.

Within purchase department, the styucture may be worked out using following
approachgs:

a) Organisation by Function: It is based on the principle that job should be organised
s0 as {0 promote maximum possible specialisation of skills. Total purchasing job is
broken up on the basis of specialisation, such as (1), processing of purchase
requisitions, (2) floating enquiries, (3) selection of suppliers, (4) preparation of
purchase orders, (5) receipt inspection and storing, (6) liaison with accounts section,
(7) records maintenance etc. Each job, or a group of jobs, is assigned to individual or
group of individuals who specialise in that work. This approach has obvious
advantages but suffers from the disadvantage of people getting bored doing the same
kind of jobs for a long time, and sometimes it leads to bureaucratisation.

b) Organisation by Product: The items purchased are classified into groups a nd each
group s assigned to a team of personnel who specialise in purchase of that particular
type of the materials. For gxample, a team may be specialist in buying raw materials.,
while other ig components and sub-assemblics., and so forth.

¢} Organisatian by Location: This is applicable for the organisations which are large
and have several plants. Each plant may have a purchasing department under the
overall supervisian of the central purchasing department.

d) Organisation by Stage of Manufacturing: In case of manufacturing, sometimes it is
advisable to organise the purchase activities according to the stage of manufacturing,
e.g. raw materials, parts, sub-assemblies ctc.




Activity F )
Discuss the suitability of centralized and decentralized purchasing systems in view of the
purchasing organization discussed in Section 16.5

16.6 PROCEDURES, FORMS, RECORDS AND REPORTS

Procedure T

By procedure we mean the entire set of steps in which a purchase transaction is carricd
through from its inception to its conclusion. These steps together form the purchase
policy of an organisation. Since there are wide variations among industrics.
companies, organisations, products and personnel, it would not be feasible to
establish a single set of procedures which weuld apply to all cases. The following basic
steps, however, must be taken in one way or another:

1 Receipt and analysis of requisition to assess the need and description of
requirement.

Selection of possible sources of supply.

Determining the time, price, quality and quantity.

Placing the order.

Following up and expediting of the order.

Checking the invoice and receiving the order.

Processing discrepancies and rejections after inspection.
_Communicating with accounts’ section for payment.

Closing completed records.

Maintenance of records and files.

A schematic purchase procedure involving some of these steps is shown in Figure V.
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Figure. ¥: A Schematic Diagram of Purchase Procedure
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Purchase Forms

Forms are very important tools for purchasing department to standardise the
communication with internal departments of the organisation and external agencies
such as supplier, local government bodies, etc. The number of forms required
depends on the size of the organisation, the purchasing system employed in the
organisation, and the accounting and internal control methods in effect. Normally
there should not be too many forms as they create confusion and red tapeism. Certian
links of communication can be sent copies of some forms (as'shown in Figure V)~
instead of individual forms. The forms shouid incorporate the principles of good
design to facilitate data entry and data retrieval, to minimise the possibility of errors,
gd finally, to be just economically sufficient in size and number of entries required.

Purchase forms for the following functions are usually employed (some of which have
already been exhibited). ‘

1 Purchase requisition

2 Request for guotation

3 Purchase order

4 Follow-up

5 Receiving and Inspection.




E addition, some other torms are also used by some {arge organisations. Among such
rms are: acknowledgement for quotation received, change of order notice, purchase
contract, sample test report etc.

Purchase Records '

Since purchasing is a repetitive process, accurate records are a necessity for efficient
operation. These records provide a history of what has been done in the past
(supplier, price, discounts, quality delivery etc.) and provide a wealth of information
upon which to base future decisions. Maintaining a good-record system will increase
operating costs but expectedly it should bring some handsome savings in the long run,

Most purchasing departments maintain thc following basic records:

1 Purchase Order Log: It comams a numerlc@nef record of all purchase orders
issued. It contains purchase’ order nun.ber, supplier’s name, brief deseription of
purchasé; total value of the order etc. The log makes it possible to summarise
several administrative data.

2 Open Order File: Contains the status of all outstanding orders. It contains purchase
requisition, purchase order, follow-up data.

3 Close Order File: Contains a historical data of all completed purchases.

4 Vendor Record: Contains the names and addresses of suppliers, materials that a

supplier can supply, delivery and quality records.

Commodity Record: Suck record is maintained on each major material or service

that is purchased repetitively. It shows the list of suppliers, annual usage rate, price,

orders placed, orders received and disbursements to the departments.

6 Contract File: Contains the purchase records of items under a term contract. It is
specially important when the contract is an open one, against which orders may be
placed.

i

Purchase Reports

Since the purchasing department handlés a sizeable proportion of corporate finance, it
is desirable to have some summary reports periodically (quarterly, half-yearly or
annually) available to the management. Some of the important reporls are;

1 Total value of purchase. :

7 Allocation of purchase value against major items.

3 Allocation of purchase value against each requisitioning department.

4 Budget for purchase for the next year.

5 Proposals for revisions of budget in current ycar.

In addition, the purchasing department brings out the report for its own use. They
are:

1 Vendor Performance Report

2 Pattern of Consumption of materials.

.3 Pattern of market prices.

Activity G
Design a suitable form for preparing the annual budget for the purchasmg
department.




?6.7 EVALUATION OF DEPARTMENTAL PROCEDURES
AND VENDORS

Evaluation of the purchasing department is essential for the economic health of the
organisation, At the same time, a good proportion of the efforts in purchasing
activities are not immediately visible and so the evaluation becomes rather difficult. In
any case, a consistent effort towards this aspect must be kept on with the following °
objectives of evaluation:-

1 Performance improvement of the departmient.
2 Aid to Organisation. !

3 Easy coordination amongst departments.

Establishing evaluation criteria is also very d.ifficu!t_..ﬁo‘llow'ing critggig.can be
combined for an overall picture of purchasing performance: -

1 Cost-Purchase Comparison (annual cost of purchasing deparment divided by the

total value of purchases). : B .-

2 Cost per Order (total purchasing department cost divided by the number of orders).
3 Return on Investment (net savings per rupeé spent an purchasing).

nOua]i!y Criteria (measured by nuinber of rejects)A_‘ '

5 Quantity Criteria (measured by downtime). ) :

6 Price Criteria (comparison with other organisation or standard price indexes).
The evaluation standards can be-based on past performance, budgeted performance,
or performance of departments in other organisation to Jjudge what is being done as
~ompared to what should have been done. ' K

16.8 VENDOR EVALUATION AND RATING

It is not always easy to identify good suppliers. Rerﬂds maintained or procured from
e other sources about the vendors help in their evaluation and rating. Usuzally a
mbination of price, quality, quantity, delivery time, service etc. giving relevant
ﬁightages to these factors is used to rate the vendors. In addition, a checklist can be
ed to facilitate rating from department standpoints. Some of the points are
mentioned below: '

Rbility

1 Is the supplier reputable, stable and financially strong?

2 Are the supplier’s integrity and ability above doubt?

3 Isthe supplier going along wiilh product improvement? )

4 Is the supplier's competitive strength as to price, quality, etc. proved by past
experience?

Technigal Capabilities

1 Can the supplier provide assistance as to application engineering?

2 Can the supplier provide assistance as to analytical engineering? .

3 Can the supplier provide design assistance?

4 Can the supplier handle special needs and contribute to improve product
efficiency/basic processes?

Convenience .
I Can the supplier help reducing acquisition costs through personal visits, telephone
calls, incoming inspections, rejection of defects, spoilage, etc? v
2 Can he offer other related produets? -
3 Is he qualified 1o help in solving difficult problems?
4 Does the supplier package his product conveniéntly? .




Availability

1 Does the supplier assure delivery in time?

2 Are his stocks locally available, and or atshort notice?
3 Is the supplier’s location advantageous?

4 Can he plan his supply to minimise inventory?

5 Can he be depended on for a steady flow of materials?
After-sales Service

1 Does the supplier have a service organisation?

2 Is an emergency service available? )

3 Are parts available, when needed

Sales Assistance

1 Can the supplier help building mutual markets?

2 Will he recommend our products?

3 Does the use of supplier’s product enhance appearance of our products?

Vendor Evaluation

Recognising that there is a need for having good vendor, it is essential that supplies
are obtained from vendors after an evaluation of his capabilities. The buyer, who has
to do the evaluation, is faced with two different situations:

1 Evaluating the performance beforé'the vendor has delivered anything.

2 Evaluating the performance of vendor after the deliveries have been made.

The latter one-isnormally called Vendor Monitoring and the former Vendor

valuation
case of Vendor Evaluation the buyer lacks the direct evidence on the results
achieved by the vendor and must get his information in other ways. This includes
(1) general reputatlon of vendor, (2) data from other buyers, (3) vendor surveys.

vendor Rating

Product quality submitted by vendors has always been evaluated and used as a factor
in making purchasing decisions. Recently, the evaluation has been formalised by the
use of vendor rating formulas which provide a quantitative measure of vendor quality.
These ratings are primarily meant to provide an overall quality rating of a vendor for
use in reviewing, comparing, and selecting vendors. Vendor rating is not a tool for
making decisions on submitted lots.

To create a single numerical quality score is difficult because there are several inputs,
each involving its own unit of measure:

1 The lot quality, expressed as lots rejected versus lots inspected.

2 The parts qualities, expressed as per cent defective.

3 The characteristic qualities, expressed in numerous natural units, e.g., rupees per

. square cm., per cent active ingredient, MTBF, etc.

4 The economic consequences of bad quality, expressed in rupees.

The National Association of Purchasing Agents New York, has published three
alternative vendor rating plans:

1 Categorical Plan: This is a non-quantitative system in which buyers hold a monthly
meeting to discuss vendors and rate each as plus, minus, or neutral.

2 Welghted-pomt Plan: Each vendor is scored on various factors like quality, price,
service etc. These factors are weighted and a composite rating is then calculated for
each vendor. The details of this performance evaluation scheme are as follows:

i) Quality Rating: Quality Rating for a consignment




Rg = Q+ QX +0: X,

3 x 100
where, O
i

Q = Quantity supplied

Q, = Quantity accepted

Q; = Quantity accepted with concession

Q3 = Quantity accepted with rectification

Q. = Quantity rejected
and .

Q=Q;+Q+Q:+Q,
X, and X; are weightage factors eachlessthanl. = ' = '
i) Price Rating: Price rating for a consignment: “~*"" ™" """
PL X 100 !
- L

Rp =
L . [N WEE
where, P = Lowest price quoted . e,
P = Price agreed by supplier
iii) Delivery Rating: Delivery rating for a consignment:

Promised delivery time (days) x 100 -

Rp = —
L Actual delivery time (days) of the full consignment

Rating in excess of 100 shall be equated to 100.
iv) Quantity Rating: Quantity Rating for a consignment:,
(Qty. supplied within stipulated delivery time)

Quantity promised

Roy = x 100

Q
=— % 100
Qx

P
v) Service Rating: Service Rating, RS, is to be assigned by Purchase Department as
per the following table for each consignment.

SL. No. Service Factor T . Max. Score

1 Cooperativeness and readiness to help in a,
emergencies .
2 Readiness to replace rejected material ay
3 .Providing support documents in time as
4 Promptness in reply ay
5

Acceptance of terms without complaints as

wherea, + a; + a3 + ag + as = 100

vi) Composite Vendor Performance Rating:
VPR = fiRg + F:Rp + BRp + fRqy + fsRs
where, fy + L+ 3+, +fs =1

Fixing of Weightage Factors: In order to implement this scheme, it is necessary to fix

the weightage factors X;, X, a;, 8, @3, a4, as, fy, f2, f3, f4 and fs as suited to the

organisation.

. Cost-ratio Plan: This.plan compares vendors on the total rupee cost for a specific
purchase. Total cost includes price quotation, quality costs, delivery costs, and ¢




service costs. The final ratingllib in rupees of net value cost. The net value cost is the

product of the adjusted unit price and the number of units. The adjusted unit price

incorporates three cost ratios. . . .

i) The quality.cost ratio reflects the relative cost of quality.

ii) The delivery cost ratio reflects the relative cost of placing and receiving an
order. It also includes a promises-kept penalty based on a ranking of past
performante of vendors. .

i) The service cost-ratio reflects the technical, managerial, and field service
competence of the vendor.

All three of these plans recognise quality in the rating of vendors but the rating is not
restricted to product quality. ‘e

Vendor Relations v @

The ultimate objéctive in vendor quality assance is the production of materials
which so adequately conform to the buyers, requirements that there is no need for
extensive acceptance or corrective procedures by the buyer. The activities needed to
achieve this objective include:: - =~

1 Communication of essential and helpful information, design, specifications,

by

standards, practiggs etc. -~ - . s

2 Communication of engineering changes, changes in specifications etc.

3 Developing methods for detecting deviations from standards promptly.

4 Helping the vendor in resolving quality problems. In case of vendors like
sub-contractors and ancillaries, rendering necessary technical assistance as well.

5 Providing for use of vendor quality data in lieu of incoming inspection._

6 Using multiple vendors for major procurements of items.

7 Developing methods for identifying the qualified vendors, and for.eliminating those
who are unable to meet the quality requirements.

8 Reviewing the performance of the vendor through vendor rating or other plans and
following up on the chronically poor vendors.

The guiding principle in vendor relations is the spirit of what is best for the
partnership. The supplier must be made to realise that it is not sufficient to accept the
returns willingly or to negotiate the disposition of materials not delivered to the
specifications. The supplier should view such instances objectively and work
constructively with the buyer to correct the conditions that brought about the delivery
of unsatisfactory material or service.

16.9 COMPUTERISED PURCHASING SYSTEM

The attractive characteristics of computers such as high speed, huge storage, quick
retrieval accuracy, versality and diligence on the one hand and increasing complexities
in purchasing on the other make an excellent match for computerisation of purchasing
system. The declining cost of computer system is an additive factor. Although there
are no complex arithmetic computations involved in purchasing, the requirements of
quick processing of requisition, follow up, payment etc. find a computer of immense
help. In this section, we shall discuss broad outline of computerisation of the system
(not the computer technology). ‘

Let us visualise that the computer has the following files:

1 Inventory file for each item.

2 List of the suppliers (alongwith their performance history).

3 Budgét allocation for each department.

4 Master purchase file condensing the previous purchases (item-wise,
department-wise, supplier-wise, price, quality etc.)




In addition, the computer has facilities to print and (may do so on a preprinted
stationary) the quotation request, purchase order, follow up, inspection report etc.

When a requisition is received, the relevant data are entered through the appropriate
programme. Now a days, the screen and template designs are proving much more

convenient and fool proof. The compuiter checks the inventory status of the'iterns and
if in-stock items are issued and inventory record is updated. If not in the stock, a
programme finds the classification of the item, that is , whether it is a continuously
used item or a special item. From the suppliers list, it finds the suppliers who can
supply the items and prints quotation requests. If it is a special item, then human
intervention will of course be needed to float the enquiries. The programme also_
checks the budget of the department and account head to which the sum is to be
debited. The data from quotations are entered and the computer displays the
comparative statement. It will select the supplier and print the purchase order. Upon
receipt, it will update the inventory of the item: Tn additibn! compiiters are very yseful
for monitoring the status of the purchase order to assist if'follow-up "a'c‘tioi‘i'}.“ U

. =0 - -
So we see that computer performs all the actions displayediin Figure V and-génerates
the reports anzsired above. In addition it is very, useful in processing exceptional
réports, such as budget is over, orders not supplied in time, payments not made in
time etc. _ -

It may be mentioned that most of the computers,specially small and mini-computers,
offer a host of utilities which are very useful for computerisation of tasks like
purchase. FURAL

Computerisation of purchase (such as receiving, issuing, instruction, stores,
inventory, handling etc.) can easily bring the desired coordination amonp other.
functlQns_of materials manag‘emem gs well as_ amo_ng otlhcr departm ents of the e
organisation such as pr_odgcnon, de_s:gn, engineering, fl_nance and accounting,
marketing etc. through suitable design of database and information systems.

16.10' PURCHASING IN GOVERNMENT
ORGANISATIONS

With the aim of providing the best possible service to the saciety out of the limited
resources and following its policy of mixed €conony, the Government of India has
itself entered into manufacturing and other types>f commercial and tradin,
To gain the advantages of centralised purchase al Governmenta]
are controlled by a central agency, the Directorae Genera| of Su
(DGS & D), New Delhi headed by its Directer General (Suppli
under the Ministry of Supply, Government odndia. The D«
all purchase of materials of all kinds and fundons as a i inspect;
Jgeic)' on behalf of: ' * apurchasing and ms.pccnon
1 All Ministries, attache’s and subordinate oices of Government of India

2 All State Governments and their departmets, '

3 Alllocal bodies, such as, Municipal Corpotions, District Boaids, etc.

4 All Quasi-public Institutions, Statutory Cororations and Publi

. ¢ Sector in i
undertakings may also avail of the servicesfthe DGS & D. Mt

It also makes purchases from foreign couritricthrough its subsidian'és lik
Supply Mission in London and Washington, also purchases from
and South-Eastern countries on trade agreennts and has a full
Directorate in J apan. )

€ the Indian
East European
-fledged Inspection

Organisation Set-up of DGS & D

The role of the DGS & D is very wide and, f smooth and efficient functiorﬁng

divided into following wings: s




[
'16.11 SUMMARY -

a) Supply-~ " -
b) Inspection
¢) Progress

%)

_d) Disposal. s 1o ' SRR R Ry

. . 5 . i1 s \

The orgwisalion has regional offices lo_cat;gt Calcutta, Bombay, Kanpur.and -
Madras. Besides, there is a regional office Bombay exclusively for textiles. The
regional offices are empowered to purchad large number of items provided the

individual demand for them does not excl Rs. 6 lakhs! All items ﬁqanﬁgd through -
foreign loans are purchased by the HQ irpective of thier nature and value..

In addifion to the activities caridibdthrens wings, the DGS & D performs
following functions and has directoratesd offices all over the country.

1 Public Refations:nnd Pubhcatidgs. . - =

2 Standardisation and Quality:‘Gomrol =

3 Development of Indigenous SourcesSupplies.

4 Purchases from Cottage and-$mall $ Industries..

5 Registration of Suppliers. 4‘;‘{\_:‘ .

6 Termination, Suspension and Blacking of Suppliers.

7 Rate and R'l.'lnning'CuntracLSE‘I !
& Payment Procedurc. o
9 [ndent Prosessing:

As

Purchasing. in ordinary sense; is the:urement of materials, components,

mackines. equipments. supplies etcoayment. In the present environment of © '
frequently varying price conditions mcreasing material variety and competition.

the purchasing function ncedsproferalism to reduce the total investment in

purchase while making the required materals ot right quality available on time. The
purpose of this unit is to present and discuss various aspects of purchasing to achieve

. this professionalism. Major topics discussed include: scope and objectives of

purchasing, inputs, environmental and management factors influencing the
purchasing decisions, purchasing decisions procedures, forms, records and reports,
procedure evaluation, vendor evaluation, and organisation for purchasing. The
presentation and discussions are aimed at an efficient information flow amenable for
computerisation.: s : : : :

An efficiently designed purchase syst:m, with appropriate prbcedure, forms, and
information flow, can generate the recorts with required contents intended for
specified destinations at various levek of management in the organi'saiion. Sucha
system would enable the organisationto carry out efficient overall financial and
material$ planning and monitoring. Te system, in effect, would enable the purchase
department itself to plan and monitor il cwn activities to achieve the objectives of an
integrated purchasing system. . : .

[6.12 KEY WORDS _

Average Down Buying: Policy of purchasig items at a moment when the market dips
sharply in the course of gradual price chage. -

Bill of Materials: A list of all items incorgrated into a finis_hed product produced by
the organisation. It is prepared on the bas of engineering drawing. -




“Billof Ladi;lgg . A document signed by thenpping agency aclméw[edging the receipt
of certain specified goods for carriage andmbodying an undertaking that goods will
be delivered to the consignee. . :

Blanket (or ‘Open-end) Purchase Order: Aurchase orderin the form of a cofffract for
continuously used items for fixed period sually a year) with delivery dates a
quantities. The prices may be.negotiated fehe whele period or kept open in which
case the prevailing market pric_e applies. - .

Cash Discounts: Price-concessions offeredr prompt-and full payment of bills.

Commercial Invoice: Statement showing thietails of items and their prices. It is a
.preliminary document sent by supplier to ber and is used;by the buyer to check the
goods received, : . .

Competitive Bidding: Several vendors respding to supply certain items.and final
selection of the successful bidder is made one bass of price, quality and other:

consideration. —— .

u rar

DGS and D (Directorate Germeral of Supplies aDisfllpoul):' “The central purchasing
organisation of Government of India for pubbuying, :

Forward Buying: Policy of purchasing items izonomical duanmies exceeding
current requirements, but not beyond actual fseeable requirements.

Hand-to-mouth Buying: Policy of purchasing s only to meet immediate shortterin
requirements.

Hedging: Practice of entering simul:aneousiy‘iftwmransactions of a like
amount—a cash transaction and a futures transon, The cash transaction involves
the current exchange of the Buyer’s cash for theisical goods and the futures
transaction involves the buyer’s sale of a futurestract on the item with promised
delivery at a specified date in future.

Letter of Credit: An arrangement by which the gation to Pay an exporter is ' -
undertaken-by a bank, : e

Negotiation: Purchaser approaches the suppliersprice determination. It js used
when the number of bidders is small, value of puge is too high and time is too
short for competitive bidding or willingness to biacking. = -

Product Specifications:- Detailed description of tharacteristics and features of an
item, Some common types are: blue-prints markades, commercial standards

material specifications, performance specificatior. i

Quantity Discount: Price concessions given to 4 buyer for purchasing larger quantities
or for larger values of money.

Reciprocal Buying (or Reciprocity): Practice of giving preference in buying in those
suppliers who are customers of the buying organisation.

easonal Discount: Price concessions offerec for purchases made in the off-season.

Speculative Buying: Policy of purchasing items in excess of foreseeable requirements
in order to make a profit from rising prices. N

Standard Purchase Requisition: A requisition forn: used by internal departments of an
organisation-to raise the indents for non-—recurring materials. The completed form is
submitted to the purchase department. .

" Trade Discount: Price concessions given to a buyer on the basis of his classification—
Wholesaler, retailer etc. .

Travelling Purchase Requisition: A requisitiopcard maintained continuously for each
item and used to procure recurrently ne)ekﬂ’:aterials and parts. It originates from
stores or inveritory control section. — ’




16.13 SELF-ASSESSMENT EXERCISES
7 .
I Review Questions .
1 What are the common objectives of the purchasing function?
2 What are the common forms used to authorise a purchase and what are the
governing factors to decide the suitability of these forms?
3 What are the major purposes of product specification and what are the common
Bmethods of product specifications? ~

4 What are the activities in the purchasing function which require high consideration
for legul aspects? ’ )

5 What é.r;_dérﬁahd facto;sl .nd how do they influence the purchase decisions?

6 What are the common approaches for price deiermination?

Whai are different types of discounts offered by the suppliers?

8 What are the approaches for price determination.

9 What are the common shipping critéria?

10 When and how are the various purchasing approaches beneficial to decide the
fhing of purchases?

11 What are the various purchase forms and records usually employed by a
purchasing department? !

- 12 What are the basic types of purchase contracts and when should they be used?

13 What are the criteria commonly employed for the evaluation of phrchasing
system?

14 How are vendors evaluated?

15 Sketch the information flow between-purchasing and various other departments of
an organisation and list the responsibilities of each to meet the objectives of an
integrated purchasing system.

11 Design Exercises
1 Design a suitable form to be used for preparing the comparative statements to
enable the purchasing manager to take the decision about the best supplier.
2 Design an inspeetion report form to enable the purchasing department 1o release
various instalments of the payment and to enter the appropriate data in the
supplier’s file.

Il Problems
1 Anitem is demanded at the rate ol 20.800 units per year and the lead time is2
weeks. The unit price is Rs. 50 and the holding cost is Rs. 10 per unit per year (i.e.
20 per cent of the unit price). It costs Rs. 20 for cach lot of procurement. The
standard deviation of the demand over the lead time is 10. Calculate the order
quantity. reorder point and safety stock and prepare the purchase plan and the
hudget jor the whole year. )
Consider a prublcrﬁ of comparing suppliers by weight point plan. A total of 100
paints are allocated among those factors considered important by an organisation.
The supplicr with the largest number of weight points is the most desirahle.}’[‘he
follawing weights arc used to compare the suppliers: quality (40 points),
price (35 points), and service (25 points). Based on the data given below. rank the
four suppliers: ’




Supplier
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UNIT 17 _INVENTORY MANAGEMENT

Objectives )

1Upon completion of this unit. voushould be able to: .

.# understand the meaning of inventory and identify inventory felated cost
parameters i

® learn about various types of inventory policies

® appreciate the role of selective inventory management

® know the exchange curve concept for aggregate inventory planning

® get a feel of some mathematical models of inventory analysis

® perform sensitivity analysis on a type of model

® compute safety stocks

¢ understand the problems of slow moving items

® gypreciate the role of computers in inventory control

. gve a brief idea about recent developments in inventory management

Structures

17.1  Introduction to Inventory Systems

17.2  Functions of Inventory

17.3  Classification of Inventory Systems

17.4  Selective Inventory Management

g.s Exchange Curve and Aggregate Inventory Planning
.6 Deterministic Inventory Models

17.7 Probabilistic Inventory Models

I7.8  Inventory Control of Slow Moving Items

17.9 Recent Developments in Inventory Management

17.10 Concluding Remarks i

17.11 Summary

17.48 Key Words

17.13 Self-assessment Exercises

17.14 Further Readings =

17.1 INTRODUCTION TO INVENTORY'SY)STEMS

Concept of Inventory

*
‘Inventory’ may be defined as ‘usable but idle resource’. If resource is some physical
and tangible object such as materials, then it is generally termed as stock. Thus stock )
or inventory are synonymous terms though inventory has wider implications,
Broadly speaking, the problem of inventory management is one of maintaining, for a

given financial investment, an adequate supgly of something to meet an expected

Inventory can be one of the indicators of the management effectiveness on the
materials management front, Inventory turnover ratio (annual demand/average
inventory) is an index of business performance. A soundly managed organisation will
have higher inventory turnover ratio and vice -versa.

: Invehtorymanagemenl deals with the determination of optimal policies and
procedures for procurement of commodities. Since it is quite difficult to imagine a real
work situation in which the required material will be made available at the point of use
instantaneously, hence maintaining, inventories becomes almost necessary. Thus
inventories could be visualised as ‘necessagy evil'.




Inventory Related Cost
An inventory system may be defined as one in which the following costs are -~
significant: )

i

" a) cost of carrying inventories (holding cost)

b) cost ofincurring shortages (stockout cost)

¢) cost ofreplenishing inventories (orderh% cost) )

a) €ost nﬁurrying inventory :This is expressed in Rs./item held in stock/unit time.

This is the opportunity cost of blocking material in the non-productive form as

inventorigs. Some of the cost elements lh}%{:omprise carrying cost are—cost of

blockisggsapital (interest rate):mm;teo{ ing@rances; storage cost; cost due to

obsolescence, pilferage, deterioration eigult is generally expressed.as a fraction of
value of the googsstgekedper.year. For ¢ mple, if the fraction of carrying charge is
20% peryeaeatstammateal wargtRs. 1,000 is kept in inventory for one year, the unit
carrying coséragH be Rs. 200/itgnyyeat. It 1s obvious that for items that are perishable
in natyge, th%m‘zibutqq_carr_y%%ft wtlhbe hlgher. ‘
h) Cost of incurring shortages: Itig the'gp‘?onunity cost of not having anitem in stock
when one is demanded. It may w:.t‘_ Iast sales or backlogging. In the backlogging
(or back ordering) case the ordegis not logt but is backlogged, to be cleared as soOn as
the item is available on stock. In lgst wqux the order is lost. In both cases there are
tangibte and intangible costs of ng} meeting the demand on time. Tt may include lost
demand; penalfy.cost; emergency replenishment; loss of good-will etc. This is
generally expressed:as Rs./item short/unit time.
¢) Cost of replenjshing inventory: This is,the amount of money and efforts expended
in procurement orapquisition of stock. [t is generally called ordering cost. This cost is
usually assumed tobe indepen dent of the quantity ordered, because the fixed cost
component is generally more. significant than the variable component. Thus it is
expressed as Rs./order.

These three types of costs are the most commonly incorporated in inventory analysis,
though there may be other costs parameters relevant in such an analysis such as
inflation, price discounts etc.

Importance of Inventory Management

Scientifi inventory management is an extremely important problem area in the
materials management function. Materials account for more than half the total cost of
any business and organisations maintain huge amount of stocks much of this could be
reduced by following scientific principles. Inventory management is highly amenable
to control. In the Indhan industries there is a substantial potential for cost redugtion
due to inventory control. Inventory being a symptom of poor performance we could
reduce inventories by proper design of procurement policies by reduction in the
uncertainty of lead times by variety reduction and in many other ways.

17.2 FUNCTIONS OF INVENTORY

As mentioned earlier, inventory is a necessary evil. Necessary, because it aims at
absorbing the uncertainties of demand and supply by ‘decowpling’ the demand and
supply sub-systems. Thus an organisation may be carrying inventory for the following
reasons: . /

a) Demand and lead time uncertainties necessitate building of safety stock (buffer
stocks) so as to enable various sub-systems to operate somewhat in a decoupled
manner. It is obvious that the larger the uncertainty of demand and supply; the larger
will have to be the amount of buffer stock to be carried for a prescribed service level.

b) Time lag in deliveries also necessitates building of inventories. If the )
replenishment lead times are positive then stocks are needed for system operation.
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g Cycle stocks may be maintained o get liie economics of scale so that total system
cost due to ordgjing, carrying inventory and backlogging are minimised.
Technological requirements of batch processing also build up cycle stocks.

d) Stocks may build up as pipeline inventory or work-in-process inventory due to
giteness of production and transportation rates. This includes materials actually

ing worked on or moving between work centres or being in transit to distribution
centres and customers.

e} When the demand is seasonal, it may become economical to build inventory during
periods of low demand to ease the strain of peak period demand.

f) Inventory may also be built up for other reasons su¢h as: quantity discounts being
offered by suppliers, discount sales, anticipated incredse'in material price, possibility
of future non-availability etc.

Different functional managers of an organisation mdy view the inveritory from
different viewpoints leading to conflicting objectives. This calls for an integrated
systems approach to planning of inventories so that thesa conflicting objectives can be
scrutinised to enable the system to operate at minimum total inventory related

 costs—both explicit such as purchase price, aswell as implicit such as carrying,

IRVENTORY LEVEL

shortage, transportation and inspection costs. Concepts and techniques usefyl in
analysis these problems to arrive at sound policy decisions are the focal point of
presentation in this unit.

17.3 CLASSIFICATION OF INVENTORY SYSTEMS

Lot Size Reorder Point Policy

Under this operating policy the inventory status is continuously reviewed and as soon
as the inventory level falls to a prescribed value called ‘Reorder Point'. A fresh ‘
replenishment order of fixed quantity called Economic Order Quantity (EOQ)is
initiated. Thus the order size is constant and is economically determined. This is one
of the very classical type of inventory policies and a lot of mathematical analysis has
appeared on this type of policy. Figure I shows the typical stock balance under this
type of inventory policy. The solid line in this figure represents the actual inventory
held in practical situation with a finite lead time, the lead time being defined as the
t.me delay between the placing of a replenishment order and its subsequent receipt.
The token line indicates the inventory that would be held in the ideal situation if no
lead tinii> existed. Lot size and reorder point are the two decision variables involved in
the design of the poﬁcy.

Figure I Typical Inventory Balances for EOQ«Reurder Point Policy. T
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Fixed Order Interval Scheduling Policy

Under this policy the time between the consecutive replenishment orders is constant.
There is a maximum stock level(s) prescribed and the inventory status is reviewed
periodically with a fixed interval (T). At each review an order of size Q js placed
which takes the stock on hand plus an order equal to the maximum stock level. Thus

order quantity could vary from period to period. This policy ensures that when the
lekel 0l stock un hand 15 gh at review, asmaller size replemishment order 15 placed.

Figure 11 shows the typical stock balances under this fixed reorder cycle policy. §, the
maximum stock level and T the review period are the decision variables under this
policy. ’

R e
Figure I1: Fixnd:kgnlﬂ_ier_c_gg_l:_ Polic.

o
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Optional Replenishment Policy -

1 his is very popularly known as the (s, S) policy. Figure LI shows the typical stock
halance under this policy. The status of stock is periodically reviewed and maximura
stock level (S) and minimum stock level (s) are prescribed.

Figure I11: Typical Inventory Balances in (s, S) Pol?cy.
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If at the time of review, the stock on hand is less than or equal to s, an order of size Q
is placed so that stock on hand plus on order.equals the maximum stock level . If
stock on hand at review is higher than s, no order is placed and the situation is
reviewed at the time of next review period. $, s and T (review period) are the decision
variables in the design of such inventory policy.

Other Types of Inventory Systems

There may be other policies which may be special cases of the policies-mentioned
above or may be a combination of these policies. Asas ecial case of (s, S) policy we




may have (S-1, 8) policy or one-tor-one order policy when the maximum stock level

may be upto § and whenever there is demand for one unit, a replenishment of one unit
is ordered. Such a policy may be quite useful for slow moving expensive items. i

We may use a combination of lot-size reorder point policy and fixed inferval order
scheduling policy. Yet another variation of inventory-policy could be multiple reorder;
point policy where more than one reorder point ay be established. -

Other types of inventory systems may be sjgﬁc_i.nvenmry‘systems when a_smgle _ 3
purchase decision is to be made which should be adequate during the entire project
duration. Such decisions are not repetitive in.nature. Other initial provisioning
decisions may be with respect to repairable assemblies such as engines, gearboxes etc.
it a bus which may have to be overhauled and for which we have to find adequate
rumber of spare eneines to be provided initiaily. - L

L he right choice ot an inventory policy depends upon the nature of the problem; usage

value of an item and other situational parameters. We must first select an operating
policy before determining optimal values of its parameters. ' . e >

4 SELECTIVE INVENTORY MANAGEMENT

Role of Selective Inventory Control

One of the major operating difficulty in the scientific inventory control is qh,.extre:hcl_v

large variety of items stocked by various organisations. These may vary frém’ 10,000 to

,000 different types of stocked items and it is neither feasible nor desirable to apply
ﬂgmus scientific principles of inventory control in all these items. Such an .
indiscriminate approach may make cost of inventory control more than its benefits
and therefore may prove to be counter-productive. Therefore, inventory control has
to be exercised selectively. Depending upon the value, criticality and usage frequency
of an item we miay have-to decide on an appropriate type of inventory palicy: The
selective inventory management thus plays a crucial role so that we can put our limited
control efforts more judiciously to the more significant group of items. In selective
management we group items in few discrete categories depending upon value;
criticality and usage frequency. Such analyses are popularly known as ABC. VED an:
FSN Analysis respectively. This type of grouping may well form the starting point ir
introducing scientific inventory management in an organisation.

ABC Analysis - N
This is based on a very universal Pareto’s Law that in any large number we have
‘significant few’ and ‘insignificant many’. For example, only 20% of the items mav .
accounting for the 80% of the total material cost annually. These are the signific::
few which require utmost attention. .

B




Figure IV: ABC Analysis
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Figure 1V shows a typical ABC analysis showing percentage ol number ol Inventory
items and percentage of average inventory investment (annual usage value). Annuﬂ_
usage value is the demand multiplied by unit price thus giving monetary worth ot
annual consamption. It can be seen from this figure that 10% items are claimmg T2l
of the annual usage value and thus constitute the ‘significant few”. These are calfgd
A-class items. Another 15% items account for another 15%, annual usage vand ¢’
arg called B-class items. A vast najority of 75% items account for only 10% i
expenditure on material consumption and constitete insignificant many’ indple
zulled C-class items. To prepare an ABC type curve we may follow the following
simple procedure: :
i) Arrange items in the descending order of the annual usage value.
Annual usage value = Annual demand % Unit price.
- ii) Identify cut off points on the curve when there is a perceptible sudden change of
slape or alternatively find cut Bt points at top 10% next 20% or so but do not
interpret these too literally— rather as a general indicator.

A very simple Aempirical way to classify items may be adopted as follows:

Total material cost per year
Total number of items

Average annual usage value X =

A-Classitems = 6X

C-Class items < 0.5X
In between we have B-class items.
Once the items are grouped into A, B and C category, we can adopt different degree
of seriousniess in our inventory control efforts. A class items require almost
continuous and rigorous control, Whereas B-class items may have relaxed control and
C-class items may be procured using simple rules of thumb, a5 usual.

VED Analysis

This analysis attempts to classify items into three categories depending upon the
consequences of material stockout when demanded. As stated earlier; the cost of
shortage may vary depending upon the seriousness of such a situation. Accordingly
the items are classified inte V(Vital). E(Essential) and D(Desirable) catesories. Vital




e

items are the most cntical having extremely high opportumity cost of shortage and
must be available in stock when demanded. Essential items are quite critical with
substantial cost associated with shortage and should be available in stock by and large.
Desirable group of items do not have VETY serious conscquences if not available when
demanded but can be stocked items.

Obviously the % risk of shortage with the *vital’ group of items has to be quite
small— thus calling for a high level of service. With ‘Essential’ category we can take a
relatively higher risk of shortage and for ‘Desirable’ category even higher. Since even
a C-class item may be vital or an A-class item may be ‘Desirable’ we should carry out a
two-way classification of items grouping them in 9 distinct groups as A-V, A-E, AD,
B-V, B-E, B-D, C-V, C-E and C-D. Then we are able to argue on the aimed at
service-level for each of these nine categories and plan for inventories accordingly.

Ciae
FSN Analysis o
Not all items are required with the same frequency. Some materials are quite regularly
requ‘imd, yet some others are required very occasionally and some materials may have
become obsolete and might not have been demanded for years together. FSN analysis
groups them into three categories as Fast-moving, Slow-moving and Non-moving
(dead stock) respectively, Inventory policies and models for the three categories have
to be different. Most inventory models in literature are valid for the fast-moving items
exhibiting a regular movement (consumption) pattern. Many spare parts come under
the slow moving category which have to be managed on a different basis. For )
non-moving dead stock, we have to determine optimal stock disposal rules rather than
inventory provisioning rules. Categorisation of materials into these three types on
value, criticality and usage enables us to adopt the right type of inventory policy to suit
a particular situation. In this unit, we shall mainly be developing some decision
models more appropriate for A-class and fast-moving items. Later on a brief
discussion on the inventory management of slow-moving items will be given.

Activity A ' :

i) Collect consumption data for 100 different items for an organization and classify these into
and ABC framework following the procedure described.

ii) List these items in two-way classification ABC and VED and identity the number of items
belonging to each of these 9 distinct groups

17.5 EXCHANGE CURVE AND AGGREGATE
INVENTORY PLANNING

Concept of Exchange curve

Exchange curve (or optimal policy curve) is an effective technique to look at the
inventories at an aggregate level in the organisation. It is a plot between the total
number of orders (TO) per year and the total investment in inventories (TI) per year.
The rationale is that for an optimal inventory policy the trade-off between total
inventory and total procurement effort as indicated by the total number of - i
replenishment orders per year must be made such that if total number of order are
prescribed, we minimise total investment in inventories. Alternatively, if the total
investment in inventories (TI) is prescribed then a rational inventory policy must aim
at minimising (TQ). Optimal inventory policy must éxchange (TI) for (TO) in such a
manner that ’

(TI) . (TO) = K = constant




Value of constant K is given by

1 N V,f_'___,.--—-'._'ﬁ
<3 [L ]

=1
where D; = Annual requirement of ith item,
V; = Unit price forithitem,i = 1....N
L ";["Ehus aplot betwf:cn ‘('['l) and (T(_)) is a rectangular hyperbola and is called as
xchz.mge curve’ or optimal policy’ curve, Figure V shows a typical exchange curve
| for a situation where the ordering cost is not explicitly known. It shows that any point
on the exchange curve is an optimal trade-off between investment in inventories and
total number of orders.

Figure V: Exchange Curve
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Uszs of Exchange Cyrve —
J-¥ciduge turve is an effcctive insirunent tor ageredit indnivry dnaiysisto quickly
deiermine the rationality (or otherwise) of our existing stock provisianing policies.
Wwelirst plot the exchange curve by computing thd value of i for a choseit group of
Jies. Then we determine the total number of orders (TO) and total investmentin
inventories (TT) under current practice. 2 - .
If the current practice is at point C (in Figure V) above the exchange curve then it
shows that our present procurement policies are not rational. If we want 0 rationalise
these then there are two possible pathszC o BC: so that we reduce inventory to B
for the same ordering effort or reduce number of orders to ‘A for the same inventoiy.
Thus un ¢xchange curve is a useful device at macro-icvel.

4
\

-17.6 DETERMINISTIC INVENTORY MODELS -

Classical EOQ Model

In this section we discuss some elementary inventory models with deterministic
demand and lead time situatidns. The purpose is to provide an illustration of the
mathematical analysis of aventory systeite. ‘The most classical of the inventary
models was first prcposed;by:Harris in 1915 and further developed by Wilsen ir 1928.
It is very popularly knowi as EOO (Economic Ordcrﬁ)uar-my),mcdcl or ‘Wilsan's
Lot Size formula’. . e Sl




ehcn dealing with stocked items, the two important decisions to be made are-—how

much to order-and when to order. EOQ attempts to provide answer to former while

the Remde{ point (RoP) pravides the answer to the latter.

The following assumptions are made in the standard Wilson lot size fﬂrmula to obtain -

EOQ:

a) Demand is continuous at a constant rate

b) The process continues infinitely.

¢) No constraints arc iniposed on quantitics ordered, storage capacity, budgst cte.

d) Replenishment is instantancous (the entire order quantity is received all at one
time as soon as the order is released).

e) Allcosts are time-invariant. R

fI No shortages are allowed. )

.2) Quantity discounts arc noi available. /

The inventory status under EOQ-ReP policy is continuously reviewed. Figurg VI (a)
shows the behaviour of such & simple system whereas Figure- V1 (b) shows the toral
Lysten cost behaviour highlighting the conflicting trend of ordering and inveantory
carryfg costs. EOQ aimis at mintinising total svstem cost.

Figure VI (a): Inventary Behaviour vader CIassica‘I ECQ Model.
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Letus use the tollowing notation in developing the classical EOQ model:

[ = Demand rate; unit per year.

A = Ordering cost; Rs./order.

C == Unit cost, Rs. per unit of item.

r = Inventory carrying charge per yeafJ)

H = Annual cost of cairying inventory/unit item = r.c.

TC = Total annual cost of U])erl]. the system Rs./year {ubjeclwu function).
Q = Order quantity, Nuniber of units per lot (decision variable).

Since demand is at uniform rate average inventory is O/2 throughout the year and the
total number of orders are (D/Q) per year. Thus total annual cost of operating the
systems consisting of carrying cost and ordering cost can'be written as: :

TCA()+F‘ET-Q

This gives Q* = EOQ = V2AD

T




Minimuin cost = TC* = VZAHD
Due to convex;nature of total cost curve, it is obyious thal Q* (EOQ) gives the global
minimum total cost. It can also be seen that EOO is obtained at the point of
intersection of ordering cost and carrying cost in Figure VI (b).

Some interesting insight may be obtained using this classical systcm:

i) Ifordering cost is of high tendency. the optimal policy is to have high EQQ thus
raising average inventory level. -

i) If r or ¢ are high leading to ligh'value of H. the tendency will be to go for sinaller

‘0 ot sizes. AR B

r may vary from 0.15-0.30 and will depend on the nature of item, A the ordering cost

should PL_llidFI:'g(ﬁ'lal or?:l?.‘]rrngs:u')s‘l’ while H should be based on total purchased cust of

theitems.

Finitec Replenishment Rates
We will now relax the assump'tlion' (d) of the classical EOQ model and permit finite
replenishment rate (staggered delive ries). When the rate of procurement is Pin
units/year and the demand rate is D, in units/year, the build up of inventory is at a rate
(P-D) due to simultanzous consumption. 1t is obvious that P> D for inventory to build
up. Figure V1T shows the inventory Dehayiour with finite supply rate. The stock builds
Figure VIL: Inveniory Behaviour urder Finite .
Replenizhment rate.
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For minimum TC we get, Q' = _.._——AD —
’ ) o H (1-DiP)
and TC* = VZ ADH (1-D/P)

Some interesting observations can be made about the behaviour OI Sucn systems.
Thesc are: .

i)  Q* under finite replenishment rates are higher than Q* under classical EOQ

model for the same values of other parameters.
“§i) . Total system cost under optimal Q* is lower than corresponding total system cost
and EOQ model. )
- Thus staggering the supplies always reduces inventory level and total operating
" system cost provided other cost parameters remain the same. -
iii) As P—=;Q*and TC* obtained are same as in standard Wilson’s formula of
" instantaneous replenishment.




) AtP = D, Q*-=; TC—0. Thus if we can have a fully devoted reliable sypplier,
then placing a single supply order of large size but matching supply rate with the
‘demand rate is the optimal decision. Under such a system, no stocks are bujlt, no
replenishments are made, no shortages are incurred. This would seem to be\an
ideal system towards zero-inventory provided we know our requirements for\sure
and we have a dependable source to supply us at the rate to match the
requirement. This brings out the role of dependable source of supply as an

_important asset to materials management function.

Planned Backlogging )

Let us now consider the effect of relaxing assumption (f} of classical Wilson's model
by permitting backlogging (shortages or back ordering) at a unit shortage cost of § in

Rs./unit short/year. In such a case negative inventory shows the backlogging position.
The order quantity Q is partly used to clear the baddqgﬁigg level B and (Q=B)isthe -
maximum stock level. Figure VIII shows the inventory chaviour under Bplanned

+

Figure VIII: Inventory Behaviour with Planned backlagging.’
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backlogging. Inventory is maint_a'ined for duration t; and demands remain backlogged
for duration t,,. Total cycle time of each replenishment cycle is

T=t;+1 =QD

. O-B )
t = o t, = B/D

It can be seen that, average inventory =
(Q-B)’ T
2Q
: .
1C = Total annual system cost

and average back ordg_r level = B*/2Q

(Q__B)Z BZ
0 53g
Optimal values of Q and B can be_dbtmstiuminimnm.xaluemmu%;_

AV

= A(D/Q) + H

B = /ZAB ./ H
S : H+S§
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Some useful observations could be made about the behaviour of inventory system
with planned backlogging as follows:

a) Total system cost is lower with planned backlogging than the corresponding total
system cost under classical Wilson's lot size formula. Thus for a deterministic system
with finite backlogging cost, it is economi. al to plan for backlogging. It can be seen
that at S—co gl}c model reyerts to classical EOQ model:

b) EOQ under backlogging is higher and maximum stock level is lower-than the
corresponding values under classical Wilson's lot.size model.

c) IfS = Othen B* = Q* = . This means that with no charge for back orders one
would keep piling up unfilled demand until the backlog gets infinitely large. Then one
single order would be released to satisfy all accumulated demand. However,
considering mtangible cost of backordering such as loss of goodwill etc. it is debatable
whether there are situations when the unit cost of shortages (S) is really zero.

Model with Quantity Discounts

Frequently, the vendors offer quantity discounts on bulk purchases to encourage users
to place orders in large quantities. Quantity discounts may be all unit discounts or
incremental quantity discounts. In all unit discounts entire order quantity is purchased
at lower unit price if order size is higher than or equal to the stipulated conditions. In
incremental case only quantity exceeding the threshold point is charged at lower unit
cost. The immediate reaction may be to avail the discount and place bulk orders but if
we see the total system cost, cur decision may be otherwise. There may be a single or
multiple guantity discounts. Figure IX shows total system costs under four discounts.

Fiigure IX: Total Cost Curves under Quantity Discounts.
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The broken lines show the total cost curves without price break whereas solid lines
show the actual total cost if price break takes place. The larger the number of price
breaks, the more difficult it becomes to analyse the situation as more alternatives are
to be evaluated. The important point to be made in such situations is that individual
“tuation is to be analysed to judge which of the options is suitable to avail discount




and place huik order to make it realisable, reject the offer and place smail order at
higher umit price or place order at the minimum possible quantity at which @scount
becomes valid. Any alternative is optimal if that minimises the total system cost. For
example, it can be easily seen from Figure IX that for this case the minimum total
systam cost occurs at Q* = by is the minimum quantity at which discount level 4 is
applicable.

Sensitivity Analysis
It may not be operationally very convenient to stick to EOQ if it is an odd figure.
Then one Ry like to know the repercussions on total system enst if one deviated,
erther way from Q*. This is done through sensitivity analysis. [ Q, is actual order
quantity, Q, = b.Q* where b is sensitivity parameter. If b = 0.8 then actual ()., is

20% Jess than Q7 and if b = 1.2 then Q,, i 20% less'of higher than Q*. OmEJusly the -

TC will increase over TC* in either case. If we substitute Qﬂ as bQ* in totai cost
expressions in the classical EOQ model, we can easily get the follm#mg relatlomhlp
TC. _ 1+4b° e
TC @ P
where TC, is actual cost with order size being Q,. It can be seen that at b=1, p=1
Itbis ?&ed to vary within 0.9 to 1.10 then p will hf- within 1,005 indicating tlat
+ 10% dewviation in EOQ leads to less than hall a per cent increase in TC. Thus TCis
not very sensitive to EOQ and for operational convenignee we should be able to vary
EOQ within £ 10% of Q* without adversely affecting total system cost.
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7.7 PROBABILISTIC INVENTORY MODELS

lmpa(‘t of Demand and Lead Time U ncerlamt:es

— " In the inventory models described in previous section we assumed that there was no
uncertainty associated with the demand and replenishmcnt-—-léad'times. However, in

__reality there is always some uncertainty associated with the demand pattern and lead
times, 1t can be shown that as the uncertainty (variability) of demand and lead times
increases, extra stock in the form of safety stock (buffer stock) is required to account
for these uncertainties. In the deterministic system, reorder point is very easy to
determine as it is the demand during the lead time. For example, if the demand is
uniform at a rate of 100 units/month and lead time i 3 months, then in the
deterministic system the rearder point is 300 units, However, if there is variability of
demand 2nd times, an extra buffer stock will be added to the expected demand during
the lead times. to obtain the reorder point. Furthermore, despite higher reorder point
due to extra safety stock to provide cushion for system variability, there will still be a
probability of stock out. Figure X shows the mechanics of ocenrrence of shortage in a
probubilistic inventory system. [f X is the average demand during the lead time and

- ' -
Figure X: Ocenrence of stockout under probabilistic invertory situation
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X~ torecast demond over replenishment l2ad time

G- standord deviation errors ot ¢ torecast over o lead time
Figure o is the standard distribution of lead time demand and if reorqer point '!s setat
¥, +K o, for normally distributed demand, then the shaded area ot: Figure X gives the
probability of stockout during the lead time. This value can be obtained from standard
normal tables for various values of K. -t
Determination of Reorder Point :
A stated carlier. the Reorder Point (R) in the probabilistic lot size inventory system
Egiv:nby;

R

i
Expected demand during lzad time + Buffer (safety stock)
XL + K.U‘L B
For gbtaingng X, «nd m from the distribution of demand and lead times a lead time
demand distribution (L, .21)) such as shown in Figure X can be obtained. The
following expressions characterisethe 1 1'DD- !

1

. XL = D[—. a
o 0'3!_ = o’L+ Do
where D = Expected demand rate

cd= Standard deviation of demand rate
I. = Expectzdlead time ’
o = Standard deviation of lead times ! .
Thereiore, f .
R = D.IL + Kvoa .L + D%.1° .
This expressidg)quantitatively incorporates the effect of demand and lead time
variability on R and buffer stock. It can be seen that as ad, ol increase,
signifying higher demand and lead time variability, the Reorder point and buffer sicrk
increases. If lead time is constant at L, then ol = Oand * = D.L. + Kiod VL
Similarly if the demand is constant. ad = (), then
R =D.L + K°1.D
If both dd&and and lead times are constant,”d = 0,71 = 0, then
R = D.L. (Demand during lead time)
Bufferstock = 0 -

Safety Stock and Service Levels

in the determination of safety stock, the-factor K obtainable from normal distribution
tables for normally distributed lead time demand, depends upon therisk of shortage
we are prepared to accept. Higher value of K means less risk of shortage (or high
seérvice [evel) and vice-versa. For example if K = 1, then risk of shortage is 15.87 % of
Service level is (100-15.87 = 84.13%). At K = 2, the risk of shortage is 2. 28% 2nd at
K = 3,therisk is 0.13 % only. Obviously, at K = 0, buffer stock is zero but rick of
shortege is §0%. Thus we can choose K (hence buffer steck) for a preseribed rick of
shormge during a lead tinte.

17.8 INVENTORY CONTROL OF SLOW MOVING ITEMS

Nature of Slow Moving items

As stated ecarlier, slow moving materials are those which are not regularly demanded
and their movement off the shelf is very occasional, sy once in six months or so.-
Examples of slow moving materials can bs — spare parts and some special purposs:
materials for projects required only for a certain kind of project activity Inventory
nodels valid for fast moving models are not applicable for slow moving items due to
lack of regular demand pattern. Generally slow moving items are guite expensive and
therefore one has to first decide whether to keep them all in steck and if to keep them
“in siock then in what guantity further difficulty of slow movine parts is that initi




over-buying Eacisiun could take years 10 remedy the situation due to rarely oceurring
demands.

Some Inventory Policies for Siow Moving Spares

We shall illustrate our approach to munage the inventory of slow moving items with
spares inventory problem as a substantial percentage of spares come under the slow
moving categeries. Some of the str ategies that could be possibly adopted for cfficient
inventory management of slow moving spares are as follows: .

a) M spares are required only at pre-specified time such as at the time of major
scheduled maintenance for replacement, then it is better not to stock them but to
place piocurement order sufficiently well in advance, keeping lead times in mind, so
that these arrive just in time when these are needed.

b) If the part gives udequute warning of impending break down, It’hpn.qiag the best
poiicy is to place an order ti.e moment we gel the warning. Adequate warning refers
to the case when the lead time required is less than the warning time. This shows that
major improvements in slow moving inventory are possible by cutting down the lead
times .

¢) Forinadequate warning Spares we must keep the stock. Generally maximum stock
level will be 1 or 2 and the (-1, §) or one-for-one ordering policy is.very useful. This
means placing an order for one spare when one is consumed.

17.9 RECENT DEVELOPMENTS IN INVENTORY
MANAGEMENT '

Multi-echelon Inventory Systems

The inventory models described in the preceding sections pertained to situations
where the stack is located at a single place. In practice the stock may be disfributed
over several locations. For example in a multi-project organisation, thege may be a
central store and a number of field stores or project stores. Such types of inventory
systems are called ‘Multi-echelons inventory Systems’. Since the inventory in all the
locations belong to the same system, it is better to look at the inventory management
for the system as a whole rather than treating each storage location independently.
Recently a lot of attention has been given by the researchers to the analysis of such
multi-echelon inventory systems. Important decisions concerning the design and
operation of such systems are the number of echelons, number of storage points at

- each echelon (level), location of central store, optimal inventory policy to be followed
by each storage location. stock redistribution policies etc. For very expensive slow
moving item such as complex assemblies it mav be desirable to locate the inventory at
the central store rather than the project (field) store provided the item is standardised
and is usable at each locations. Detailed mathematical analysis of multi-echelon
inventory systems tends to be rather complex and is beyond the scope of this unit.

Materials Requirement Planning

Materials Recuirement Planning (MRP) is an important concept and is increasingly
becoming poy-ulir because of increasing role of computer based planning and control
systems: MRP is useful for situations having products with inverted tree like structure
so that the demand for parts and sub-assembilics is dependent upon the master
production schedule of the end-product. The MRP concept provided a very basic and
different way of looking at the management of produ  ninventories. MRP inputs.
are master production schedule; bill of materials and |.wcni0ry'sla1us. MRP software
package computes the parts requirement, and prepares production and procurement
schedules. This indicates the increasing role of computers in inventory planning.




17.10 CONCLUDING REMARKS

Inventory managem{E}t is an extremely important problem area in the management of
materials. It is quitdglisceptible to control and a very large amount of scientific models
are available in the literature to enable us to choose an optimal inventoy policy.
Buying the optimal quantity can result only from a sound inventory control system
which is achieyed by judicious reconciliation of conflicting costs and departmental
_ objectives. H&vever, inventory is only an indicator of performance of materials .
management function and to cut down inventories we use not only scientific inventory
management principles and modeis but also take long-term measures to reduce
inventories through strategies such as variety reduction and standardisation, source
development and vendor rating, lead-time reduction through improvements in the
systems and procedures of proourement. It is obvious that scientific inventory
aﬁnagcmqp; has to be practised selectively rather than indiscriminately to make it
st-effective. It is also important to have informational inputs like demand forecast,
lead time estimate and other cost estimates to be realistic to make effective use of
inventory models. : o .

T i —

17.11 SUMMARY

Bhis unit has attempted to highlight the role of inventory mangement in the successfui
operation of any production or service system. Functions of inventory and various
inventory related costs parameters have been identified. Various operating inventory

licies have described. ABC/VED/FSN analysis concepts have been outlined to
Eable sclective controlon inventories and the role of exchange curve to quickly
detect the irrationality of existing procurement practice has been highlighted. Some
deterministic models to determine EOQ are presented and sensitivity of classical
EOQ model is analysed. Impact of demand/lead time variability on reorder point and
buffer stock has been explained. Problems of slow moving items inventory control has
been identified and some guidelines have been given. Recent developments in
inventory management have zlso been given. :

17.12 KEY WORDS

ABC A_ﬁalysis: Arranging items according to annual usage value in three categories A.
B and C to identify significant few and insignificant many.

Annual Usage Value: Annual demand multiplied by unit price.

Backlogging: Process of accumulating unsatisfied demand till fresh replenishment of
stock is made available.

Buffer Stock: Extra safety stock needed to absorb variation in demand and supply to
provide cushion.

Carrying Cost: Cost associated with holding one unit in inventory for one time period
(year).

Dead Stock: Material not demanded for a very long period due to obsolescence ete.
Exchange Curve: A curve indicating optimal trade off between total inventory and
total number of orders (also called optimal policy curve.)

EOQ: Economic Order Quantity; the quantity for procurement which will result in
minimum total system cost associated with carrying, ordering and backlogging.




FSN Analysis: Classification of items according to frequency of usage in Fast, Slow
and Non-moving groups. :

Inventory: Usable but idle resource having economic value.
Inventory Turnover Ratio: Annual demand divided by average inventory.

Lead Time: Time that elapses between placement of an order and actiial receipt of
materials.

MRP: Materials Requirement Planning; a system of order scheduling for dependent
demand situation. . :

Multi-echelon Inventory System: A system of inventory control where the siock is
located at different levels (echelons) et different locations. .

Optional Replenishment Policy: An operating policy based on maximum and
minimum stock levels with perivdic review, popularly known as (s,5) policy.
Ordering Cost: Cost associated with placing a purchase order expressed as R /order.
Quantity Discount: A sales promotion strategy by vendorif which bulk puri:h%“ﬁu:s can
" be madc at lower unit prices. o . e

ROP: Reorder point; the stock level when the action for replenishmert of stock be
initiated by placing an crder.

Service level: Percentage of times an item is available in stock when demanded.
Slow Moving Item: Items which are very occasionally demanded.

VED Analysis: Process of grouping items into Vital, Essential and Desirabl
categories depéending upon the criticality of the items. :

17.13 SELF-ASSESSMENT EXERCISES

1 An organisation is spending Rs. 20 crores annually in procuring a total of 50,000
different items. Using simple empirical decision rule to group items into A, B and
C category, determine the cut off values of annual usage that will decide whether
the item should be A, B or Cclass item.

Write true or false against the following statements: )

i} Perishable items should have higher value of inventory carrying charge than
imperishables,

i) EOQ is smaller if backlogging is permitted under deterministic demand.

iii) *10% variation around EOQ is not very serious.

iv) Finite replenishment rates enable more economical operation of an inventory
system. )

v) Buffer stocks have no relationship with the amount of demand/lead time
uncertainties. i

In an inventory system the cost of placing an order is Rs. 100/order. The annual
demand is 5000 units and the inventory carrying charge is 20% of the value per
year. The item costs Rs. 75 each. Find EOQ and total system cost if shortages are
not to be allowed.

[ 4]

w

s

If shortages are permitted and allowed to remain backlogged at a cost of Rs. 6 «uer
unit short/year, determine the EOQ ., maximum stock level, maximum backlc.
level and the total system cost under optimal condition for the data pertaining to
problem number 3 above. )

Inan inventory system using classical EOQ model of Wilson, determine the range
of variation v EOQ if 1% increase in cost over the minimum total cost is
permissible. EOQ has been determined to be 400 units.

6 Anitem is demanded at the rate of 2000 units per yefJat a uniform rate. Ordering
cost is Rs. 350 order. Inventory carrying cost is 24% of the unit price per year. The
supplier has offered a unit price of Rs. 100/item but he is willing to reduce it to

tn
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Rs. 95fitem if a purchase order of 1000 units or more is placed. Should you accept
this offer?

7 Anitem is demapded at an average rate of 100 units/weck with a standard
deviation of 10 units. The lead timéiis normally distributed with a mean of 10
wegks and standard deviation of 2 weeks, If the lead time demand distribution is
normal, find the reorder point and buffer stock if 2.28% risk of shortage can be
ageepted during a lead time. ‘

& "Inventory management for slow moving expensive items should focus more on
fiiﬁi‘; time reduction than-gnf?ningé{&c"é(?ritically e_xamine the statement,

9 W, o should bg,mspongiblqﬁiquwmrol? Discuss this statement from a
duparimentafiayeeRdinp mopagement points of view. :

1o Congy Sherfgllowingsifation:

AnanseRIgEy system has fQikiiems to:be procured from different sources.
Proturemast actioi is basediogrgach item o be considered individually and }
independently. The follnwingm,hagc been obtained for demand and unit prices for
each item: - R ~

Unit price =
V; (Rs./unit)

ften .t

- 20
90
500
80

PIRE SR

T inventory control manager argues Vitiv” aentatly that there is no way 10 estimate
o:jering and carrying costs but he is prep , atcept that orczring cost to fraction

* parryiip charge is constant for each ites ently he is folluwing an ordering
iy of using a 4-month supply of each it = He is under pressare to cut down-

- ventory by 25% and is therefore abou!'t ad. pt e poticy of 3-momnth supply. Use

¢ hange cutve to shaw ihat he has bettzr prsns availabie tg him. What should he -
IR
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UNIT 18 STORESMANAGEMENT

Bbjectives

After completion of this unit, you should be able to:

® understand the role of stores in an organisation .

e appreciate the problems and benefits of centralisation/decentralisation of stores

o become familiar with the systems and procedures for stores management

® get an idea of the types of stacking arrangements and layouts employed in stores
and their impact on efficient retrieval

o become familiar with different kinds of equipment used in storing and handling of ’
materials

@ become aware of the latest developments in terms of automated starage and
retrieval systems.

Structure

18.1 Introduction

18.2 Stores Functions

18.3 Stores Organisation

18.4 Stores Systems and Procedures

18.5 Stores Accounting and Verification Systems

* 18.6g) Stores Address Systems

18.7 Store Location and Layout
18.8 Store Equipment

18.9 Automated Storage/Retrieval
18.10 Concluding Remarl.

18.11 Summary

18.12 Key Words—

18.13 Self-assessment Exercises
18.14 Further Readings

18.1 INTRODUCTION
llthy .ctivities in any organisation cannot be carried out at one point of time,
1ge is _aainevilable process. It increases the value of the material by simply
¢ 7ing it overtime; no transformation of any characteristics is desired. Thus stores in
:ompany has a vital role to play. All other activities involving n.aterials are in
¥ :o-datouch with the stores. In a majority of manufacturing organisations
. rial constitutes the major fraction of cost, i.e. 60 to 80% of total cost. The cost of
> al blocked in inventories is substantial. If this part of working capital is not
+ rly knaged the subsequent losses may be enormous. The success of the
+ essPlesides other factors, depends to a large extent on the efficient storage and
material control. Material pilferage, deterioration and careless handling may lead to
reduced profits. Stores management is concerned with carrying the right kind of
materials in right quantity, neither in excess nor inshort supply, providing it quickly as
and when required, keeping it safe against any kind of deterioration, pilferage or
theft, and to carry out the efficient performance of all these functions at lowest
possible cost. .

18.2 STORES FUNCTIONS




The major functions of the stores aze as follows:
a) Receipt: Receiving and accountin i
t g of raw-materials, bought out part
tools, equipment and other items. ] P
:11: Storage: Provision of right and adequate storage and preservations to ensure that
)e l::::ks do not suffer from damage, pilferage or deterioration. R
[ ieval: Facilitating easy location and retri i i imum
ey trieval of ¥
O Retrleval: Fac materials keeping optimum
d) Issue: Fulfiliing the dem onsu S
: t and of consumer departments by proper i of it
; L i 3 er issuc of ite
l;ecelpt of authorised purchase requisitions. PRRRS T
B Hacnr:::e T:o mamta1.n proper records and update recei p.[ and issiie of materials.
g ousekeeping: ngpmg tl_'Je stores clean and in good order so that the handling,
p eéervahon, stoc}cmg, receipt and-issue can be done satisfactorily. '
gicu o:alro!: Keepmg a vigil on the discrepancies. abnormal consumptions
; smulau of stotks etc., and enforcing control measures. '
30 l::r]?m.s Management: Minimisarion-'cif scrap, surplus and obsolescence through
E \? r ; nventory cqnt{ol, and effective disposal of surplus and obsolete items.
— f:l':l::itr:::h ;/enfyillng_lhe bin card balances with the physical quantities in the bins
! urchasin, iate 1 i
L P ;g f‘yclc‘fll appropriate time so as to avoid the out of stock
_i[)e (;t;ct»;lli;znon and coope;:‘:ﬁon:' TE_F coordinate and cooperate with the interfacing
departments such as purchasing, manufacturing, production planning and control
inspection, etc A : -~

18.3 STORES ORGANISATION

¢ adopted in relation to stores:

General Production Manager
or

Production Control Manager.

Usually the following two kinds of organisation ar
Materials Manager
or
Purchase Manager

\

Stores Manager Stores Manager

or

or
Stores Keeper Stores Keeper
(a) (b)

In type (a) organisation the stores is considered to be a materials function closely
related to the receipt, and is clubbed with the purchasiag or materials management
department. This kind of arrangement is justified on the basis of following

considerations: )
i) As the activities of stores are material oriented, it should report to a department
whose primary interests lie in the materials and related operations.

ii) From the total control point of view the receiving and stores activities should be
included with the rest of materials activities. This facilitates the coordination
among related materials activities from the stand-point of operations. Further, the
inter-relationship between stores, inventory control and purchase function will
receive, proper attention in this type of organisational arrangement.

he issue in the face of stores is considered to be more

In type (b) organisation t
significant and thus it is clubbed with the production department. The arguments for

such an organisational arrangement are as follows:

i) Inorder torunthe production operation smoothly the produdtion management
must have control over the immediate material supply from stores. This will ensure
the smooth delivery of materials to the production centres as and when required.

ii) In order to avoid/discourage any kind of collusion and embezzlement of materials,
the receiving and storing should be kept separate from the purchase department.




%e objectives of the organisational decision regarding stores could be to store and
manage the materials so that they are available in good conditions according to the
need, to efficiently supply the materials recording to production schedules, and to
perform stores functions at minimum cost.

In order to fulfil the objectives the organisation will depend on the situation under
consideration. In addition to the reporting, an important consideration in ‘
organisational design is the centralisation vs. decentralisatiogy Both the centralised
and decentralised organisations of stores are practised. The advantages of centralised

" and decentralised stores organisations are as follows:
H) AGYanages ol ceniraliseq stores orgsmsntmn: AN R
i) Effective and better supervision and control
ii) Reduced personnel requirement, thus involving less related costs
iii) Better and efficient layout of stores L N e e
iv) Better inventory checks Y I .
v) Maintenance of optimumstores .. . :
vi) Fewer redundant and obsoleteitems ., .
vii) Provision of better security arrangements possible.
b) EMvantages of decentralised stores organisation: - ..
i) Reduced material handling and associated work.
ii) Convenient for every department to draw materials
iii) Less risk of loss by fire etc.
iv) Less chances.of production stoppages owing to easy and prompt dvailability of
" materials. - ' '

_;8.4 STORES SYSTEMS AND PROCEDURES

The systems and procedures in stores can be broadly studied under four heads, viz.
identification system, receipt system, storage system and issue system. The overall
system of store functioning alongwith the major input-output documents at each state
is shown in Figure L. A substantial amount of information is required, at every stége,
for checking, controlling and feedback purposes. The stores systems have been
discussed with reference to the physical system as well as the recording or information
system. :




Figure I: Stores Symn_:s
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Identification System

The stores management is concerned with the design and control of the systems
utilised in conducting the store activities. A large number of materials are being
handled by a typical stores. Thus the development of an.unambiguous and efficient
identification system is the first responsibility confronting a stores manager so as to
_facilitate clear internal communication. o
The physical déscription of each item is usually lengthy and imprecise to be taken for
the purpcfs of identification in day-to-day operations. Moreover, it cannot be
operated on mechanical or electronic computing devices, the use of which is
increasing every day in automating the clerical operations of the stores. One kind of
identification of the parts can be done with the supplier’s part numbers. But each
supplier has got his own codification system and it will be cumbersome to operate on
these numbers for the identification of different parts. '

Thus the need to develop a proper identification system to coordinate the activities of
purchasing inventory control and storf& departments with possible integration with
the operations of design engineering, production and cost accounting can hardly be
overemphasised. The use of codification of parts can be done in any one of the
‘following ways:

a) Arbitrary approach: The inventory items are given an arbitrary number in the
sequence in which these are added in the stores account. Clearly, each item gets a
discrete number but there is no systematic relationship to the numbers assigned to
related items.

b) The symbolic approach: This is a very systematic approach to the design of
codification system. The codes assigned to different parts may be numeric or




monemonic (atpha numeric). A numerical system assigns a six to ten digit code
ﬁmber to each item to develop the classification from broader to specific categories.
is is illustrated with the Lelp of fallowing example:

The code number of anitem is 1 52 43 25; the explanation is as follews:

First digit - 1 Generalclass
. Next two digits 52 Generic class
Next two digits 43 Subclass
Last two digits == 25 Specific item number

* " This code is based on the assumption that there are maximum 10 general classes, 100
* generic classes, 100 sub-classes in each generic class and 100 specific items in each sub

class. If it is more than this limit in any of the categories, one more digit is to be added
for that category. The general classification of the parts may be done as follows:

Code . General Class

Raw materials
Purchased parts
Man‘ufact'q;‘qd parts
Work in profess
Spares. o

L I S PR N Y

This monemonic or alphaneumeric system combines the numeric and alphabatic
notations. This makes the visual identification easier because they are mare |
descriptive and often shorter. A typical example is

R Ba RS 21
1 .
Raw material B ~— . Round, steel Specific number of size

As the number of good alphabetical symbols is limited the system may not work with
larger number of items. ‘

€) The use of engineering drawing number: The number in the engineering drawing at
times is used as an identification number in the stores. This has the advantage of
better internal communication as this number is used by other departments. But it has
the major limitation that it can be only for manufactured items; for bought out items a
separate system is to be devised. Further, it has the non-sequencing disadvantage of
arbitrary system. ' :

Receipt System

The stores department receives the stores both from outside suppliers and internal -
divisions and accordingly there are separate receipt systems. The system of receipt
start much before the physical receipt of the materials in the stores. It starts with the
placement of purchase order by the purchasing department, a copy of which is sent to
stores. This is maintained in chronological order, 50 as to give an idea at any time
about the volume of receipt, and helps in the planning of receipt, unloading.

unpacking ang other related activitics, Further. the supplies while despatchingthe
goods normally send an advice note to the stores. This contains information regarding
the date of despatch, carrier details, description of the consignment and value, '
Another document known as ‘consignment note’ i

On actual delivery the receivin
quantity and condition of good
#nd tallies it with that in previo
package detfiling the contents
number

g department unpacks the goods received and checks
s using weighbridges, measuring devices, tapes, etc.,
us documents. There is a packing slip inside each
in package and usually it gives the purchase order




A *Provisional Goods Inward Note’ (PGI) or a ‘Materials Received Report’ is
prepared as soon as the materials are cleared from the receiving sections and sent for
inspections. This gives information on materials code, quantity received, rate, date of
receipt, carrier details, supplier details, location code and description of the material.
All the items received are inspected and sample tested to ensure that the purchase
order specifications are made. Results of the inspection are indicated in special testing
report and a‘Clearance Report’ or ‘Rejection Note’ is prepared and sent by inspection
department to purchase, Production and Accounting departments. This forms the
basis for the preparation of ‘Final Goods Inward Note’ (FGI) as shown in Figure 11
FGI indicates quantity accepted and quantity received in addition to the information
provided by PGI. FGI help in ptéparing shortage reports, claims documents, making
appropriate payments and récoveries in case of shortages.

. N R A .

o ‘Fignre'll:Finalgmqslnwardmm

rinal G.I. Note:

Material Part No:— Serial Number :(—
\ Description :—

P 0.Reférence -:—

Carrier details Supplier details ) Inspection report
Truck /wagon Supplier code | Test Results
ﬁg&‘ Consignment Supplier name Conclusions

Quantity received _— Damage/Shortage : —
Quantity accepted . shortageclaimref :—

| Quantity rejected _

Sd/- Sd/- Sd/-
Central Receiving Section  Inspection Deparfment  Stores Department
Date : Date: Date:
Copies fo: Accounts . Attention bills /Insurance & claims
Indentor : For information
Materials :  For updating and expediting
Management Dept. . .
) Stotes . For stock records and reference

In case of materials received from internal divisions or retu rned trom user
departments transfer notes or ‘Return to Steres documents’ are used. In Jome TasPs
Stores Department also handle the scraps. Usually scrap cards are prepared to
tndicate the nature and weight of thescrap.

Storage System

A Physical Systems: The design of proper shortage system is very important for €agy
location, proper identification, and speedy issue to the consuming department. Thie
commonly followed systems for physically controlling stores materiais afe: olage
stores system, open stores system and random access stores system. A single firm cin




soilaw i combpination of these systems depending upon the nature of productisn
opseration and the use of materials.

a) Closed Stores System: In such a system all materials are physically stored in a
closed vr controlled area, usually kept in physical control by locking. Only stores
personnel are permitted to enter the stores area. Entry and exit of the material from
the area is permissible only with the accompaniment of authorising document.
Maximum physical security and tight accounting control of inventory material are
ensured by such a storage system.

b) Open Stores System: In this system no separate store reom exists. The material is
stored as close to the point of use as is physically possible. Such a system finds.
applicability in the highly repetitive,, mass production fype of systems exhibiting a |
continuous and predicrable demand, ¢.g. automobile assembly plant. The storage
By-ilities are arranged at cach work station as per requirement and availability of
g;cc. The storage facilities are open and worker has direct aceess to it; no
authorisation document is needed.

" i
The open type of shortage system expedites the activities, cutting down the retrieval
time. Since material is used relatively quickly it is not subject to high rate of
deterioration or obsolescence. This system places little emphasis on the security of
materials . The materials used in open system should not be easily damaged or
pilferaged. g

The responsibility of stores in this system is to deliver the material to production areas
and to devise satisfactory physical storage arrangements with production supervisors,
"The further responsibility of the materials stored in production areas rests with the
production supervisors. '

/
The paper work is agb considerably less in open system, as it places less emphasis'on
accounting contrel. No perpetual inventory records are kept. The actual usage can be
determined by tinding the difference between the number of items in the beginning
and end of the period. .

¢} Random Access Stores System: This is a typical kind of closed stores system in
which no material has a fixed location. All materials are stored at random locations
throughout the store room. However, similar types and sizes of storage equipment are
grouped together. When an item énters the stores, it is stocked at the first available
storage location for that particular group, and when it leaves the storage, location
becomes empty for any other item of the same group.

Ususlly a paper-work control system utilising punched card data processing
equipment is employed. On the entry of any particular items a punched card is
prepared with stores address. The requisitions are run on an electronic device that +
matches the requisition with stored material record which contains the store's address.

The most significant advantages of this system is that it utilises the.space more
efficiently than a fixed location, system. Further, it provides greater flexibility by
accommodating different materials and inventory mixes with some storage facilities.

This type of storage system has got certain disadvantages too. It is feasible for large
scale operations and requires a costly control system using electronic data processing
equipment. The preservation of record card is very important; if it is lost the item is
also literally lost for indefinite périod. Moreover, the physical stock verification
without this is very cumbersome and time consuming.

B Store Records System: Development of appropriate recording system for stores is

important to provide right information regarding the physical invent(_\r}? and
accounting of the transaction. Two records are usually kept of materials zmd_oti}i:__r
goods received, issued or transferred. namely. on Bin (or Stock) Cards and in the
Store Ledger. )




a) Bin Cards: For cach kind of material. a separate record is kept on Bin Card which
shows details of quantities of each type of material received, issued and on hand each
day. A typical Bin Card is shown in Figure T11. The Storekeeper maintains the Bin
Cards up-to-date and usually in duplicate. One card is attached to'each bin on shell
containing the material and record remains with the storekeeper for reference. Soine

firms use the KARDEX System in which a Kardex is prepared and updated. Bin cards

are also used as a check on the stock fedger accounts in the material aceounting

Figere 111z Bin or Stock Card

BIN CARD
Bin No Maximum Quanfify..........
Material . Ordering Level ...
Code No ............ Minimum Quantity .....oo-

Strores Ledger Folio..........

Date Quantity Quantity

. Balance Remarks
. Received Issued

i -

b) Stores bedger: It is identical with bin card except that here money values are
shown. The store ledger may be mauintained by u separate material accounting
department. The entries regarding the materials ordered, received and issued are
made from the purchuse order, receiving section report and the material requisitions
respectively.

Issue System

This is the last stage in the stores systen. Issues can be of two kinds, i.e., issues 10
consuming departments, and issues to outside supplies for processing. In both the
cases there are certain commeon requirements. The control of issues is regulated by
production programmes. Based on the programme and the bill of materials work
orders are prepared, listing for each material quantity to be issued and the
corresponding quantity of the component to be manufactured. Any material
requirement over and above indicated in the work order quantity means cxeessive
wastage and scrapping. Usually. the junior stores personnel are not authorised to
issue bcymalhc work order quantity which brings an inbuilt control.

Normally, two copies of the work order or Material Requisition Form (shown 1
Figure 1V) are prepared by the foreman or concerned manager which are forwarded
by the storckeeper 1o material accounting division for pricing and entry in store
ledger. Onc copy is retained there and the other is returned to the originating
department where it is used as the basis for a charge to the appropriate production
order. Adhoc material requisitions aré gomciimes made. Periodically consolidated
statements of such items must be prepamd. Whep issues are made to outside supplies.
controls have to be more formal and adequar® enough to take care of payments and
claims. .

\




Figure IV: Material Requisition

MATERIAL REQUISITION \
: [

Material required for....... ..

{Job or Process)

Department ................... Date ...
Sr. | Description | Code Quantity Rate | Amount | Entered
No. No. on store

Demanded | Supplied register .
Ppage No.
Requisitioned by Approved by Material Received by
. Issued by
18.5 STORES ACCOUNTING AND VERIFICATION
SYSTEMS
ores Accounting Systems .

ores accounting is important from the point of view of estimating the cost of the
product for pricing decisions. The costing of material has to be done both for the
materials consumed in the production and estimating the value of materials held in
stock.

For the purpose of costing the receipt of materials, the factors that should be included
are material price, freight charges, insurance, duties, taxes, packaging charges etc.
The prices quoted and accepted in purchase order may often be stated in various ways
such as net prices, prices with discount terms, free on board, cost, insurance, freight,

- All these factors should be appropriately accounted while costing for the
incoming materials.

Another important accounting is to be done for e issue to production and of the
stocks held at the end of accounting period. Let us discuss some of the important and
frequently used system for this purpose:

a) FIFO System: This s st@h known as First in First Out System is based on the
assumption that the olést stock is depleted first. Therefore, at the time of issue the
rate pertaining to tig} will be applied. There is no “profit’ or ‘loss’ in the pricing’

angements. The value of the stocks held on hand is the money that has been paid
or that amount of stock at latest price levels. In case of too many changes in price
levels the FIFO System becomes unwieldy. Another limitations of this system is that it
fails to provide a satisfactory answer to costing-returns from stores.

b) LIFO System: This system known as ‘Last in First Out’ System is based on the
assumption that the most recent receipts are issued first. As the lastest prices are
charged in this system, it leads to lower reported profits in the periods of rising prices
and this offers savings in taxes. In case of wide fluctuations in prices this system tends
to immunise un: -alised gains or losses in inventory. It has almost the same limitations
as that of FIFG 5y stem.




) ;} Average Cost System: This is based on the assumption that issues .0 production
‘ ;P?f“?*?‘_" are eqllla_llly made from different shipments in stock, i.e. an average cost of
. shipiient in stores is charged. It stabilises the cost figures. The average istobe

calculated by dividing the total cost wi crof i i 1pd

! | 1 st with the number of items and is to be uj i
every new purchase. . . - be updated with
: Figure V2 Comparison of stores Accounting Systems

i) Rising price levels:

TTFIFD AVERAGE LIFO FIFQ AWERAGE LIFO
FENL AT .
{ii) Falling price levels

Costof
matarials |
issued -

Cost.of,
inventgryl
levels of
the epdef
o, peritd

FIFQ AVERAGE LIFD ' EIFD AVERAGE LIFD

d) Market Value System: This is also known as replacement rate costing, in which the
‘materials issued are charged the prevailing market rates. This system underestimates
the stack on hand in the case of price increase, whereas it overestimates the stock on
hand in the case of price decrease. This may in turn lead to writing off huge amount 1o
make it realistic. Moreover, a continuous monitoring of the market rates for all
materials makes the system cumbersome. :

¢) Standard Cost System: In this system a detailed analysis of market price and trends
is carried out to determirie a standard rate for a fixed period, say six months or so.

. This standard rate is charged to materials issued during this period irrespective of the
actual rate. After the period is over the standard rate is reviewed and updated.

This system reflects the efficientuse of materials as the fluctuation in rates is not
considered in accounting. Moreover, it adds to clerical efficiency as the fresh rates are
not to be obtained every tithe. However, similar to Market Value Approach, this also
leads to underestimating or overestimating stocks on hand in case of rising and falling
prices respectively.

f) System of Costing the Closing Stock: The general guideline for this purpose is to use
* market-price or stock at cost, whichever is less. The cost of closing stock is governed
_mainly by price units, obsolescence and deterioration. In rare cases the stock may
appreciate with time. Appropriate formulae to account for these factors should be
developed keeping in view the piist expericnce.

Stock Verification Systems

Some disciepancies between the actwl and the book balances of inventories are
bound to occurdespite the diligent store keeping. The process of stock verification is
carried.out for following purposcs:

i)‘ To rz}céncilc the store records and documents for their accuracy and usefulness,
: i) ,"Edt:n!ificngia)nx—mf :tqéuﬁ'_-(!bscrving tighter decument control,

. i) To h'd(:_’z(_—Lib ghe-balaﬁcc sheet stock figures, and . .

"iv)y To'minimisé.the pilferage and fraudulent practices.




‘Most companies keep an “inventory short and over™ account to absorb such
discrepancies. which is eventually closed into the manufacturing overheads account.

Some of the systems of physical stock taking are as follows:
2) Aanual or Periodic Physical Verification: In this system the cntire inventory is
physically verified at the end of a period, usually the accounting period. That is,
normally at the end of fiscal year. Stocks are closed for a few days. This may
necessitate the shut down of production operations; the activities such as repair and
overhaul of equipment and machinery arc resorted to. A special crew ot store
inspuctors and storcs verifying officers, usually from the material audit, physically
check each item and corapare the entries on bin card and stores ledger. This leads to
the formaticn of a list of surplus or short items. Damaged-and obsolete items are
traced and recorded. This needs to develop a detailed programme and schedule to
complete the veritications, storewise and itemwise. Top managcment q Sanctlon can
then be sought for writing off deficiencies or valuing surplus

As wlithe items are checked at one tiine Ih;.rc can be no confuslon about any item
being left unchecked.

b) Perpetual Inventory and Continuous Stock Taking System: In case of large firms
dealing with a large number of items the final inventory system may take a lot of time
and it may not be possible to shut down the whole plant. The perpetual inventory
system is a more appropriate method for large plants. In this method the stock
verification is done continuously throughout the year. Different mcthode. are adopted
by different firms for continuous verification.

Some firms divide the whole inventory into fifty-two equal parts. Each part is verified

every week. Some firins record store balances after every receipt and issuc, and a

number of items are counted daily or at frequent intervals and checked with the bin
rds and stores ledger. Dl&crepancws found, if any; owing to incorrect entries,
eakage pilfefige, over-issue, placing of items in wrong bins, etc. . arc investigated

and corrected accordingly. The significant advantages of this s@m are as follows:

i} ~The shut down of the plant is not necessary for stock checking/taking.

ii) The method is less costly, less tiring, less cumbersome and hence is more accurate.

i) Discrepancies and defects in stores are readily detected and are not carricd over

throughout the year. This prevents damages and losses.
iv) Slow moving stocks can be noted and proper action can be initiated in time.
v) The stock items are kept within the limits.

¢) Low Point Inventory System: Some companies take the phys:cai inventory, i.¢. the
stock level of stores is checked generally when it reaches its minimum level.

18.6 STORES ADDRESS SYSTEM

The storage and retrieval are matched processes. The quick location of any item in the
stores is required to minimise the retrieval delays. It is possible only when there is
definite place for keeping cach item and the item is kept there. Moreover, the address
of that place is conveniently defined.

A variety of stores address sysiems are used to address storage locations. A typical
address system is shown in Figure VI. In this system, the store room is divided into
blocks; each block is identified by a lateral block letter and a longitudinal block ietter.
Every row of shelves, within each block, is given a number. Each row is divided
vertically into columns and horizontally into shelves. A particular bin 1s wenuficd by a
six digit, alphanumeric address code as follows:




Firstdigit =~ — Lateral block

Second digit . — Longitudinal block
Next two digits — Row

Fifth digit — Column

Sixth digit — Shelf

Biocks and rows should be clearly identified with painted signs. Columns and shelves '
are counted from lower left corner.

Every item carried thus has a specific store location address in the form of‘ a uf)de,
which may be written in the inventory catalogue, or a separate store location index
may be prepared. The location code should not b confused with the material
identification code. :
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18.7 STORE LOCATION AND LAYOUT

Store Location

The location of stores is a strategic decision which if once taken cannot be casily
undone. 1t would be extremely costly to change the storage Jocation at a later stage. It
should be carcfully decided and planned so as to cnsure maximum efficiency. The
optimal location of stores minimises the total transportation, handling and other costs
related to stores operation and at the same tine provides the nceded protection for
stores items. The models of facilities planning can be applied to determine the optimial
storage location in large size vrganisatiens. Store location depends upon the naturc
and valae of the items to be stored and the frequency with which the items are
received and issued to the different departments. Other important factors governing
the location are the number and location of end users, variety #nd volume of goods to
be handled, location of the central receiving station and accessibility to rail or road
links. : : -

In general. stures are located Uose to the point of use. Raw-materials stores is usually




located near the 1rst operauvii 1 Case us e L YUULJ L IHPIULLAS SIULUS fival o
subsequent operation, and finished goo 5 near the shipping area. The touls and
supplies stoves is located centrally to the personnel and cymipment served.

In big plants it may not be possible to locate the stores wiiich is convenient to all the
departments and at the same time near (o the receiving scetion. Usually a central
stores is locuted near the receiving seciion and the issues are decentralised by
setting-up substore, conveiently localed to serse user departments.

The location.and buiiding up of stores shouid be done with a futuristic outlook. The
provision tor tiwe new departinents znd the iacrease in the volume to be stored should
be kept. )

'

Layout and Design of Stores
The ctticientlayout and design of s1Grcs 1+ very important from the point of view of its
furictioning which is linked to the overadt furctioningofithe plant. A good layout must
bring the point of origin, store room and point of use-nidjacent and proper reference
of best material flow. The planning and design of starcs should be carried out with the
following objectives in raind:

1) To achieve maximum ease of operation

materials.

O Toachiey e mimimum waste of space and tlexibtity of arrangement.
i1i) Minimisation of material handling requirements.

iv) Minimisation of material deterioration and pilferage.

i ready aceessibility of major v

o assist the planning to meet the objectives, following information should be.
generated from the records:

i} Classification of store items by size, number, wei ght, frequency of handling
(FSN—Fast moving, Slow moving, Non-maving), handling arrangements,
perishability.

i)  Space requirement to store the item.

iii)  Units withdrawn at a time .

iv)  Maximum number of units to be stored at one time.

v)  Storage facility best suiting the item.

vi)  Listof available storage space for different kinds of storage facilities.

vii) Size and shape of the space available for laying out the stores.

viii) Prepare a flow diagram of the flow of materials through the stores.

ix)  REL Chart for the storage of different classes of materials can be prepared.

While planning the layout and design of the stores, following factors should be
considered: -

i) The space for receipt and inspection should be provided adjacent to the main
| stores.

ii)  Use of third dimension must be made effectively.

i ili)  Different storage facilities should be situated in clearly defined lanes, so that

|y itemsare quickly stored and located.
|i\-r) Main lanes or aisles should usually be 1.5 to 3 metres wide, depending upon the
" type of material and the amount of traffic involved. |

v)  Clear markings should be made at storage space to facilitate location and
identification.

vi)  The fast moving items should be stored near the dispensing window; the slow
moving should be away from the window.

vii)  The layout should permit the use of modern material handling equip. ent.

vii) Stores layout should encourage the FIFQ, i.e ‘he old stock should be used
earlier and the storekeeper should not be compelled to keep the new stock
above the old one.

ix)  Due space should be left for expansion purposes in each portion.




x) A Pleasing and hygienic environment must be provided within the store room.
This may be done by proper selection of the colour of walls, provisions of
) exhaust removal, provision of cleaning etc.
xQ Adequate and clear lighting arrangements should be provided.
xii) Adequate safety prgvisions including fire fighting equipment, alarms, accident
ccmtr‘ol and prevention methods should be inbuilt in the store room design.
}:un) Speqal fa@lities, such as cold room, heating equipment, air-conditioning etc. , if
required, should be carefully planned in advance.

18.8 STORE EQUIPMENT

. st :
The different kinds of equipments Which are used in a store room can be broadly
clasgg;f_d into two categories, viz., storing equipmcnis and material handling
equipmerits. A judicious selection of different store equipment is a key to the
successful operation of a store room.
LI

toring Equipment
The commonly used equipment in a store roem are as follows:
i)  Platforms
ii)  Pallets and skids
iii) Cabinets
iv) Stacking boxes
v)  Special storage racks
vi) Gravity feed racks
vii) Outdoor plattorms and racks
viii) Open and closed shelves

ix) Bins

x) Trays

xi) Drums

xii) Barrels L

The sclections of the equipment shall be governed by the size, shape, other physical
characteristics, and the extent of preservation required. An open type of shelving -
should be preferred for easy accessibility unless the nature of the item needs a closed
storage equipment. The selection of the material for racks etc., i.e. wood or steel
should be carefully done. The steel equipment of ‘knock down’ variety that can be
assembled and reassembled in different forms in numerous standardised shapes and

es offer more flexibility. Steel equipment have advantages of strength, cleanliness
and fire resistance.

Material Handling Equipment
The common type of material handling equipment Eed in stores are as follows:

i) Trolleys

ii) Fork-lift truck

iiiy Hoists

iv) Monorail

v) Belt conveyor

vi) Roller conveyor

vii) Crane

The selection of the material handling equipment depends upon the size, shape and
weight of the items, the location of the item in the stores, etc.




18.9 AUTOMATED STORAGE/RETRIEVAL

Stgmflcam developments have taken place in the area of stores management in'the -
past few decades. The concept of a totally automated storage-and retrieval system has.
been inviting the attention of professlonals to match the storage system with the rapid
developments in the technology. High rise storage systems have been oommonly used
in advanced countries. Automated material handling systems are used for the unif
load type storage retrieval system. But for the systems in which difterent quannues of
ENfferent items are to be retrieved the semi-automatic kind of material handling with
manual operator are used. The operator carries with him the listof items tobe - -~
retrieved. By making use of pre-defined system he goes through the store room, Stops

. the handling equipment at respective bins and ¥6mplétes the listin a prckmg tour. He
may go aisle by aisle or according to items in list or by any other system. Operations
Research techniques of sequencing, routing, etc., can be apphgd to determine the 3
optimal locations of items and optimal route in a plcking t’our Sorﬁé of't Egﬂicms to vt
improve the efficiency of automated storagef’retrleval systems are as follows? R ’
i) Sequencing in an optimal way by picking s(lops :n 2 single picking tour” Y
i) A]Iowmg a single operator to perform all storagc and order plckmg operations m .

an aisle. -

iii) Generating a picking list based on a single customer’s order
iv) Storing items in pairs. e.g. nuts and bolts.
v) Locating items from the rack as per the structure and importance,

vi} Allocating all items related to a specific facility to a singlé ais!'f_:'zl

—

18.10 CONCLUDING REMARKS

.

The storage system forms the key component of any materials management system.

The efficient planning and design of the store system is very much important for the

efficient and smooth operation of any plant. Due consideration should be given to the
design of the store system of both physical and information processing. The stores ,
system closely interacts with other sub-systems and these interactions must be clearly
understood and interpreted. Efforts should be made to incorporate the latest
deve[opments in the area of stores management so as to provide the right kind of
service at the right time with adequate preservation of the items and minimum
blockage of capital.

“18.11 SUMMARY

In this unit we have identified the basic functions of stores in an organisation.
Effective Storage of goods is vital to the success of any organisation and efficient
management of stores leads to higher produectivity, fewer delays and lower overall
costs. . '

. The need of a proper identification, receipt.and storage system has bccn highlighted.
This is followed by a discussion of stores accounting and verification systems.

Systematic procedures to identify the location of an item in stores go a long way to
reduce retrieval time. Some stores address systems have been preserited in this regard

The location and layout of the stores deserve careful consideration as do the various
storing equipment like bins, racks and other material handling devices.

Finally the basic concepts of automated storage and retrieval have been presented.




18.12 KEY WORDS

Automated Storage/Retrieval: This refers to the use of automatic or semi-automatic
material handling devices programmed to store or retrieve items in a store very
efficiently.

Identification System: A system to give codes (numeric or alphanumeric) to various
items in store for easy identification and record keeping.

Receipt System: The procedurg to monitor the receipt of goods in a store with
indications of the condition gf goods. (satisfactory or otherwise) at delivery.

Store Accountipg System: Collection of relevant data for estimating the cost of the
product farpFisHElecisions,,

Storeg Adgrfl System: A Rrs‘}cedure by which each store item has an address or «.
locatiof@r quick storage or retrieval.

Storage System: The mannerin whigh googj are physically stored.
TA0 ! bl

Stock Verification System: A thgkc?j the actual items in stock physically in the store
with those in the record bogks.

18.13 SERE-ASSESSMENT EXERCISES

1 Discuss the major functions of stores in an arganisation.

2 What are the advantages and disadvantages of centralised store room facilities?

3 What are the advantages and disadvantages of decentralised store room facilities?

4 What problems exist when a company attempis to use suppliers’ part numbers in
its material identification system? Comment upon the options the company may
have in designing its own identification system.

5 Why is stores, accounting important for a firm? Discuss various systems that may

Bbe followed and their impact on product pricing.

6 Pjiscuss the use of perpetual inventory record in both the closed and open stores
systems. '

7 How would you choose the best location for a new store?

8 What are the objectives of good store room layout? Explain.

9 What do you understand by aufifZhated storage and retrieval? For what kinds of
goods and in which companies in India do you think stich systems would be
appropriate?

10 You have been given the responsibility of making a study of an existing store room
and of taking charge of its reorganisation. Outline and explain briefly the approach
you would use in planning this undertaking.
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UNIT 19 STANDARDISATION,
CODIFICATION AND VARIETY.
REDUCTION

Objectives

After completion of this unit, you should be able to:

® familiarise with the need and role of classification, codification and standardisation
in the context of materials management from the viewpoint of planning, control,
purchase, inventory, stores, and so on

® appreciate the importance jof standardisation in variety reduction

design and implement codification system for situation other than materials

design and implement standardisation for procedures, forms etc. in information

system design '

introduce computerisation of data system for materials using codification and

standardisation :

Structure

19.1 Introduction

19.2 Classification of Materials

19.3 Codification

19.4 Standardisation and Variety Reduction
19.5 Summary

19.6 Key Words

19.7 Self-assessment Exercises

19.8 Further Readings

19.1 INTRODUCTION

Almost all organisations use and store a large number of items. Some of these have
relatively longer life, for example, buildings, plants, equipments, machines, furnitures
etc. while others, in a rather large number, running into lakhs, spend shorter time
with the organisation, for example, materials, components, tools, stationeries, etc.
We shall concentrate mainly on materials and parts.

Several departments of the organisation require the information about the materials
and their requirements are usually different from eachfther. For example, it is easy to

isualise how the information requirements may have quite a wide spectrum by
gpartmems such as receipt, storage, inspection, design, engineering inventory,
accountsgmarketing etc. about a given material. Some departments are interested in
the size, Volume, shape, some in engineering properties, some in financial aspects

ile some in the commercia! value of the-material. It is quite likely and perhaps

Emetimes purposeful for an item-to get identified by different names by different

epartments of the organisation. A dustbin may be known as refuse container,
rubbish-box, etc. An electric company in UK had as many as 118 names, for a simple
screw with a width ‘of 3/8 in. and length of 6 in. depending on type of usage and the
department using the screw. These may, however, result in confusion and tend to
duplicate ordering or overstocking. The problem could really explode beyond
dimension when the number of items is very large (as usually it is) and there are /
several external organisations, suppliers, wholesalérs, retailers, customers etc. who /
prefer to call an item by different names: some by brand name, some by manufacturer
reference number, some by engineering name, and some by serial number.




Quite often, a good number of products or paris may differ very marginally or
insignificantly from each other in dimensional or some similar characteristics. The
functional requirements will be equally well served if all such parts are made to the .

e common specifications. This is called standardisation. The process of
standardisation logically leads to reduction in the number of part. varicty thatan ./
organisation handles. :

For the purpof of convenient understanding of the topic, we shall discuss
classification, codification, standardisation. and variety reduction in that order.

19.2. .CLASSIFICATION OF MATERIALS

When there are nuriérous items handled by.an organisation, their planning and
coordination becoinds extremely difficult, if not impossible, if each one of them is
handled separately. Classification of materials involves grouping of items according to
some criteria. We are quite familiar with classifying our domestic articles into clothes,
kitchenware, electric appliances electronic gadgets, furniture, professional articles,
entertainment arficles, groceries, consumables, non-consumables etc. It is easy to see
that an item may belong to more thari one class depending on the criteria used. For
example, a radio set is an electronic gadget as well as a non-consumable and
entertainment article.

What is the purpose of classification? Following are the major objectives of

classification:

i) To devise procedures of planning and control for materials in a class.

ii) To devise purchase procedures, inspection methods, and storing and issuing
procedures, common to all materials in a class.

i) To devise accountifig and evaluation procedures common to all materials in 2
class. :

Obviously, the concentration of effort according to class system would be more
efficient and effective as compared to diluted effort corresponding to each individual
item,

Following are the major classification systems.

On the Basis of Nature of Materials

a) Raw Materials: Raw materials include all those materials which are purchased
from the original p§{lucer or other manufacturers and are used directly in producing
the firm’s product. For example, cotton and yarn are raw materials for cotton textile
mills for they help in producing the final product—cloth. Cotton is purchased from
the original producer, i.e., cotton grower, whereas yarn is procured from other
manufacturers, i.e., spinners. The product in one tiade may become the raw material
for the other trade. )

b) Machinery and Equipment: All the machinery, both power and hand-driven, such
as, presses, lathe machines, typewriters, electric motors, fans, and other machines
used in the production and other departments, is classified as such. Tools also come
under this category, and they are issued on loan basis to the various departments for a
definite period, generally till their life-time.

¢) Consumable Items: Those materials used in the manufacturing process which
cannot be used for the second time for the same purpose since their utility for the
purpose in question has ceased and the shape changed are referred to-as consumable
items. Coal, coke, mineral oil, lubricants, cotton waste, paints, varnishes, oxygen,
stationery items like pencil, paper, carbon papers. ink, etc., are a few examples of the
consumable items.




d) Chemicals: Substances obtained after undergoing certain processes in chemistry
according to a formula devised for the purpose may be known as chemicals. They
should be stored, preserved and issued very cautiously after a careful scrutiny and
proper analysis since their use involves risk even to life. Items like carbide. acids. etc.
can be classitied under the head —_—
¢) Inflammable Items: [tems highly susceptible to fire, such as petrol, kerosene, films,
dopes and paints, fall under the category. Due to their hazardous nature, they are
generally stored as far away as possible from the main building with cémplete
fire-fighting arrangements standing by. |

f) Fuel Stock: These are also consumable items. But there is a slight difference
between the two in respect of their uses. When an item is directly used for production
and is a fuel for the furnace, oven, etc. . itis classed as foel stock. Itis a necessary item
for completing, rather starting, the manufacturing process and of course one of the
important items in a manufacturing unit, but it can never C_Ol'lS-IitlLll!_)C‘ t
product. However, sometimes it may righitly be taken as a'raw materia
stock but is also a raw material for an iron and steel industry.

2) Furniture: Movable contents of a house or a-room like chairs, tables, almirahs,
benches, stools, etc., are furniture items. Their-pepaits, renewals and replacements
also require proper maintenance of records singe they are issued temporarily on loan
basis. . Y
h) Scrap Materials: On the expiry of life of a particular item, the residue is called the
scrap. Such material as is left over as waste in the process of production-fsalso known
as serap. The scrap is sold out in the market so as to fetch some value out of it.
Kabadis are the best purchasers of scrap in this country.

i) Packaging Materials: These include all kinds of wrapping materials, such as paper
wood carvings, sawdust, straw, etc., containers like boxes, crates, drums and bottles,
protective coatings, such as, wax, grease, as also plastic cans, bags, etc.

J) General Items: This category include all those items which do no* fall under any of
the above categories of items. In a large undertaking, general stores section is
separated from other stores under an independent incharge since they cover a large
number of items, which, although not directly linked with the production processes,
are required for day-to-day smooth and efficient running of the enterprise. Cleaning
materials like soap, brasso, brooms, uniforms for the staff, stationery and all other
items of general use are handled in the general stores department.
On the Basis of Usability of Materials
a) Serviceable, Unserviceable and Obsolete Items: Serviceable items are those :tefrxs
which go temporarily out of order. After repairing and replacement they may b?nome
serviceable agagg and their usable life may thus be-cx:t.ended 'for_snmc more nrnc.f
' Unserviccableﬂms are those items which have outlived lhen!'_ life. No ::tfmo;;l "]
repall8, renewals or replacements can bring them back to their usallall_ellll e. They a‘:’relll
s fit only for disposal as scrap. Obsolete items are those items which have gone ci)
E.:iate because of new inventions in design. use, etc., and which cannot profitably be
ed again. L

b) Finished and Semi-finished Items: Finished items are those goods which have been
manufactured in complete form by the production department and are ready for sale.
On the other hand, semi-finished items are those which have not yet been
manufactured completely and need some further processing before they can be put to
sale in the market, They are thus taken back by the production department for turning
them into a final product.

¢) Dead Stock Items: This term is generaily used in government departn*l_t\r_'.ts,ll
Furniture, ¢quipments, machinery and other items whicl:; have some definite life and
which cannot be written off before the expiry date of their life are classed as dead
stock items. They are issued temporarily on loan basis to their users.




d) Unused Items: These are not stock items in the réat sense of the term. These cannot
be used in the production unit. because, being defective. damazed beyond use, or
hecause of some other rcason they have been rendered unusable. Sprm..:,. <= wnnsed
stocks are mistaken for scrap and unservieeable materials. But this is not the real
position. Scraps are generally left out items from the production unit. They cannot be
used. as cither they are less in quantity or lessin measurement, weight, etc. But
unserviceable items are movable items which have becn rendered unserviceableby -
, onstant usc and are now beyond repair. ' v

Activity A

Classify %1l the items used in the house on thtbasis of nature of materials and on the basis
of the usability. How many groups do you find? Regroup them if possible.

Activity B
Consider an officer dealing with persannel administration. Classify all the various files into
some reasonable groups. State the criteria of ¢lassification.

PRV A

19.3 CODIFICATION

From the above, it is clear that there must be some means of identifying the items
accurately, uniquely, and adequately. These jdentification attributes are achievable
by appropriate classification and codification. We are familiar with the PIN Codes
used by Post and Telegraph Department to uniquely and concisely identify various
regions of the country. Codification is a process of representing each item by a group
of numbers and alphabets indicating the group, the subgroup, the type and the
dimensions of the item. Many organisations in the private and public sectors, railways
and DGS & D, have théir own system of codification. The number of digits in a code
may typically be somewhere between eight and thirteen. The role of these digits ana
some fundamental principle of codification can be understood from the following
example: )

digits 1=2  major group (raw materials, spare parts, subcontracted items,
hardware items, packing material, tools, oil, stationery, etc.),
34 subgroup (ferrous, non-ferrous, etc.),
57 dimensional characteristics (length, width, head diameter, etc.),
minor variations,

location of storage,




10-11 user departments of the organisation,
12, products or product lines requiring the item,

13 any other information (related to inventory ak:counting,
' purchasing etc.).

This is merely an illustration of codification, process. The codification process can be
based on other aspects also. (i) The codes could be obtained by the nature of items in
grouping all items of the same metal ¢content, say ferrous, nou_-_ferrous etc. (ii) The
system could be built sometimes on the basis of the end-use of items, say
{Phaintenance, spinning, foundry, welding, packing, machine shop, etc. (iii) The
codification could be thought of on the basis of source of purchasing where items
obtained from one source are grouped together. (iv) The codification could also be-
built on the basis of alphabetical listing. ., ' ‘ :

Objec of Codification

In order to identify the items correctly and logically for processing the transactions,
and to facilitate easy location in stores, a codification system should be evolved with
the following objectives: a

10 - .
a) Accurate and Logical Identification: A.scparate code is allotted to each of the items
available in the storehouse indicating the size, guality, price, usability, special
characteristics, specification, etc. This distinguishes Sne item from the other, even if
menclature is the same, helps in accurate identification and eliminates any
ssibility of confusion. For example, a lead pencil of black colour, HB quality, for
writing purpose and within a price range of Rs. 1.00-1.50 may have its code as

. 07 5.1236 B
where 07 indicates the group (viz. stationery items)
3 indicates pencil,
9 indicates lead pencil,
1 indicates lead colour (viz. black)
2 indicates quality (viz. HB)
3 indicates use (viz. writing)
6 indicates price rapge (viz. Rs. 1.00-1.50).

b) Pregpation of Duplication: All items are separately codified and are arranged ina
@ical order. Similar materials are grouped together (such as stationery items) and
en a code (e.g., 07). Once a code is allotted to a particular group, it is a decision on
rganisational level and in no case it is changed. Since each item has a different code
number and various items are kept in different bins at different places, there can be no
duplication in placing the orders, and no piling up of the materials will take place in
the storehouse. )

¢) Standardisation and Reduction in Vgkieties: For codification, grouping of identical
items is done and it enables the stores to examine the entire range @items. It
facilitates the elimination of those varieties in place of which other varieties of the like
quality can be used; this reduces the number of varieti~:s to the minimum. If proper
standardisation is achieved and the number of items is kept at the minimum, it will
considerably reduce investment in various items as well as the cost of inventory
carrying.

Efficient Purchasing: The filling up of purchase requisition, and preparation of
urchase orders g simplified by the use of codes which easily indicate the materials
required. Buying instructions to the suppliers become easy and quick if there is proper

understanding of codification by the supplier. The entire operation of the purchase
department can be organised according to grouping of items. In centralised
purchasing such a system serves well in dealing with the purchase orders and in taking
advantage of bulk purchasing. ) ’




recording and result-yielding accounting. Chances of mistakes are minimised. Pricing
and valuation also become more accurate and reliable. RARRE 2

¢) Efficient Recording and Accounting: Codes lead to-.-eﬁggivq stock cantrol, efficient

) P L s
f) Easy Locating, Indexing and Inspection: The materials in the store have to be kept
in an order which may facilitate their placement and location. For making it less time,
and energy consuming, items may be arranged according to the codes allotted to '
them. This would also facilitate a quick and efficient inspection.’ BRERES e

g) Easy Computerisation: Small size computers such as Personal Computers.(PC) are
finding their wide applications in miaterials management. The computers work better
with gqdes than with long description of materials. e
. ) - S ERG 1 B
Essential Featur"eg.!of Codification'System ‘ .
PR M
There couldbsmanypassilie afrangemgnts ’é‘f coding symbols (numbets, alphabets,
etc.) which gan used to design,a code. However, a great deal of thought must go
into the coding scheme if it is to satisfy a variety of users. The following considerations
mustbekept inmind when designing codes... . ' ) B :
a) Brevity: The codification system should avoid long and unwieldy description. This
implies that the nc’C}d;s should comsist minimum possible number of digits. The size ol
1 code would nQrfikally be dictated by-the number and range of items and the
“number and types of appligations of the data pertaining to the item. For example, for
the pencil code 07.:;\?6, the last digit representing the price range may be deleted if
such information is ,t;xfeeded. '

methods of data processing’employed. For the example of pencil code, the last digit
representing price range should have an increasing price range with the value of the ~
digit increasing, that s, a value of digit as & may indicate a higher price range of say
Rs. 2.00-2.25. ) :

b) Logical: The coding siaé}m' should be logically fit for the needs of the users and the *

¢) Flexibility: The code design should be flexible to accommodate changes without
disturbing existing codes. We are familiar with the library coding system in which

codes do never get disturbed by addition of new books and all books to come in future. -
are easily accommodated by the existing code structure. '

d) Uniqueness: Each code must be a unique representation for the item it identifies.
For example, an inventory item number or employee identification code must identify
gre and only one inventory item or employee.

¢) Easy Understandability: The code structure must be easily understood by various
users. It should be as simple, practical and meaningful as possible.

f) Proper Choice of the Coding Symbols: While a code may have numbers, alphabets
or a mixture of both, certain precautions should be taken in selection of the symbols.
Characters with similar appearances should be eliminated. For example, the letters O,
Z, 1,5 and V may be confused with the numbers Ofzero), 2, 1, 5 and U, respectively.
Where possible, letters that sound the same should be avoidéd (for example, B,C, D,
G, Pand Tor M and N).

g) Layout of Codes: The layout of code should be eq"ual in length. For example a code
001-199 should be preferred over 1-199. Codes longer than four alphabetic or five
numeric characters should be divided into smaller segmentsfor human judgements.

h) Capacity of a System: When calculating the capacity of a given code for cr;wéring all
situations while still maintaining code uniqueness, the following formula applies:
(=S¥, where C is total available code combinatiois possible, S is the number of

_ - unique characters in the set, and p is the number of code positions. For example 4
3-digit code with numbers 0 to 9 will have 10*=1,000 unique code combinations. The
size of code structure, therefore, should be decided before hand by anticipating the
requirements of the unique combinations. !




quiflcation Systems

There are several systems possible for codification of materials depending on the
choice of coding symbols—alphabets, numbers, or a combination of alphabets and
numbers (alphanumeric). Two popular and fundamental systems—Brisch and
Kodak—are described here. s

Brisch System: The Brisch system is based on humbers from 0 to 9 and consists of
blocks (typically three) sepurated by decimal points. The blacks are assigned specific
classification of the materiats. The first (left most) block represents the major
classificatio: {such as raw materials, packing materials, finished materials, etc.), the
second block yepresents the next level classification (such as nature, use, quality,
characteristics, etc.).while the third block represents the lowest level classification

- (such as quality of the material, its componerits, its facial appearance, price,
availability, source of supply, marketability, frequency of use, etc.). The following
example for stationery items explains the Brisch systenf. The iniajor item stationery is
classified into four groups based on the-nature of each item and each group in yurn ic
divided into further subgroups. . : i

Item Particulars . . . , CODES -
i L e
Maln Subcode 1 Subcode 11 Full Code

Stationery - . 63 ,

Pencil : ia 0l . 63.01

Pen . 02 . ©63.02

Paper v 03 . [ 63.03

Ink T ™ . 63.04
Pencil E

Black . v . a1 . 63.01.41

Blue’ : . .. 42 ) 63.01.42

Red - ’ e . 43 63.01.43

Blue Red Lo L 44 63.01.44
Pen . : . .

Ball-point . o 51 63.02.5%

Fountain . L L 52" 63.02.52

Holder Gt . 53 63.02.53

Inkstand . . . at . L. 54 63.02.54
Paper . L .

White s .- 35 63.03.35

Brown [ERa. e Lo et 36 63.03.36

Typing o .. 38 ' 63.03.38

Duplicating . e ool P ¥ 63.03.39
Ink o 8 ' .

Blue P .. 12 63.04.12

Black S . . 14 63.04.14

Red : . . 15 63.04.15

Duplicating el L 17 63.04.17

The system proceeds in the following steps:

a) The materials to be coded are grouped together so as to form a major group. The
grouping should be accurate and unambiguous, and should not overlap. It is based
on the classification system described in the previous section. i

b) Adfter the classification or preliminary grouping, the materials are further divided
and sub-divided a3 explained earlier. The basis of these division and sub-division is
described the materials in as great detail as possible and simultaneously making
them relevant to the users.

c) The codes are assigned in three blocks separated by decimal points. Total number
of digit cduld be any as per convenience but a general figure is 7 (seven).

Kodak System: The Kodak system has been deveioped by Eastman Kodak Co. of New
York, USA and is supposed to be a very comprehensive system. It consists of 10 digits .




Kodak System: A codification system consisting of 10 digits of numeric characters.

Standardisation: Process of grouping of items to conform to widely aooeptable
representative features and characteristics.

Variety Reduction: Process of reducing a large varicty of items with close
characteristics to fewer items (through standardisation).

19.7 SELF-ASSESSMENT EXERCISES

I Review Questions
1 What are reasons for classifications, codifications, and standardisation of
materials? i e
‘What are the common classification systems?
‘What-are. thé adVantages.of codificatidn?
What are the possible disadvantages of the codification?

What are the differences bctween Brisch and Kodak systems?
How does standardisation help i in vanety reduction?

2
3
4
5 Whatite the essential réquiremetits that a coding system should satisfy?
]
7
8 What are the steps in variety reduction programme?

9

What are the roles of Indian Standard Institution (ISI)?
10 How stdridardisation would help consumerism?
Il Design Exercises

1 You are the incharge of thespurchase department of an organisation. The
department is responsible for receiving the requisition form from various
departments, processing them, selecting the supplier, determining the price,
time, and quantity of purchase. The department as usual would prepare various
reports for the management. The organisation would also be interested in
vendor development and evaluation.

You are to design a suitable coding system for identification of files of
correspondence externally as well as outside the organisation.

2 Consider the following data pertaining to a shirt company.
Sleeve length Price
. Neck Size Market region
Colour _, Sales person
Style
Material

Design a suitable coding system with appropriate selection of the coding symbols.
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UNIT 20 WASTE MANAGEMENT

bjectives
pon completion of this unit, you should be able to:
® conceptualise Waste .
® realise the scope and need for a systems’ ahprouch to waste management
® identify the multi-disciplinary character of waste management
® establish the relationship between-wastivity, productivity and resource
management .

i

realise the need for adopting a preventive policy of waste generations

devise and apply suitable means for waste reduction TR

realise the importance of devising good systems foh waste collection, recycling and
disposal o .

appreciate the necessity of introducing congept of waste in the traditional
input-output model ' ' ’

. ) AN LR EiTq)
® devise a method of cost accounting for wastes.

Structure

20.1 ?oduction

20.2 Complementarity of Waste Management and Resource Management
20.3 Taxonomy of Wastes

20.4 Definition of Wastivity: Gross and Net Wastivity
20.5 The Functional Classification of Waste Management
20.6 Outline of I-O-W (Input-Output-Waste) Model
20.7 Treatment of Wastage in Cost Accounts

20.8 Concluding Remarks

20.9 Summary

20.10 Key Words

20.11 Self-assessment Exercises

20.12 Further Readines

20.1 INTRODUCTION

‘I'he diverse and seemingly boundless developments taking place in industry bring with
them a whole new series of complexities associated with waste. From a systems’
viewpoint, waste is any unnecessary input to or any undesirable output from any
system encompassing all types of resources. Waste Management (WM) is a
multi-disciplinary activity involving engineering principles, economic, urban and
regional planning, management technignics and social sciences, to minimise the
overall wastivity of the system under consideration. A systematic approach to waste
management encompassing the waste of all kinds of resources at all stages should be
adopted. However, as the material constitutes a major fraction of the total product
cost, material wasted are of critical importance.

20.2 COMPLEMENTARITY OF WASTE MANAGEMENT
AND RESOURCE MANAGEMENT

A system basically takes some input, processes it and gives the desired output, as
shown in Figure I, i.e., some input is essential, in whatever form for the functioning of
asystem. An ideal system is conceptualised to transform the total input into uscful or
desirable output. In view of the known physical laws of nature the existence of an __




The topics covered under standards can include purcnase contracts, 1orms, samphing,
testing, safety measures, etc. Thus, standardisation can be conceived on a three
dimensional plane of levels, industries and topics. :

In the context of materials, we are already aware of use of standar‘ds for specifying the
items, especially for purchase purposes. Market grades, commercial standards,

performance specifications are the popular examples of wide range applications of
standardisation.

ndardisation enables the materials manager to achieve overall economy and
sures inter-@langeability of parts. With standardisation more than one
manufacturer can supply and this willimply better availability, bettgg price and better
delivery. Standardisation also implies routinising purchase efforts, Iess stock and
hence less obsolete items. It also means.less inspection efforts; as a matter-of fa.ct,
many organisations do'not check routine items bearing ISI marks iq a very de:gllcd
manner but résort to inspectiorn of only a small fraction of items. It is also possible to

enter into rate/running coriract with standard items. This facilitates the production
planning and‘economic lot sizing at the supplier’s end.

The process of standardisation ldgjcall_y;leads to simplification or va::igty

reduction. This implies reducing unnecessary varieties and standardising to the most
economical sizes, grades, shapes,, colours, types of parts and so on. In large )
organisations handling lakhs of item, it is quite possible that there are sever:il items
having very little variation in quality, dimension or functional effectivencess. The items
can be analysed for their frequency of usage over the past few years. Suc quency
or movement analvsis would bring out items which are seldom used or not used at all,
On the basis of this analysis, the organisation could get the standards to replace these

items. The process of standardisation and variety reduction can be summarised as
foollows:

1 Prepare the list of all items used to make the final product. The list can be inade out

of the desien blue-print in case the product design is just over but production has
not started, or trom the actual re

cord of consumption in case the productis in
? production,

Classify the items accordin,

g to their performance (or functional) and dimensionai
characteristics, .

} Group thee items with similar functional characteristics and then subgroup
according to major dimensional values. For cxample, all bushes around 5 cm dia
will be in one group while all around 3 cm dia will be in other group and so on.
For a group of items with simil
features. In case of large num
functional requirements, are

ar functional characteristics, study the dimensional
ber of items, several item with the same or similar
likely to show the dimensions clustered in a very
closed vicinity. Analyse the effect on performance of items if all items are made to
the most representative (mean or mode of the frequency distribution) value of the
limension. If the performance characteristics are within satisfactory zone, these
tems are produced of the same dimension, It may be noted that this is a very
mportant step in variety reduction. '

*heck from the national or inte
«isting equal to the most re
“evious step, If such a dim,

rnational standards if there is already a dimension
presentative dimension found after analysis in the
ension is found, the items can be deemed as
andardised. If an exact dimension is not found, select the closest dimension and
1dy again the performance of all items in the group around this dimension. If
rformance is acceptable, the item has been standardised according to national or
ernational standards, If the performance is not satisfactory, organisation will

1pt a local standard, the dimension being of the representative value.

dition to the dimensional and
ardisation concepts are e
relation to purchase, st

performance characteristics of materials,

qually meaningful for the forms, procedures, reports
ores, and even planning activities.




Benclits of Standardisation

The important benefits are summarised as follows:

1 Standardisation helps reduce inventory items,

2 Ithelpsin e\«olvingbgtter means of communication about an item in the company,
3 1t forms a base for further inventory analysis,

4 The specification of items can be more clearly spelt out, making quality control

firm, and
5 Ina developing economy like ours, where the need is to promote exports, insistence
on standards helps in creating confidence in the international market. _ . 2

By using national standards, it is easier to locate sources of supplies and in the case of
machine parts, the replacements can be obtaiited easily. It could also be used in
advertising for the products as well as spare parts. o :

Effective steps have been taken in a number of organisations.indpdia for cost
reduction in the number of stores items. The aim of standardisation should be to have
uniform standards for similar items, and the standards evolved should tajg-cognizance
of the indigenous availability of the materials.to the maximum extent possible. With
these broad national objectives in view, the Indian Standards Institution (IS1) has
developed and promoted over 13,000 standards covéring raw materials, components,

and finished products. o

.19.5 SUMMARY “

Organisations deal with a large number of materfals with varying degree of
characteristics in terms of size, shape, price. physical and chemical properties, sources
of supply, modes of handling, user departments (desiinations) accounting procedures,
etc. In addition, there are several departments of the organisation which require only
the information about the materials, €.g. design, engineering, oduction scheduling
etc. In order to mee. these complex requirements the items need to be classified
properly. The classification system is a major decision for the organisation in the sense
that once introduced it might be difficult to alter in future. The purpose of this unit has
been to expose the readers to popular classification systems.

Often, an item would require a very long description to get uniquely and adequately

identified. Using number and alphabets with appropriate meanings, the description

can be reduced to six to thirteen digits. This helps in easy retrieval of information and

data processing. Several asp& of the codification have been discussed for the

readers and users to follow a standard system or Lo enable to design own system.

Several items with similar functional and dimensional characteristics can be grouped
to a single dimension and other technical characteristics with negligible loss of
functional requirements through the standardisation. This helps in reduction of
variety of items in the stores. This concept of standardisation is well suited for
standardisation of things beyond materials such as processes, inspection, procedures,
forms, charts, reports etc. The standardisation also makes the users aware of the
performance expected from the product.

19.6 KEY WORDS

Brisch System: A codification system using numbers in blocks separated by decimal
points. Usually it consists of 7 digits. .

Classification: Grouping of items with similar attributes.

Codification: Condensing the long information with the help of few digits comprisi
alphabets and numbers. The location of digits and thei - values suggest the meaning of
the information. '




of numerical code. The basis of the major or first evel grouping 15 ource ot supply.
All materials are divided into 100 basic classifications based on purchase and
procurement considerations. For instance, a bolt is listed as hardware item if this is
listed in hardware catalogues and available with hardware suppliers. If this bolt,
however, is available only as part of the machine, it will be available under
&intcnance. Each class is divided into 10 sub-classes. For example, if class 20
represents cutting tool, then 200 represents drills, reamers, counter bars, etc. The
steps of classification can be understood by the follo: ing example:

StepI: Major (First Level) Classification (based on purchase and p ideration)
First Two Digits - Materials
Class Code Lt Jif

TR

00-20 " ' < “Raw Materials
2135 i - -'Machine and Mechanical Equipments
36-40 Echanicnl Products and Loose Tools
41-49 ectrical Products and Electrical Equipments
50-52 " aboratdryBuipments
53-68 1'1-;1‘,,'gﬁac’§is,r1 ip and Miscell Chemical Products
69-78 # Office Equipments and Other Misc. items.
79-83 ) < Furniture and Fixtures
84-87 Fuel Stock
88-93 . Semi-finished and Finished Product
94-99 o Miscellaneous
Step TI: Sub (Detailed) Classification of materials in . lass code say 53-68 (Chemicals, Equipments and
Miscell Chemical products). :
Second two Digits Materials
Sub-class code
53 Tanks
54 Pumps
55 Mixers
56 Packaging Machines
57 Plastic Materials
58 Paints
59 ) Lubricauts
60 Acids
61 Solvents
62 Phosphorus
63 Sulphur

Slepﬂ: Further Sub-classification indicating kinds in a particular sub-class of materials say 60 (acids).

Third Digit (0-9) ] Materials
Sub-sub-class code
600 Carbonic Acid
601 : Sulphuric Acid
602 Sulphurous Acid
603 g
604
605
606 Unassigned
607
608

609




gp 1V: The kind of the materials may further be divided into different types. For example 601 indicating
phuric acid may further be classified indicating the type of the sulphuric acid. For example, one
y classify the types of sulphuric acid as,

86 Type A
87 g B
88 II [ i
8 I .
%0 . NN g .
a1 ! . : F .

There is no strict pattern to be folloyved about.the number of digits and the level of the
classification. The two digit code in Step IV indicates suitably the percentage of acid
content. - SR E W -

o &
ﬁis level has two digits while the previous level had only g digit. This is possible.

[ PO .
The process of c]as.'{idﬁca!ion and sﬁb-cqus,?;ﬁqgiion may continue to accommodate
subsequent levels of variations. The code,may have some digits left unutilised for
future expansion. B example a code 601-87-XX-XXX indicates chemical product
(53-68 group) and.in that acid (60), and in that sulphuric acid (1) and in that Type
B(87). The digitx X3 XXX are left for future expansion.
g 2

Colour Coding Systems‘:‘Sometime colour codes are used to identify the items.
Common instances are, red, blue and green in an electric cable, red and green in
electric switches, and so on. Some organisation use the codes locally such as to
identify the steam, water and other pipes while there exist some national or
international colour coding system. The limited number of colours available narrows
the scope. Nevertheless, this is quite an effective system providing easy identification.

Activity C
Study the codification system of Library of Congress popularly used in libraries.

Activity D >
Devise the codification system for the domestic articles classified in Activity 1. How does it
help to organize the management ol articles for the housewife?

19.4 STANDARDISATION AND VARIETY REDUCTION

A standard is defined as a model or general agreement of a rule established by
authority, consensus, or custom, created and used by various levels of interest. For
Pance, an individual may be the starting point of using standard and then his
epartment will use the same standard to suit its needs. The firm may similarly
- prepare, by consulting different departments, a standard for guiding the activities.
Related industries in the industry group may also prepare industrial standards. At the
national level, by consulting manufacturers, scientists users and government
departments, national standards are evolved. Such ng‘;mal standards lead to the
evolution of international standards. The standards couid cover a variety of industries,
such as engineering, textile, chemical, pharmaceutical, agriculIural as also education.




1 ; '
@gipal system 1s not possible, i.e., 100 per cent utilisation of resources is not practically

sible for any system. To paraphrase, some waste is inevitable in the functioning of
any system.

Figure I: Input—Processing—Qutput System
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ﬁe main objective of WM is to minimise the waste thus aiming at the ideal system,
while the resource management aims to maximise the utilisation of thavesources. The
goal of waste and resource ma§gement is same, i.e., optimal utilisation of the
available resources for higher efficiency and growth of the system; but the approaches

are different. The relationship of waste and resource management is shown in
Figure I1. .

Figure [z C ¥ Relationshipd of Waste Mi { arid Resource M nagen

RESOURCE

luniLizeo WASTED

RESOURCE
MANAGEMENT —
TO MAXIMIZE
UTILIZATION TO MINIMIZE
| — WASTE

.

UTILIZAT ION
Ean be said that waste and resource management are complementary to each other.
If one is primal formulation of a problem, the other is a dual. Both &ipproaches have .
their advantages and limitations. Depending upon the situations, the constraints and
primary and secondary objectives, resource management techniques prove to be

promising in some cases, while in others WM offers an added advantage.
21




22 Less emphasis on PPC function

23 Inadequate supervision and control
24 Improper recruitment and lack of training

25 Lack of motivation and incentives

26 Unhygienic work environment

27 Insufficient skill and use of unsafe practices

28 Poor labour relations o

29 Frequent-power failures

30 Poor maintenance

31 Less emphasis o.. quality control

32 Poor distribution network .-

33 Less cmphasis on collection and segregation of waste
34 Technological obsolescence. .
35 Miscellancous causes.

Accurate informationon waste generation rates and composition provides 2 basis for
the design and operation of various waste control programmes, recyclingand -
processing plants, waste disposal projects, and the choice of most effective disposal
alternative. The problems inobtaining the information on this aspect are complex and
involve following factors:

& Various establishments may differ widely in their waste generating practices.

e Most firms are reluctant to reveal production and related statistics for fear of the
data being used to the competitive advantage of others.

Generally, the firms are reluctant to provide information on quantity and
composition of waste for fear of it indicating non-compliance with pollution-control
regulations.

-

The quantum of waste generated reflects the inefficiency of the organisation.

Some induml activities are subject to seasonal variations.

® The extent of salvaging fiZycling or other reclamation of wastes differ greatly
among manufacturers. :

® Many firms themselves have little understanding of, and few records on this aspect:

A Systematic Approach to Waste Reduction
A systematic approach to minimise the total system waste minimising the waste at

individual stages in conjunction with otlier stages has been proposed in Figure V.




Figure V: Stage Wise Waste erm‘tiun: A Systematic Approach.
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It provides a scientific and systematic method for waste reduction at individual stages
and finally for the whole system. The procedure for approaching from whole to part,
_and, then, from part to whole is proposed. The basic steps of the approach are as
follows:
i) Recognise the waste for whole system.
i) Identify the stages at which waste is caused/genérated.
iii) Visualise the whole waste into fractions caused at various stages as identified in
step (ii).
iv) Apply the systematic waste reduction procedure at each stage separately, i.e.,
® recognise the waste,
* identify the cause,
® plan corrective action,
® climinate the cause.
v) Find the correlation of various stages to assess the effect on waste generation at
one stage due to waste reduction at other stages. )
¢ If there is no such correlation, then establish controls separately at each stage
to prevent recurrence of the cause of waste generation. ‘
® If such correlations exist and waste is caused, then find the stages affected.
vi) Try to obtain a break-even of wastes at the related stages so as to minimise the *
total aggregate waste at all the stages.
vii) Establish controls to prevent recurrence of the cause of waste generation.




Wastiv ity and Productivity

A T M
:\ ;:;C[-?n mdu'cctl){ serve as a good measure of productivity. “Prod@ggvity of any
p{oductia‘s( been defined as the ratio of the desired output to input™. Mast of the
vity measures at present compare the total output to individual inputs, viz.

labour, material, ener, i i

s 5 gy, capital etc., while they usually fail to dire

. . . ’ t
fraction of a particular input that goes into output. Y ety compare he

::;nc]::aatlen;w‘concept of ‘Wa_istivity’ had been propounded, which can serve as an
q easure of performance of any system and is rather easy to measure.

Let I, be the wastivity index of ;
r I rth resource and W, be the relative weight
upon a nu.mber of tangible and intangible factors) of rth resource, lhcr% vge (depends
| 2
Composite Wastivity Index = 2 W, I
r=1

gr niypzs of resourcesE
.o
Where, L W =1

It will be vel i o .

resuuree fg:f,z;:;‘g:;[:e:ozéaww the waste as well as input for each type of
We have, !

[=0+W

Dividing both sides by I, we have

1 _ 0 w
1 I I .
or 1 = Productivity + Wastivity

or Productivity = 1—Wastivity

The Wastivity for each type of input thus indirectly assesses the productivity for each
type of input. Both productivity and wastivity are complementary to each other,
which bears in it the inherent cause effect phenomenon. If the cause, i.e. wastivity is
checked, the effect, i.¢. productivity, will automatically be improved.

20.5 THE FUNCTIONAL CLASSIFICATION
OF WASTE MANAGEMENT

The problems associated with the management of wastes in today’s socicty are
complex and diverse in nature. For an effective and orderly management of wastes the
fundamental aspects and relationships must be identified and clearly understood. The
efficient WM comprises of the quick identification of the waste generaied/consed,
economic reduction, efficient collection and handling, optimal reuse and recycling,
and effective disposal of waste leaving no environmental problems. WM can thus be
functionally classified into five basic elements, viz., generation, reduction, collection,
recycling and disposzt. However, WM should be viewed in totality considering the
inter-relationship of basic functional elements/system as shown in Figure IV. One of
the objectives of WM is to optimise these basic functional systems to provide the most
efficient and economic solution, commensurate with the constraints imposed. By
considering each element separately it is possible to:

'y identify the fundamental aspects and relationships involved in each element.




~n) develop, wherever possible, quantifiable relationships for the purpose of making
engineering comparisons, analysis and evaluation.
Figure IV: Fiinctional Elements of Waste Management
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gneration of Waste

There may be numerous causes responsible for the generation of waste in different
systems. However, some general causes of waste generation at different stages have

been perceived. The check list of causes of waste generation is shown in Table 1 out of
PPRiCh some causes may be critical. It it is possible to account for the amount of waste

generated against respective causes, then the most critical cause will be one that
contributes to the highest aggregate cost of waste.

able 1
Checklist of Cuuses of Generation

! !nc[fmivc policies

2 Lack of Planning
3 Political pressures
4 Defeciive organisational structure
5 More emphasis on sub-system objectives rather than organisational goals
6 Poor management
7 Faalty systems and procedures
8 Personal interests
9 Carelessncss and neglect
10 Lack of individual responsibility
11 Non-acquai with latest technological development
12 Resi to adopt ion and computerisation
13 Wrongly laid-down design standards
14 Lack of standardisation and codification
15 Wrong choice of raw material
16 Ignorance of inventory control
17 Inappropriate storage facilities
18 Poor handling of materials
19 Poor layout of facilities”
20 Information delay
21 Improper work methods




20.3 TAXONOMY OFWASTE

[EEB:k of coordinated work in the field of WM has given rise to multiplicity of terms and
definitions of various types of wastes. The need for standardisation of the
nomenclature has been felt for systematic research and effective implementation of
WM programmes. Wastes can be classified in a variety of ways depending upon tl_igﬁ
purpose for which classification is done. There could be four basic classifications as
follows: .
Figure I1I; Resource Based‘t_'lussinalmn 01 yvastes.
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o :
a) On the basis of the resource wasted: Various types of resources are wasted at
various stages in the system. Taking the resource as a basis the classification of waste
is shown in Figure III.

11
b) On the basis of source of origin:‘The g.lrce of origin may serve as an efficient and
practical way of classifying waste, e.g., '
i) Agriculture
ii) Industrial
iii) Municipal
‘iv) Residential or domestic
v) Commercial
vi) EHfice
vii) Construction and demolition etc.
¢) On the basis of property: This classification is meant for material wastes only;
depending upon the property that effects the environment, waste may be of two types:
i) Hazardous
ii) Non-hazardous

d) On the basis of recoverability: As per the characteristic of resource the waste. may
ha-




1) gevernbte: The waste that can be converted into some useful resource, e.g.
material waste, ew waste reused in other processes, etc. ’
ii) No“ri-"rwogable: This includes the resources that are lost with time and cannot be '

regained afterwards, e.g. manpower, energy, capacity, services, etc.
LUR Ot [ S 18 . -

20.4 %EFINITION OF WASTIVITY: GROSS AND NET
WASTIVITY ‘ : ,

Most of the productivity measures at present compare the total output to individual
inputs, viz., material, energy, manpower, capital, etc., while they usually fail to
directly compare the fraction of a particular input that goes into output. Further, it is
difficult to measure the output of . arious individual inputs invested in various finished
products, whereas it is comparatively easizr to assess the waste of various inputs,

qnce a new concept of “Wastivity” has been propounded, that canserveasan "
a

equate measure of performance of any system, and is ragher easy to measure.
“Wastivity of any system is defined as the ratio of the wast’we‘ﬂ;?iﬁput".
Waste (W)

Wastivity = ————8H— -
Input (I)

Depending upon the level of waste under consideration the wastivity may be """
categorised as gross wastivity, and net wastivity,

€ gross wastivity is defined as the ratio of total waste generated by 4 particular
System to the total input to that system”. ’

» Net waste generated
Gross wastivity =

Total input

However, a fraction of total waste generated is intermediate to the system and gets
recycled. Thus the net waste to be disposed off or reused in other systems is less than
the gross waste generated.

Net waste = Total waste generated— Waste recycled within the system

“The ratio of the net waste to be disposed of to the total input to the system is termed
as net wastivity”. The net wastivity will be dependent on the extent of recycling.

Net waste generated

Net wastivity = Total input

Wastivity as a Performance Measure

An ideal or perfect system will be one that consumes just the right amount of
resources, leaving no idle, unutilised (nonrecoverable) or lost resource, or any
undesirable output. The presently known laws of nature obviate the existence of any
such idea system, indicating that the occurrence of waste is inevitable. The concept of
“Wastivity” which is yet in the rudimentary stages may prove to be a good measure of
performance, both at macro and micro levels, and will be helpfiil in the sound
planning and monitoring of various systems at different levels of hierarchy.




_ Towards Zero Waste

i 12 Waste Management systems for individual organisations, sectors as well as the
whole economy should be designed to fulfil the goal of zero. waste. Zero waste should
be misinterpreted as if no waste is generated. Such an interpretation willbe "
+.ther feasible nor iustified. As some waste is inevitable with the function of any .
». iem, a 100% efficient system is only hypothetical. Further, such a system will be
(losed and will have a zero growth rate which is not desirable. The main theme of the
;+‘ulosophy of zero waste is to first of all try to minimise the waste generated as far as it
- technologically and economically feasible; and whatsoever little waste is generated
suould be put to some effective use. ‘

The goal of zero waste should be visualised from systems point of view, i.¢. to have
zero waste of all types of resources sitriultaneously. Otherwise, it may be futile to-aim
rowards zero waste for one type of resource if it cause the waste of another type of
resource.

v/aste Collection Systeifis -

Waste collection has got 4a,‘,‘s.;;g\,uif‘i‘c:ant effect on subsequent functional elements, public
health, aesthetics, housekeeping and public attitudes concerning the operation of the
system. As collection and transportation constitute a major cost in waste treatment
(up to 80 per cent), streamlining of collection techniques can greatly improve the
cificiency, and effect a significant saving in the overall cost of WM. This will be
beneficial in-two ways, viz., reduced disposal efforts and advantages of resource
recovery by effective recycling of waste. !

The proposed strategies for waste collection are:
i) Design of economic basis to facilitate separation at source.

ii) To provide every organisation with a set of four standard bins to separately collect
the metallic, plastic, paper and other miscellancous waste, the bins should be
designed after careful investigation of the types and quantum of waste generated.

iii) Design of appropriate collection system governed by public or private agencies to
regularly collect the segregated waste at time intervals depending upon the
generation rate.

iv) Incentives to encourage segregation of the waste at source.

v) Timely collection of scrapped organisations’ appliances alongwith segregated
waste, and its flow through salvage industry for ultimate reuse.

vi) Development of appropriate collection systems for the collection of miscellaneous
organic and inorganic waste.

Recycling of Wastes

In the absence of conservation or recycling, certain of the World's finite resources will
diminish to a level incapable of maintaining an acceptable environment and adequate
life support. Fortunately, in India, there isa growing awareness to recycle/reuse the
waste. The National Committee on Science and Technology (NCST) has identified a
number of recycling projects. :

The terms recycling, reuse, reclamation and recovery have different interpretations,
though these terms are generally used as synonyms. In this study the term recycling is
adopted to mean all these terms. ‘

Recycling generally refers to the use of undesirable outputs or wastes as input to the
same process or system, e.g., recycling of foundry scrap. Reuse may be termed as the
use of waste generated from ene process/system as input to some other process/system
as a raw material, or for the generation of power or by-products.




The conversion of damaged, rejected and undesirable outputs into the desirable
outputs by repair or processing is termed as 1eclamation. The term recovery is utilised -
to denote the gain of resources from the wastes.

Waste Disposal Systems

This element links the waste management systcm with environment and other
systems, and has got a significant impact on the same.‘_The adoption of poor disposal
practices have resulted in severe environmental pollution in different parts of the
world, particularly in the big industrial centres and hive posed serious threat to
human lifé. Some of the developed countries have taken the problem on war-footing
and have started developing and adopting latest technology in this regard. In India the
awareness has grown recently and the design .f effective waste, disposal systems has
become a challenging problem area. From disposal viewpoint wastes may be
categorised into: (LS EIA TSP
i) Salvable waste, and ' S
ii) Non-salvable waste.

The wastes that have got some salvage value are termed as Sa-'lﬁf‘}’l‘c waste. The scrap,
rejected goods, surplus/obsolete items and equipments etc. fall under this category.
The well designed disposal system for salvable wastes may b?o%ia"e’ best return to the
organisation, contribute to cost reduction and higher profit and ald to material

conservation.
RS

Wastes which do not have any salvage value, but need further processing and
treatment for disposal are termed as non-salvable waste. The non-salvable wastes are
primarily responsible environmental hazards. Proper management of salvable wastes
may amount to resource recovery and reduced environment and other social costs.

a) Guidelines For Disposal of Salvable Wastes: The salvable waste, e.g. scrap,
surplus/obsolete stores and equipment, unserviceable appliances and machinery,
abandoned vehicle etc. is generated in almost all sorts of manufacturing and service
establishments. No particular attention has been paid in most of the organisations fer
the disposal of salvable wastes. The most common practice is to dispose the
scrap/surplus through auctioning. No systematic procédures have been developed in
this regard. Another mode of disposal adopted is to salvage the scrap through
specialised agencies. The traditional “Kabaris™ or Junkmen are performing this work.
Directorate General of Supplies and Disposals (DGS & D) is playing a vital role in
public disposals. It disposes the stores worth 50 crores of Rupees approximately,
every year for various Government Departments. A special Surplus Disposal
Committee was set up for analysing the large quantities of accumulated surplus. The
Committee in consultation with Metal Scrap Trade Corporation and MMTC has
suggested some procedures for the manner of disposal and the market analysﬂs of the
huge ferrous and non-ferrous scrap in the country.

The procedures for the disposal of different types of salvable waste vary from situation
cw sicuation. Some broad guidelines have been suggested to aid the design of systems
and procedures for disposal in individual cases:

i)  Firstof all the feasibility of recycling should be analysed to dispose the scrap.

ii)  Try to use the scrap for producing by-products.

iii) Try to transfer the surplus from one department to another or to mher plants in
case of multi-plant organisation.

- iv)  Analyse the feasibility to sell the scrap as raw material to other plants.

v)  Tosell the scrap/surplus to external export agencies dealing with it.

vi) Selling of scrap through advertisement and auctioning. The frequency of
auctioning should be decided after analysing the generation rates and by
obtaining a break-even between the scrap/surplus carrying cost and auctioning
cost.

vii) Selling the surplus in open market, or to the emplovees itself, particularly in case




- of consumer goods. If the product is not meeting the quality requirement, then
classify it as seconds and give a discount. This may act as an mcenhve to
employees.

viii) To consult the vendor and return the surplus to vendor.
ix) To sell surplus/obsolete equipment through advertisement and invite the offers
from other parties.
x)  Incaseof damaged equipments try to sell after the parts after classifying into
good serviceable, repairable or reclaimable, and scrap.
xi) To donate the rejected material to charitable oiganisations to gain
socio-economic respect. .
——— i
b) Processing and Disposal Techniques for Non-salvable Waste: Processing techniques
are used in solid wastc management system to improve the efficiency of operations;
i.e., toyesluce storage requirements, facilitate disposal to recover resources,
conversion ;foducls and energy,'dnd to minimise environmental effects. Disposal is
the ‘no altematwe'\p‘gtwn and the ultimate fate of all wastes that are of no further
value. Various akgmanve processmgfdmposal techniques have been briefly discussed
as follows: B

Mechanical Processing: The mechanical processing of the waste is done to reduce its
volume and size for ez ‘easy hand!tng and disposal and to recover valuable materials by
separation.

iy Compaction: This technique reduces the volume of the waste by mechanical
- gompaction.

ll)f”mngf This is also a mechanical volume reduction method whiclruses—
specialised compaction equipment to produce solid wastes in block or bales of
various sizes. This offers the advantage of less landfill requirements, land
reclamation, less leachate production, neat and clean operation of land filling,

. easy transportation saving in cost of covering material etc.
iii)  Shredding: This refers to the mechanical size reduction of wastes by pulverising.
e volume is reduced up to 50% and a homogeneous mass is obtained which is

ré{atively odourless, unattractive to flies and vermins, and is relatively
not\g;mbustable leading to easier disposal. Milled refuse can be disposed of at

locations close to residential areas.

iv) Compunent Separation: Component separation is a necessary operatmn in the
recovery of resources from solid wastes both manual and mechanical inethod can
be used. The separation may be done at the source or centralised separation may
be adopted,

Thermal Processing: Thermal processing of wastes result in volume reduction,
generation of energy and by-products. The overall heat contents of solid wastes
including moisture and ash etc. is approximately 10.5 million BTU/Ton, which is most
ncarly comparable to thal of low rank lignites.

A Incineration: High temperature oxid&tion of the organic and toxic compounds

present in gaseous wastes is employed to destroy the offensive effluents and

) odours by converting them into harmless gases, i.e. O, and waste vapour. {

ii)  Pyrolysis: The pyrolysis of solid wastes strictly refers to-the destructive
distillation of the thermal'decomposition of the wastes in an inert atmosphere.

Bio-Processing: For agriculture based economy like India bio-processing is becoming

an important research field to produce fertilisers, alternative fuels and feeds etc. Some

bio-processing methods a1 composting, fermentation, hydrolysis etc.

Composting: Composting of solid wastes may be defined as the bio-chemical

stabilisation of these organic materials to a humans like substance through

scientifically producing and controlling an optimum environment for the process.

There is vast potential for composting as a disposal process in India. It has been used
from link time in rural area, but there is a néed to make the people aware of its
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benefits and rigorous organised efforts should be made. . It

Ultimate Disposal: Ultimately something must be dene to solid wastes that are of no‘ "
use and are left after recycling, processing etc. The major options available-are the
disposal on or in the earth’s mantle (e.g. land filling) and disposal at the bottom of lhe
ocean. . T

Sanitary land-filling: Sanitary landfills have been proc]aiméd as the low cost, safe way
of disposing of municipal refuse. Rain water and surface run off water percolates
through the landfills and the resulting leachate has a high concentration of organic A
wastes and harmful salts. Also, the evolution of methane gas from the reiuse can

¢re e fire and explosion hazards.

c) Design of Effective Waste Disposal System: The design of effective waste dlsposal
system is an important aspect of waste manapement. The system should be designed
to promote the maximum possible recycling/reuse of wastes, and for minimum
environmental hazard§ The flow diagram of waste disposal system has been shown in
Figure VI.

First of all the technical economic and social feasibilities of recycling/reuse should be
analysed and attempts should be made to recycle the waste as it is without any
processing. If the residue left after optimal recycling reuse is disposed as it is, then the
mode of disposal should be selected; otherwise various processing techniques should
be ‘evaluated by considering various social and economic factors. Both the source as
well as centralised processing methods should be selected properly. Finally. plans
should be prepared for the ultimate disposal.




Various factors that should be considered in the design of waste disposal system are:
i)  The public attitudes :
ii).  The regional and national policies
iii) The-economic considerations

iv)  Land availability

v)  Equipment requirements

vi) Ground water protection

vii) Environnient control

viii) Fire prevention

ix) Litter control

x) ' Operation plans

xi) Employer facilities

xii) Equipment maintenance

xiii) Operational records

20.6 OUTLINE OF I-O-W (INPUT-OUTPUT-WASTE)
MODEL

i b gl

ir PRI e RSy

It has been visualised that it is possible to take waste as an explicit parameter and the
existing input-output model can be modified to incorporate WM constraints. To
provide a closer representation of real life system it is proposed o remodel them in
the framework of an I-O-W (Input-Output-Waste) model. The proposed model will
be able to define the resource balance more realistically by incorporating the ~ "
reduction; recycling, abatement, disposal and related functions of WM. The I-O-W
physical system defines the resource constrained for every viable system as the
balancing of inputs to the sum of outputs and wastes for each type of resource:

Input = Qutput + Waste

Basic Framework: The basic framework of I-O-W model defines I-O-W flow matrix,
1-O-W coefficient matrix and consistency equations. The I-O-W flow matrix consis*

of a set of conventional intermediate demand or resource flow matrix extended 1o
include WM sectors final demand matrix plus added waste flow matrix. An aggregated
I-O-W matrix is shown in Table 2.

Table 2
1-0-W Flow Matrix

ﬁrmdhum‘n Resource flow Final demand matrix Total output
matrix

Input of resources Total final demand
Waste flow matrix Total waste
Total input=Resource inputs + Recycled Wastes

The I-O-W coefficient matrix consists of technological coefficient matrix, final
demand coefficient matrix and WM coefficient matrix partitionc! for intermediate
and primary inputs, and intermediate and final wastes as shown 1. I'able 3.




Table 3
1-0-W CoefTicient Matrix

‘Consuming Sectors B
N _Technological coefficient  Final demand
- TR T matrix A coefficient matrix .
o (intermediate lnput T .
= — _coefficient)
- = T - .. Prirmary input " Primary inputto
— =" coéfficient Final demand -
WM Coefficient Matrix  Final Waste Coefficint !
Intermediate Waste ", .
. “Coefficient \ ,
i edim ) o \ }
\ \

The model may be geri Yalised for ‘n produr}\on sectors and ‘m’ WM sectors. The
source of primary inputs'ate aggregated as trade, habitat and nature, whereas the final
demand is clubbed into domestic consumption trade and change of stocks. The
inter-sectoral waste flow istreated as [ rmediate waste, while final wastes include
waste recycled in habitat by changing life styles, waste disposed of hyu'adc and the
wastes ultimately disposed of to nature.

20.7 TREATMENT OF WASTAGE IN COST ACCOUNTS
—

_————'-”

Itis reglistictefxpec[ that all malerials put into process will not end up as good
saleable product. Some loss, scrap and wastage in inevitable in process industries.
s¢ tosses must be computed in advance before the processing operation begins.
rocess loss can be divided into two categories; (i) Normal loss, (i) Abnormal loss.
NormalToss is the loss which is unavoidable, uncontrollable and expected in normal
conditions. It may be inherent in the manufacturing process. If the lcg inevitable.
i.e. unavoidable and within the limit, it is called normal process loss. Abnormal
process loss is controllable and generally caused by abnormal or unexpected
conditions, such as bad designing, poor materials, accident and negligence, etc.

The treatment of normal and abnormal losses differ in inprocess accounts. Normal
losses are absorbed by good production. Assume, forexample, that 25,000 units of a
mixtures were put into process and that during processing 5,000 units were lost
through evaporation. This is an unavoidable loss. If the total cost'recorded was

Rs. 25,000 the remaining 20,000 units would be assigned a unit cost of Rs. 1.25

Cost of production _Rs.25,000
No. of units completed TRs20000 °

=1.25

Abnormal losses are valued as good units. The unit cost which is used to value good
units is also applied for the valuation of abnormal loss units. The cost of abnormal loss
units computed in this manner is transferred to a separate abnormal loss account and .
credited to the relevant process account. Subsequently, this loss is transferred to the
costing profit and 10ss account and the abnormalloss account is thus closed.

The following procedure will help in the preparation of prucess cost accounts that do
not present any difficulty:




1’ Normal loss should be computed on the basis of information given in the question,

2-The cost per unit of productlon after making into account normal loss units, shpuld
) q:lele,rmmcd assuming that abnormal loss does not exist. The cost per unit is
calculated on the basis of the following information: _-
a) Normal production, i.e., inputs (units) minus normal loss units.
b) Normal cost of production, i.e., alf costsincurred (appearing on the debit side of
**  aprocess account) mmusp?ﬁée‘e?f&gy)fcahsed from the sale of normal loss
units, -

Normal cast of production divided bymiormal production will give the cost per unit of
output. S

3 The cost per unit determinied-as above is used to value abnormal loss units and that
. would be the cost of abnormal loss.

4 The abnormal loss account is debited and the relevant process credited with the
amount and quantity of abnormal loss as calculated jp, (3). ﬂqgﬁ,, o

5 The cost per unit as obtained in.(3) will also be applied toshtme the cost of )
good production units produced by the process. i

6 The proceeds realised from the sale of normal Iossrepresentmg scrap (1f anyyis
transferred to the relevant process account. :

7 The proceeds realised from the sale.ofabnormal loss repmscntmg scrapis - -i.-

transferred to a separate abnormal loss account and not to the relevant procEsst . ﬂ. .
account,

8 w abnormal loss accoust is closed by transferring the total cost of ‘abnormal loss
units to the costing profit and loss account if there is no scrap. In case abnormal loss

-rcsents scrap, only the net amount (total.cost of abnormal loss units minus scrap}
will be transferred to the costing prof' t and loss account.—

20.8 CONCLUDING REMARKS

The problem of Waste Management should be visualised in a broader perspective and
an organised systems’ approach to Waste Managemcnt should be adopted. Itis~
unfortunate that despite the cruciality of Waste Management in socio-economic
resource structure in its ecological and envirorfnental compatibility, it has been
ignored most of the time. There is a need to standardise-the taxonomy of the; astes
and to cntlr.ally analyse the functional elementsof waste management. Waste
management is a dynamically emerging field with vast scope. Though awareness in
this field is growing slowly, if proper attention is paid, it may rapidly gain momentum.

20.9 SUMMARY

;

. ;o ;
In this unit we have proposed a new enlarged concept of waste and wastivity. The best
way of waste management is not to generate waste at all, viz. a preventive policy of
waste generation is-advocated. We have establishéd the close relationship between °
wastivity, productivity and resource management. A seven step systematic approach
has been given for waste reduction. Guidelines for waste collection, recycling and
disposal have been discussed. Some processing and disposal systems have also been = |
overviewed. A brief outline of an input-output waste model has been given. It is
difficult to accurately account for all wastages. Yet another procedure has been
suggested that will help in the preparation of appropriate cost accounts.




20.10 KEY WORDS

Gross Wastivity: Ratio to total waste generated to total input.

Incineration: High temperature oxidation of the organic and toxic compounds present
in gaseous wastes that is employed to destroy the offensive effluents and odours by
conversion into harmless gases.

Productivity: Ratio of output to input.

Pyrolysis: Destructive distillation or the thermal decomposition of solid ,wasteg,in an
inert atmosphere. ’

-

Waste: Any unnecessary input to or any undesirable output from any system
encompassing 4ll types of resourees.

Waste Management: A multi-disciplinary activity involving engineering principles,
etbnomic, urban and regienal plgnning, management techniques and social sciences.

Wastivity: Ratio of waste toinput.
’ bl

20.11 SELF-ASSESSMENT EXERCISES

"1 Explain how the system concept can be used in explaining the terms waste and
waste management. . ) :
2 “Waste Management’ is complementary to ‘Resource Management’. Critically
‘comment.
3 Differentiate between wastivity and productivity and explain wt_wther reducing
wastivity and increasing productivity imply one and the same thing.
4 Why are the basic waste generation stages in a production system? Explain with the
help of an example. .
5 Explain how would you proceed in designing a waste disposal system fora
ufacturing enterprise.
6 Write short notes on:
a) Systematic waste reduction procedure
b) Wastivity Indices
7 Write short notes on: ™
a) Identification of waste ’ B
b) Taxonomy of wastes )
8 Briefly explain what vou understand by the term I-O-W (Input-Output-Waste}
model.

9 Devise a method of cost accounting for wastes.
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