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INTRODUCTION

Production and Operations Management originated at the time of the Industria
Revolution. However, it gained importanceinthe late 1950s when scholarsredized
the need to analyse production operationsasasysteminitsown right. Inrecent times,
production and operations management, popularly referred to asPOM, has become
animportant subject of study. To alayman, POM can be explained asthe planning,
coordination and control of the resources of an organization in amanner that will
facilitate the production process. In simple words, POM is concerned with the
transformation of production and operational inputsinto outputsthat will meet the
requirements of consumers, when distributed. It isalso an area of businessthat is
concerned with the production of quality goodsand services. Among other things, it
ensuresthat all businessfunctionssuchas production, design and product performance
operate smoothly inamanner that isnot only efficient but aso effective.

Operations management concernsitself with the production of quality goods
and services, and ensuresthat businessoperationssuch as production function, design
and product performance are executed efficiently. Production and operations
management hastremendous potential and isgradually gaining alot of prominence
amongst all functiona areas of management, irrespective of the size of the business.
Firmsgain anedgein numerousways, for ingtance intermsof better quality products,
reduced wastes, moreinventory turns, better product designs, greater flexibility, etc.,
to nameafew.

Thisbook, Production and Operations Management, hasbeenwritten keeping
inview therequirements of management students of distance learning programmes.
Thebook has several distinctive featuresand chief among them are asfollows:

e Detalled coverage of the course materia
e Segregating subject matter into easy-to-understand units
e Clear explanation of conceptsalong withillustrative examples
Thetext followsthe SIM or sdf-instructional modeformat whereineach Unit
beginswithan I ntroduction to thetopic of the unit, followed by an outline of the Unit
Objectives. Thetext is presented inasimpleyet structured manner embedded with
Key Terms and ‘ Check Your Progress questionsto test the understanding of the

students. A Summary and aset of Questionsand Exercisesare also provided at the
end of eachunit for effective recapitulation.

Introduction

NOTES
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UNIT 1 INTRODUCTION TO
PRODUCTION AND
OPERATION FUNCTIONS

Sructure

1.0 Introduction
1.1 Unit Objectives
1.2 Functions of Production Management
121 The Production Process
122 Objectives and Scope of Production Management
123 Production: Rdationship with Other Functions
1.3 Types of Production or Manufacturing Systems
1.4 Industrial Engineering, Manufacturing Engineering and Operations Research
14.1 The Toyota Production System
14.2 Operation Standards
14.3 Indugtrial Engineering
144 Functionsof Industrial Engineers
145 Techniquesof Industrial Engineering
1.5 Automationin Production
1.6 Summary
1.7 Answers to ‘Check Your Progress
1.8 Questions and Exercises

1.0 INTRODUCTION

The process of production/operations management is aimed at combining and
transforming different assets used in the production/operations subsystem of the
organization into value added product/services, in asynchronized way according to
the rulesand regulations of the organization. Hence, it isthat part of an organization,
whichisassocdiated with the conversion of avariety of inputsinto therequisite (products
sarvices) having thenecessary quality levels.

The combination of interconnected management actions, whichareinvolvedin
manufacturing specificgoods, isknown asproduction management. If thesametheory

isstretched to services management, thenthe equivaent set of management activities
areknown as operations management.

1.1 UNIT OBJECTIVES

After going throughthisunit, you will be ableto:
¢ Definethefunctionsof production management
¢ Classify thetypesof production or manufacturing systems

¢ Explainthesgnificance of industrid engineering, manufacturing engineering and
operationsresearch

¢ Discussautomationinproduction

Introduction to
Productionand
Operation Functions

NOTES
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Operations M anagement:
The management of all
activities directly related to
the production of goods and
services
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1.2 FUNCTIONS OF PRODUCTION MANAGEMENT

TheAssociation of Operations Management (APICS) defines operations management
as, ‘ Thefield of study that focusses on the effective planning, scheduling, use and
control of amanufacturing or serviceorganizationsthrough the study of conceptsfrom
design engineering, industrial engineering, M1S, quality management, production
management, industria management and other functionsasthey affect the operations .

According to Sherin Siegel and Joel G. Siegel, production and operations
management ‘isthemanagement of all activitiesdirectly related to the production of
goodsand services . It may be remembered that goods are produced and services
arerendered.

Intheearly days, production involved the processesfollowed inmass production
and it produced tangible goods. Asthe complexities of businessgrew, management of
the systemsresponsiblefor production becameessentiad. Then servicesalso beganto
be‘produced’ or rendered. Thesewereintangible. So, some principleswere needed
that could encompassthe entire syssemthat produced agood or delivered aservice.
It wasfound that the same principles could be effectively gpplied inthe management of
processesthat wereinvolved inthe making of ‘ goods aswell asrendering ‘services .
Thisiswhat ismeant by production and operations management (POM).

POM usesthe decison-making toolsof operationsresearchand the principles
of industrial engineering, quantitative techniques, shop-floor control, organizationa
behaviour, safety management, maintenance management, etc. Thus, wecan say that
POM dedswith the concepts and principles employed by organizationsto makethem
efficient and effective.

1.2.1 The Production Process

The production and operations of goodsand servicesinvolvethe conversion of input
into output through atransformation processasshownin Figure 1.1.

Transformation

In
put Process

Output

\ 4

\ 4

Fig. 1.1 Conversion of Input into Output

1. Input: Thisincludesthe six Ms, i.e., man, machine, materias, money, method
and management.

2. Trangformation process: Thisisthe process by whichtheinputsare converted
into output. It isavalue-addition processthat modifies or addsvalueto the
input and convertsit into aformthat ismore useful and sold to acustomer. This
value addition can be donein any of thefollowing ways.



(i) Alteration: Thisincludesall the activities such aschangeinthe physica
state of input, changing dimensions, adding chemicals, heating, rolling,
gavanizing, etc. Themethods of transformation are numerousand thereis
onedistinct method for every available product inthe market.

(ii) Trangportation: Thisrefersto thephysical movement of goodsfromone
placeto another. Some firms such astraders specialize in buying goods
fromone place (usualy the place of manufacture) and transporting them
to alocation where they can be sold.

(iif) Storage: Thisrefersto preserving the goodsin a protected environment
So that these can be made available at a later date, for example, food
grains. Thisisalso akind of transformation process.

Vaue addition canaso be doneby inspection or transportation companies,
book publishers, etc. There areasmany processes asthereare products.
The processfor every product is unique.

In short, any process that adds value to a product is part of the
trandformation process.

(iv) Output: Output can be in the form of either goods or services, or a
combination of both. Themgjor differences betweengoodsand services
arelistedinTable 1.1.

Table 1.1 Major Differences between Goods and Services

Goods

Services

Goods are tangible; they have physical
parameters.

Services are intangible. They are
just ideas, concepts or information.

Goods can be produced, stored and
transported according to demand since
the value is stored in the product.

Services cannot be produced
beforehand, stored or transported.
Vaueis conveyed as used.

They are produced in a factory
environment, usualy away from the
customer.

Services are produced in a market
environment in collaboration with
the customer.

Goods are mainly standardized.

Services are often customized.

Quality isinherent in the product.

Quality is inherent in the process

since it isafunction of people.

Asthecomplexitiesof organizationsgrew, it wasfound that merely converting
input to output was not enough. Feedback fromthe output stage was necessary to
adjust thechangesrequired ininput or the transformation process. So, production
control wasdoneto take careof fluctuationininputs if any. The qudity of the produced
output wasnow congantly compared to the quality of thedesired output and feedback
mechanismswere put in place to monitor performance of thetransformation process.

Subsequently, some random disturbances were found to be hampering the
transformation process. These random disturbances are unexpected and sometimes
unplanned; they occur due to the external environment and can bein the form of
strikes, government interference, recession etc. In effect, the cycle of production and
operations management can be represented asshownin Figure. 1.2.

Introduction to
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Operation Functions

NOTES

Self-Instructional Material 5



Introduction to
Productionand
Operation Functions

NOTES

6 Sdf-Instructional Material

Random
Disturbances
Input ~ / Transformation \ ~ Output
~ Process ~

Fig. 1.2 The Cycle of Production and Operations Management

1.2.2 Objectives and Scope of Production M anagement

Objectives of production and operations management

Every organization sartswith agoal and mission and then chalks out the activitiesto
achievethesegods All theactivities, primarily thosefor converting inputsinto required
outputs, are planned accordingly. The common objectives of any kind of organization

ael

1. Customer satisfaction

Customer satigfactionisvita to thesurvival of an organization. Theorganization
researches the expectations of the customer or service to be rendered and
decidesonthe product. An organization can survive only if its products satisfy
the customerson the basis of thefollowing criteria

(i) Quality of the product as per acceptable standards
(if) Easy maintenance and reliability of the product
(i) Functionality of the product as offered by the seller

. Profitability

The pricing of the product should be competitiveto achieve sales. For this, the
market price of products should be competitive and commensurate with the
features offeredin the product. A good organization producestheright quality
that meetsall product specifications, at optima cost. Theorganization should
focus onminimizing costs and maximizing revenuefor increasing profitability.

. Timeliness

The product produced or service rendered may be qualitative and cost-
competitive but if it does not reach the consumerswhen they requireit, the
organization loses. The consumer does not wait for agood or service; he
acquiresit fromacompetitor. Therefore, Production and operations management
playsavital role in providing the product or service on time by effectively
maintaining production schedules.

To summarize, we can say that an effective POM needsto produce goodsor

render servicesof theright quality in right quantities a theright timeand at minimal
cogts. It should so ensure that there is no wastagein the system because thisresults
in cost escalationsand severe delays.

If the above—mentioned factors are not kept in mind, thenit could lead to falure

of themanagement in achieving itsobjectivesand targets.



Scope of production and operations management

The scope of production and operations management encompassesall the activities
involved in producing agood or service. Listed below isthe scopeof production and
operations management:

1

10.
11.

Product selection and development: This deals with the study of how a
product isselected and developed for commercial production.

. Processsdection: It dealswith how theprocessrequired to produce aproduct

isselected for commercial production.

. Facilitieslocation: It dealswiththe parametersthat are to be considered for

locating afactory premise.

. Layout planning: It dealswith the study of how the factory/plant isto belaid

out for optimum production.

. Material handling: It dealswith the study of sgnificance of meterial flow inan

organization, thedifferent methods of materia handling, etc.

. Manufacturing system: It deals with the study of the different types of

manufacturing sysemsand their applicaaility.

. Production planning and production control: It deals with the methods

followed in different kinds of manufacturing systems. Thisincludes methods
followed for job loading, scheduling, dispatching, PERT/CPM and linear
programming etc.

. Work studies: It dealswith method study and work measurement.
. Materialsmanagement: It dealswith methodsto control inventory inventory

anadyssetc.
Quality: It dealswith standards and techniques, TQM, Six Sigmaetc.

Safety management: It dealswith principlesand methodsto ensure safety at
workplaceetc.

1.2.3 Production: Relationship with Other Functions

Productionistheprimary function of anorganization. All other divisonsor activitiesof
anorganization exist only if production exigts. A business organization cannot exist if it
does not have anything to produceor sell.

Anorganization usualy has severa departmentsand each department isassigned

aspecidizedfunction, asshowninFigure 1.3.

Materias
Management
Marketing
A
Law
Production /
R&D ‘7 \ \ Finance
Human Public Purchasing
Resource Relations

Fig. 1.3 Departments of an Organization
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o Marketing establishesthe demand for the goods and sallswhat isproduced.
¢ Finance providesthe capital for equipment and resources.

¢ Human resource management provides the manpower and takes care of
employees.
¢ Purchasingisconcerned with procurement of materials needed to runthe
organization.
o Materids management takescare of inventories.
o Law department safeguardsthe organization onlegal issues.
¢ Publicrelationsdepartment buildstheimage of the organization.
e R&D isresponsblefor research and development.
However, it isproduction that producesthegoodsand services. It playsavita
rolein achieving afirm’sstrategic goas. Productionincludesthe bulk of acompany’s
employees and isresponsible for alarge portion of company’sassets. It also hasa

major impact on the quality of goods produced and their cost and isthusthevisible
face of the company. Hence, we can say that productionisthe heart of an organization.

1.3 TYPES OF PRODUCTION OR MANUFACTURING
SYSTEMS

Production systems or manufacturing systems convert inputsinto goodsthat have a
physical form. Thisvalue addition can happenin any of the ways. Depending onthe
kind of manufacturing process adopted for converting theinput into output, we can
classify theminto certain major groups, asshownin Figure 1.4.

Manufacturing Systems

Continuous Project InterTittent

Process Mass and Flow Batch Job

Fig. 1.4 Classification of Manufacturing Systems

L et usnow learn about each of these systems.
1. Continuous Production System

It involves continuousor amost continuous physical flow of material. It makes use of
speciad purpose machines and produces standardized itemsin large quantities. The
processes usually operate round-the-clock to maximize utilizations and to avoid
expensve and time-consuming shutdownsand start-ups.

(i) Processproduction: Thenameisderived fromtheway materids move
through theprocess. Thissystemisused for manufacturing itemsfor which



the demand is continuous or high. Here, a single raw material can be
transformed into different kinds of products at different stages of the
production process. Examples include petroleum refining — different
fractions, viz. kerosene, gasoline, etc., arerecovered during the process
of fractional ditillationand steel making (e.g., integrated steel plants of
SAIL).

(i) Massor flow production: Few types of products are manufactured in
large quantities. Thevolumesarehhighand productsare sandardized which
allows resources to be organized around particular products.
Standardization of products, processes, materials, machines and
uninterrupted flow of materidsarethe main characteristicsof thissystem.
It lies between process production and batch production. Examplesinclude
automobiles, appliances, computers, etc.

Characteristics of continuous production system
(i) Standard productsaremanufactured, which havelargedemand throughout the
year. Productionisusudly ‘ madeto stock’.

(i) Standardized inputsand standardized sequence of operations, machinetools
and equipment are used.

(i) Divison of labour isefficient and lesssupervisionisrequired sincethe same or
similar productsare dways produced.

(iv) Inventoriesarelow and material handling can be streamlined. It will be lower
thanintermittent manufacturing sysem.

(v) Thereisabalanced flow of work. Thiswill result in small work in progress.

Advantages of continuous production system
(i) Reduced labour cost because highly skilled workersarenot generdly required.
Also, division of labour and jobrotationispossible.

(i) Oncesystemsare set, strict supervisionisnot required since systemtakescare
of itself.

(i) Highvolumesof production, so costislow.
(iv) Low inventoriesand reduced materia handling.
(v) Minimumwastage seenas products are standardized.
(V) Possibleto usedl thetechniquesof productioncontrol, materid control/inventory,
maintenance systems, etc.
Disadvantages of continuous production system

(i) Strict maintenanceisnecessary to avoid production hold-ups.
(i) Adjudingtofluctuating demandisdifficult asit takestimeand capita investment.
(i) Huge capitd investment.
(iv) Cannot make sudden or frequent changes in the production schedules since
systemisnot flexible.

Introduction to
Productionand
Operation Functions
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Thetwo typesof continuous productionsysem are:
(@ Processproduction
(b) Massor flow production.

2. Intermittent Production System

Inthissystem, the goods are generally manufactured to fulfill cusomers ordersrather
than producing againg stock. The flow of materialsisintermittent. The production
fadilitiesareflexibleenoughto handleawide variety of productsand Szes. Considerable
storage between operationsis seen. Individual operations are usually carried out
independent of the preceding and succeeding operations.

Thetwo typesof intermittent production systemsare;
1. Job production
2. Batch production.

1. Job production: Job productionisthe production of awide variety of
products in relatively low quantities, customization is high, there is
considerable complexity and divergence in the steps performed in
production, thereby creating ajumbled flow rather than alineflow. The
system requires versatile and highly skilled labour with high capital
invesmen.

Examples: machiningameta casting, producing customized shelves
and cabinets.

2. Batch production: Here, itemsare processed in lotsor batchesand a
new batchis undertaken for production only when the production of all
itemsof abatchiscomplete.

Infact, batch-type production can be considered asan extension of
job type system. An example is the chemical industry where different
medicinesare manufactured in batches. Other examplesinclude production
of machinetools, printing press, etc.

Characterigicsof intermittent production sysem

1. Productsare manufacturedinsmal quantities.

2. Variety of productsishigh.

3. Highly skilled workersarerequired.

4. Largeworkinprogress.

5. Systemhashighflexibility since variety and volume of productskeep changing.
6. Unbaanced workloads, sinceworkload depends on thework in hand.

Advantages of intermittent production syssem

1. Canadjust to new stuations and specifications and fluctuation in demand can
easily betaken care of.

2. Initia investment isnot very high compared to continuous production.



Disadvantages of intermittent production system
1. Asproductionisingmall quantities, the cost of production per unitishigh. This
makestheproduct costly.
2. Skilled peoplearerequired for each operation. So labour cost ishigh.
3. Moreinventory, highwork in progressand large storage space are required.

Continuous and intermittent production sysems—comparison

Continuous production

1. Thereiscontinuousflow of raw materid.

. Itis'madeto stock’.

. Itisnot flexible—changein thetakestime and involves huge investment.
. Cog of labour islow.

Haslow work in progress.

. Highdivision of labour, lesser supervision required.

. Lesser inventoriesand lesser materia handling.

8. Huge capitd investment required.

N o AN WN

Intermitten production

1. Theflow of raw materid isin batchesor lots.

. Itis'madeto order’.

. Itishighly flexible.

. Cog of labour isvery high.

. Hashighwork in progress.

. High supervison and high skill set are required.

. Highinventoriesand plenty of material handling are required.
8. Capitd investment isrelatively low.

N o o0k WODN

3. Project process

A project processisoneinwhichthereisavery high degree of customization and the
jobisundertaken to meet specific requirements. Each project is unique. For each
project, the sequence of steps or process flows is defined. Project processes are
vaued moreon the basis of their capabilitiesto do certain kinds of jobs, rather thanto
produce specific products at low cost. They tend to take along time and involve
several interrelated tasksthat must be completed. Thisrequires close coordination.
Resources needed for aproject are brought together at the beginning of the project
and aredisbanded once the project isover.

Examples. Construction of bridges, aeroplanes, etc.

Introduction to
Productionand
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1. How does the Association
of Operations Management
(APICS) define operations
management?

2. Which is the primary
function of an organization?

3. What is batch production?

Self-Instructional Material 11



Introduction to
Productionand
Operation Functions

NOTES

Operations Research:

A discipline dealing with the
application of advanced
analytical tehniques to
facilitate better and faster
decision-making in business
organizations

12  Self-Ingtructional Material

1.4 INDUSTRIAL ENGINEERING, MANUFACTURING
ENGINEERING AND OPERATIONS RESEARCH

Operationsresear ch isadiscipline dedling with the application of advanced analytical
tehniquesto facilitate better and faster decison-making in businessorganizations. Not
surprisingly, it isalso referred to asmanagement science or decison science. So how
exactly isit related to manufacturing and industria engineering? Thissection will tell
you how.

Using techniques such asmeathematical modelling and optimization and Satistica
analysis, operations research comes up with optimal or near-optimal solutionsto
complicated decision-making problems.

Owing to itsfocus on human-technology interaction and practical applications,
thedisciplineof operations research hasalot in common withindustrial engineering,
organization science and even psychology.

Therole of Operations Research or OR, inthe public aswell asthe private
sectorsisrapidly increasing. Ingenerd, OR addresses severd issuesrelated toinventory,
production, transportation and communication. Therefore, it is indispensable in
managemernt. It facilitatesthe management of computer operations, risks, revenue,
financial assets, etc.

In the public sector, OR is used in making important decisions related to
healthcare, energy policy, water resources, defenseand urban sysems. Itisananaytical
techniqueof problem solving and decison-making that useful intheefficient management
of organizations.

Industrial engineering isthat branch of engineering that focusseson optimizing
complex processesor systems. It isaimed at developing, improving, implementing
and evaluating integrated systems comprising not just people, information, money,
knowledge and equipment but energy, materials andysisand synthesis. It dso integrates
mathematical, physical and social scienceswith engineering principlesand techniques
for evduation of the results or outcomes of such systemsor processes.

Whileitsbasic conceptsaresimilar to busness-related disciplineslike operations
management, theengineering Sde focusseson mathemetica proficiency and quartitative
techniques.

Depending on the subdisciplinesinvolved, industria engineering may also be
referred to asmanufactuirng engineering, operationsresearch, sysemsengineering or
safety engineering. If the subspecidty in questionis hedlthcare, thoseinvolved, suchas
health management engineersand health sysemsengineerscould also bereferred to
asindustria engineers.

1.4.1 The Toyota Production System
TPS, short for the Toyota Production System, asthe name suggests, was developed
by Toyotaand encagpsulatesits management philosophy and practices.

This system organizes manufacturing, logistics and interaction with suppliers,
for Toyota. Origindly known as'just-in-time' production, it isbased onthe approach
created by Sakichi Toyoda, thefounder of Toyotaaong with hissonand an engineer.



The TPS systemisaimed at eliminating inconsstency, overburden and waste,
that is, mura, muri and mudarespectively.
The seven kinds of waste that the system addressesarerelated to:
1. overproduction
2. trangportation
3. processng
4. stock at hand
5. movement
6. defective products
According to the system, reduction of inconsistency or overburdentriggers
severd initiativeswhich drive out wastewithout specifically focussing onitsreduction.

Adoption of thissystem has made Toyotaaleader in the automotive manufacturing
and productionindustry.

The systemisbased ontheway thingswork inasupermarket. A cusomerina
supermarket picksup what hewantsinthe desired quantity and paysfor it. The store
ensuresthat theshelf isrestocked with sufficient amounts of new productsto occupy
the shelves. Similarly, awork-center requiring partswould go to a‘ store shelf’ (the
inventory storage point) for the particular part and ‘buy’ (withdraw) the quantity it
needs, and againthe * shelf’ would be ‘ restocked’ by thework-center that produced
the part. It will make just enough to replace the volume withdrawn.

The primary outcome of the systemisthat only minimal inventory isrequired.
Weasteisintelligently eliminated. The main principlesof the ToyotaWay that formsthe
foundationfor TPSare:

e Formalong-termvision and keep that in mind while meeting challenges

e Improve business operations on a continuous basis, always striving for
innovation and evolution

e Get to theroot of the issues and get al the facts correct before making
decisons

¢ Respect and understand people you work and interact with

e Maximizeindividual performance and encourageteamwork

e Ensurepersond involvement to understand matters

1.4.2 Operation Sandards

Management must establish goalsfor evaluating the employee' sperformance. These
godsaretrandated into standards. A production and operations standard isused for
measuring or judging the output. The standard can be set for qudity, quantity, cost, or
any other attribute of output, and isthebasisfor control.

Sandards at various levelsin the organization

The standardsat the variouslevelsinthe organization are:
e Individua standards
o Departmental standards

e Plant sandards
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Individual sandards

Thetermsstandard and labour standard are often used in operations management. A
labour standardisthe output expected from an averageworker under averageworking
conditionsfor agiven period of time. A standard for workersat thelowest level within
the organizationisexpressed intermsof thetime alowed per unit of output or output
required per unit of time. For example, acandy making operation, inwhichcoconut is
sprinkled on soft chocolate, might have astandard of .01 minutes per piece or 100
pieces per minute.

Departmental standards

Several workers may perform as a unit or team. Every team may have a specific
gandard for theteam'soutput. By adding dl theindividua and team standardstogether,
managers can set department standardsfor quality, quantity, costs and ddlivery dates.

Plant sandards

In the organization, a specified volume of goods and services must be produced.
Labour and materials must be maintained, and at the sametime their costs must be
controlled. Thereisagreater need for accurate cost sysemsfor labour, materialsand
overheads. Thequdlity levelsof the products must aso be maintained.

Uses of operations standards

Asabasisfor making operating decisons, labour time standards are used to evauate
the performance of the workers; these standards also help in planning and controlling
operations. Thevarioususesof the standardsare:

o Evauating the performance of anindividual
¢ Evauating the performance of the various departmentsin an organization
o Evauating processdesign, and work methods
¢ Cdculating standard costs
Standard costsare computed in accounting asfollows:
Standard cost = Standard usage* Standard labour rate

The slandard usageistheindustrial engineering established for the labour time
sandard. The standard labour rateisthe accepted wagerate for thelabour forcethat
will be performing thework. If thestandard usage and labour standard areincorrectly
established, thenthe standard cost will show anerror.

1.4.3 Industrial Engineering

M eaning and nature

Industrial engineering refersto the mechanismthat dealswith thedesigning, progress,
enhancement, operation and estimation of the assembled structure of people,
knowledge, tools, energy, material and process.

The reportsacquired from suchstructure are predicted and andysed by indugtrid
engineering using the engineering analysis theory along with the principles of
mathematical, physical and social sciences. Anindustrial engineer works mostly for



manufacturing aproduct with the purpose of reducing wastage of time, money, meterids,
energy and other resources. He designsplansand not machinery. I ndustria Engineering
isaso identified as Operations M anagement, Production Engineering, Manufacturing
Engineering, etc.

Applications
Most industrial engineerswork in amanufacturing environment. Other industrial

engineersmight work in service environmentsaswell. Industrial engineersthuscover
avariety of fieldswherethey usualy work as:

o Plant Engineers

e Manufacturing Engineers
Qudity Engineers
Process Engineers
Methods | mprovement
Hedlth Systems Engineers

1.4.4 Functions of Industrial Engineers
Thebasicfunctionsof theindustrid engineer are concerned withthefollowing industry-
related activities:
¢ Quadlity Control
Manufacturing Processes
Pant Layout/Material Handling
Engineering Economy/Cogt Estimating
Time Studies/ Labour Cost
e Human Factord Safety
e Simulatiory Satistics

The dutiesand responsibilities of theindustrial engineer vary greatly according
to hisfield of endeavour. On the basis of the mentioned general activities, the basic
functionsand expertise of theindustrial engineer can be classifiedinto three categories
of proficiency:

¢ Functionsasper Product
e Functionsasper Process

e Generic Functions
Functionsas per product

Following arethefunctionsof theindustrial engineer asper product:

¢ Inthiscategory, theindustria engineer hasto performthefollowing functions
related to aspecific product of hisorganization:

¢ |Invegtigating the complete product design to decide about the stepsinvolvedin
thewholeprocessor operations. Thiscalsfor the knowledge of thein-house
fadilities
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o Determining the mechanism used for the manufacturing or assembling of the
product(s) at each operation. Thisincludesthe concerned machinery, tooling,
jigsand fixtures and safety equipments, which need to be constructed. The
industrial engineer may beregquired to collect informetionabout qudity procedures
and congraintssuch as1SO 9000inthe organization. Thisdemands expertise
in Healthand Safety responghilities and Quality policies.

¢ Egtimating the time essential to execute the specified method, with due
consderationtothe operator’sskills. Thisisused to rate the operation executed,
to alow baancing of assembly, machining flow linesand the assessment of the
manufacturing capacity required. Thistechniqueisknown asWork Study.

¢ Defining the maintenance, handling and delivery methodsand the equipment
necessary for components and finished product. Thisought to helpinéiminating
any possibledamage.

Generic functions (medium term)

Following arethe generic functions of theindustrial engineer
¢ Determining the maintenance plan for the particular process.

e Surveyingthevariety of productsinvolved in the process, then examining the
possihilities of improvement inthe processthrough arestructuring of the current
facilitiesor by purchasing better equipments. Thismay call for the outsourcing
of that processwhichin turnrequires know-how of designtechniquesand of
investment anayss.

¢ Revisng theindividual productsinvolved intheprocessto recognizethe cost
that processadds, or to standardize the components, tooling or methods used.

Functionsas per Genericaly (long term)
Following arethefunctionsof theindustrial engineer asper genericaly:

o Evauating theflow of productsthrough thefacilitiesof thefactory to assessthe
overall efficiency, and assessing whether the most important productshavethe
priority of themost efficient process or machine or not

e Training new workersin thetechniques essentid for operating machinesor
assembling processes

¢ Planning projectsto attain timely introduction of new productsand processes
1.4.5 Techniques of Industrial Engineering
Following arethetechniquesthat can be used inindustrial engineering:
Quality assurance/quality control

Quality control isaseriesof activitiesperformed to ascertainthat no defective products
or srvicesare produced, and that the product design meets performance requirements.

Quiality assurance coversall activitieslike designing, developing, producing,
ingtalling, servicing and documenting. ‘ Quality isfree’ isauniversal dictum. It costs
nothing to produce acommodity that works permanently, every timeit comes off the
assembly line. Thisnecessitates agenuine effort onthe part of theindustria engineer
and aso helpsto reduce the cost of waste and rework.



Statistical processcontrol usually progressesby arandom testing of afraction
of thefinished product. Testing every unit of the product isgenerally prevented, in
consideration with the cost and time restrictions, and the possibility of product
degtruction. Thevariancesof critical tolerancesare congtantly traced, and manufacturing
processes are reformed before any bad partsare produced.

Another related techniqueisto operate samplesof productsuntil they fail. Then
theresultant datais used to designimprovementsin the engineering and manufacturing
processes. Sometimesvery smple changesinthe product can drastically improvethe
product service, such as changing to mould-resistant paint, or adding lock-washed
placement to the training for new assembly personnel.

Many organizationstutilizethe satistica process control to bring theorganization
to ‘' Six Sigma levelsof quality. Inasix-sigmaorganization, every itemthat creates
customer valueiscontrolled, to ensure that thetotal number of failuresin anormal
distribution of customers(setting astandard for failure of fewer than four partsinone
million) are beyond thislevel. Examplesof theitemsoften controlled include; clerical
tasks such asorder entry and conventional manufacturing processes.

Producibility

Quiteoften, finished products have unnecessary precison, product operationsor parts.
Simpleredesign can excludethese, thereby lowering production costsand increasing
manufacturability, reliability and profits.

For example, someliquid-fuel motorsare purposely designed to allow ugly
(though lesk-free) welding, to eliminate grinding and finishing functionsthat do not
ensure better functioning of the motor.

Another producibility techniqueis* near net shapeforming’. The name denotes
that theintroductory production of the item greatly resembles thefinal (net) shape.
Thusan optimum congtruction processcanremove anumber of low precison machining
or drilling steps.

For example: 1) Precisiontransfer ssamping can facilitate quicker production
of numerous high-quality partsfrom generic rollsof sed and duminium. 2) Diecasting
isused to produce meta partsfromauminiumor sturdy tinaloys (they are often about
asstrong asmild gedls). 3) Plagticinjection moulding isapowerful technique, especidly
if the specid properties of the part are supplemented with inserts of brassor sedl.

With the rapid development of computer technology, digital signal processing
softwareisbeginning to replace many analog eectronic circuitsfor audio and sometimes
radio frequency processing.

In some printed circuit boards (attached inside the CPU), theconductors are
so designed that they act asdelay lines, resistors and inductorsto reduce the parts
count. A significant recent innovation wasto remove the leadsof * surface mounted’
components. At onestroke, thisremoved the need to drill holesinaprinted circuit
board, aswdll asclip off theleads after soldering.

Producihility isbeing consdered frequently today intheinitial stagesof product
design. Thisisa processreferred to as ‘ design for manufacturability’. It ismuch
advisable and money-saving procedureto consider the changesduring theinitial stages
of desgnitsalf, rather than redesigning the productsafter their initial designis complete.
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Totheindustria engineer, theinitial designing of the product isthusof vital importance
and he commandsbetter knowledge of themarket value and demandsof the product.

M otion economy

Inthistechnique, industrial engineers study the way workers performtheir jobs. For
example, inthe case of acircuit board, they study how theworkers or operators pick
up the electronic components to be placed on the board and in which order these
components are placed on the board.

Another exampleisthat of chemical testing records. Theindustria engineer
studiesthe sequence of activitiesinvolved in chemical mixing records procedureand
accordingly provides necessary stepsrequired for testing. Theaimisto savethetime
involved in performing a certain task and redistributing work so asto reduce the
number of workersrequired for agiventask.

Frederick Window Taylor and Frank and Lillian Gilbreths did much of the
pioneeringwork in‘Motion Economy’ . Taylor’swork tried to study and understand
the causes behind the fatigue of the workers in a coalmine, and aso the ways to
acquiregreater productivity fromthe workerswithout additional man-hours. The
Gilbreths devised asystem to categorize all movementsinto sub-groupsknown as
therbligs (Gilbrethsspelled backwards).

Today industrial engineers often perform time studies or work sampling to
understand thetypical role of aworker.

1.5 AUTOMATION IN PRODUCTION

Automation means replacing human labour with machines.

Automation and advanced technology began inthe 1950swith the devel opment
of numerically controlled (N/C) machinetools. N/C machining enabled themachinist’s
skillsto beduplicated by acomputer programthat was stored onacomputer medium
such aspunched paper tape. Thecomputer program controlled the movementsof a
tool whenmaking complex shapes. Over time, N/C computer hardware has become
smaller and cheaper, computer — controlled software has become more sophisticated,
and machine toolshave become more complex. Thishasled to the development of
industrial robotsand flexible manufacturing systems (FMS). Advancesin computer
software and communicationssystems have led to improvementsin manufacturing
equipment andviceversa. Similarly, the knowledge base on which production planning
and control decisons are made has significantly improved. By combining knowledge
baseswith physicd process control, computer assisted manufacturing (CAM) was
born.

The union of CAD (Computer aided design), CAM, and FM Srepresentsthe
latest development in manufacturing, which isreferred to as computer integrated
meanufacturing (CIM).

N/C was probably the first true CAM system. Early N/C systems had

manufacturing instructionson punched paper tapes. Theseinstructionscontrolled the
operations of amachinetool —for example, movement, drilling, and cutting—and tool

changes.



Computers are also used to create N/C tapes automatically. Aninteresting
system has been developed by Structural Dynamics Research Corporation (SDRC),
which specidizesin computer-aided engineering. The SDRC HI —PRO systemisan
integrated N/C tape-preparation syssemfor punching, shearing, and other sheet metal
operations. Typicaly, asupplier receivesordersfor sheet metd partsof different sizes
—forinstance, 100 piecesof 1.5" x 8", 300 piecesof 6" x 10", and so on. Theseparts
arecut fromlarger sizesof sheet metal on N/C shearing machines. Thedifferent parts
must be laid out in amanner that will minimize the waste from the larger sheets.
Computer programsare used to generateoptimal cutting patterns, to plot graphicaly
the patterns for visual verification, and to create automatically an N/C tape for
manufacturing. Theuser needsto enter only thevariousstock sizes, part dimensions,
and requirements. The cutting patternsand manufacturing iscomputer- controlled.

Wewill learnin brief the varioustechnologies of automation.
Computer-Aided Design (CAD)

Early CAD systemswere basically computer-controlled plotting systems; today’s
systemsrevolvearound graphicsterminals. CAD allowsengineersand designersto
work intwo and three dimensions and utilize colour to simplify complex designs.
Desggnerscancarry out geometric transformationsat high speeds and can obtainthe
top, sideand front views of design, rotations about any axis and cross sections. In
addition, CAD systemsalow the storage and retrieval of designsfor easy updating
and automatic creation of Billsof Materials and processinformation for production
planning and scheduling systems.

Computer-Aided Manufacturing (CAM)

CAM involvescomputer control of the manufacturing process, such as determining
tool movements and cutting speeds. N/C machinesisan old formof CAM, robotics
is a modern example. CAM offers advantages over conventional manufacturing
methods. It can be used when severd different partswith variable or cyclic demands
are produced, when frequent design changesare made, whenthemanufacturing process
iscomplex, whenthere are multiple machining operations on onepart, or when expert
operator skillsand close control arerequired. EachmachineinaCAM system has
the ahility to select and manipulate a number of tools according to programmed
ingructions. ThusCAM providesahigh degree of flexibility in performing and controlling
manufacturing processes.

Caterpillar Corporation, for instance, usesCAM to makecomponentsfor tractor
enginedrive assemblies. A transfer device shuttles partsamong thework stationson
both sides of atrack, where some 30 to 40 machining operations are performed.
Operatorsat entry and exit pointsclamp the partson and off thetransfer mechanism;
therest of the processis computer-driven.

WhenaCAD systemand aCAM system share acommon database, theterm
CAD/CAM isused. The integration of CAD and CAM allows for important
coordination between design and manufacturing; through such integration the lead
time for process planning can be reduced, quality assuranceisimproved and cost
savingsintool design and other capital investmentscan be realized.
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Flexible Manufacturing System (FMS)

Aflexible manufacturing sysem (FMS) isalogical extensonof CAM.AnFMS conssts
of two or more computer-controlled machines linked by handling devices such as
robotsand transport systems. Computersdirect the overal sequence of operations
and routethework pieceto the appropriate machine, select and load the proper tools,
and control the operations performed by the machine. More than one different work
piece may be machined simultaneoudly, and many different parts can be processed in
randomorder.

General Electric modernized itslocomotive plant in Pennsylvaniausing an FMS.
Themachining timefor engine-frame partswas reduced from 16 daysto 16 hours;
overall productivity wasincreased by 240 per cent; capacity wasincreased by 38 per
cent; and design flexibility wasincreased aswell.

The advantages of FMS

It reduceswork-in-processinventory.

It providesincreased capacity dueto reductionin setup times.

It provides better predictability and control of operationsand scheduling.

It offersreductionin material-handling costs.

It provides greater sensitivity to market requirements.

All these advantagesincrease profitability and competitive position of the company.

Computer-Integrated Manufacturing System (CIMS)

The complete integration of CAD, CAM and FMS has led to systems called
computer—integrated manufacturing sysemsor CIM S. Thissystem represents
theunion of hardware, software, database management and communications, to plan
and control production activities from planning and design to manufacturing and
digtribution. CIM Sallowsfor much smaller and economically viablebatch production
capabilities. A firm canthen match its production effortsto amuch wider range of
demand and create acompetitive advantage through rapid response to market changes
and new products. CIMSaso providesall the advantages discussed for CAD, CAM,
and FMS.

The cost of developing and implementing afully operational CIM systemis
exorbitant and requiresa high degree of management commitment and effort. Many
companies are beginning to reap the rewards of carefully planned systems. The
development of CIM Sswill be afocus of manufacturing throughout this century.

Robotics

A robot is a programmable machine designed to handle materials or toolsin the
performance of avariety of tasks. Industrial robotswerefirst introduced in 1954
when George Devol filed adesign withthe U.S. Patent Officefor asmple pick and
placerobot. Unimation, founded in 1962, wasthefirst industrid robot manufacturing
company. 1n1986, approximately 16,000 industria robotswerein usein the United
Statesand Japan had approximately 60,000 in use. Robots have been relatively dow
to be used in the United Statesbecause of management resistanceto change, thefact



that the United States has a plentiful Iabour supply, human fearsassociated with being
replaced by robots, and lack of technical knowledge about their uses.

By using computer control, therobot canbe ‘taught’ alarge number of sequences
of motionsand operations and can evenmakelogica decisons. A principa advantage
of arobot isthat it can be reprogrammed and transported from one applicationto
another. Someof thetypical gpplicationsof industrial robotsinclude spot welding of
automobiles, spray painting, machining operations such as drilling and assembly,
inspection and material handling. Robots are especialy useful for working with
hazardous materias or heavy objects, labour, improvement in quality, increased
capacity, and moreflexibility of low —volume production equipment. Inaddition, they
never complain!

Vision systems

Vision systemsconsst of acameraand video andyser, amicrocomputer, and adisplay
screen. Computer vision systems can read symbols, identify objects, measure
dimensions, and ingpect partsfor flaws. Thus, they are beginning to find extensive use
inqudity control.

In automotive applications, vison systemsare used in conjunction with robots
to weld body seams of varying widths, tighten imprecisely located bolts, mark
identification numberson enginesand transmissonsusing lasers, and arrange car hoods
on racksthat have unevenly spaced dots. At aGenera Motors plant in Lansing,
Michigan, for example, avision-equipped robot systemfindsthe exact location of a
dozenlower—suspensionrail boltsand then usesapneumatic nut runner attachment to
tighten the boltsto precise torque specifications. The system hasresulted in more
accurate bolt torquing and inlessmanual rework required downstream onthe assembly
line.

Automatic identification systems

At theoperationd level of manufacturing, alargeamount of datafromthe shopfloor is
required inorder to providetheinformation necessary for effectiveproduction control.
The conventional method of capturing datainvolves manual recording by supervisors
inaregister. Thisdataisthen keyed into acomputer system for processing. This
method is ow and subject to errors. An alternative approach to the conventional
method of capturing datainvolvesthe use of automatic identification systems. These
systemsread sourcedataand convert itinto aform reedable by computersfor controlling
equipment and generating reports. Error ratesfor autometic identification sysemsare
aslow as1in 3 million, and speeds are hundreds of times faster than conventional
methods. Automatic identification systems reduce paperwork, improve accuracy,
and providemoretimdy and useful information than previous methodsof datacollection.

Examplesof automaticidentification systemsare barcode scannersand voice—
recognition systems. Barcode scanners read symbols by measuring thewidth of the
barsand spaces and differentiating between symbols by the amount of light reflected.
Bar code scannersare probably themost popular method of autometic identification,
and arethefastest and mogt accurate. Voicerecognition sysemsareuseful in operaions
that requireaworker to useboth eyes and handsfor accomplishing atask for instance,
inareceiving and inspection gpplication, in which handling, sorting and recording of
datamust al be done simultaneously.
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4. Fll in the blanks with

appropriate words.
@

is that branch of
engineering that focuses
on optimizing complex
processes or systems.

(b) Management must
establish goals for
evaluating the
employee's

(© assurance covers
al activities like
designing, developing,
producing, installing,
servicing and
documenting.

(d) isbeing
considered frequently
today in the initial
stages of product design.

. State whether the following
statements are true or false.

(a) Statistical process
control usually
progresses by a
consecutive testing of a
fraction of the finished
product.

(b) Automation and
advanced technology
began in the 1950s with
the development of
numerically controlled
(N/C) machine tools.

(c) CAD involves computer
control of the
manufacturing process,
such as determining tool
movements and cutting
speeds.

(d) An FMS consists of
two or more computer-
controlled machines
linked by handling
devices such as robots
and transport systems.

applications here are automated sorting and automated storage and retrieval.
Automated sorting equipment is often found insuch placesas post offices, air cargo
terminals, mail order distribution centres, airline baggage handling, truck terminals,
and publishing houses.

Automated storage and retrieval systems (AS/RS) aredesignedto providehigh
meteria flow ratesthroughwarehouses, particularly for high volume, unit load Storage.
Incoming palletsarrive viaaconveyor and aretransferred to aloader at oneof the
sorageades. Thestoragelretrieval (S/R) vehiclethen movesboth horizontaly and
vertically to deposit theload in an empty storage location. Onthe way back, S/R
vehiclesusudly retrieve arequired itemto be sent to shipping. S/R vehiclesmay be
manually controlled or fully automated. Computer control isneeded to maintain anup
-to-datelist of storagelocationsfor efficient retrieval. Capitd investment inAS/RSis
high, althoughtheincreased productivity and reduction of direct labour arethe primary
benefits.

1.6 SUMMARY
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¢ Production management comprisesthe processesof planning, structuring, guiding
and managing the activities of the production function. It bringstogether and
dtersdifferent resourcesused in the production subsystem of an organization
into value-added product in a step-by-step way, according to the policies of
theorganization.

e Theproduction processisassociated with converting an array of inputsinto
outputsthat arein demand inthe market.

o Companiesdepend uponvarioustypesof manufacturing systemsto produceits
yield ranging from consumer goodsto high-tech electronics.

e Threemagjor sysemsof manufacturing processesare:
o Continuous production sysem
o Intermittent production system
0 Project process
¢ Continuous productionisatechnique used for manufacturing, producing, or
processing goodswithout disturbance.
¢ Inintermittent production sysem, the cycleof production of short and comprises
frequent change of machinesfor making various products.
o A project processisoneinwhichthereisavery high degree of customization
and thejob isundertaken to meet specific requirements.
¢ Industrial engineering isadivision of engineering that is associated withthe
development of complicated proceduresor systems.

o Manufacturing engineering generaly rdatesto variouspractices of manufacturing;
research and development of tools, seriesof activities, machinery and apparatus.

¢ Opeaationsresearchrefersto the gpplication of scientific philosophy to business
management, through aquantitative basefor intricate decisons.



e Automation of production is a process in the optimization of mechanical Ilantrdodu?tion tg
. . . . . . ct
productioninwhich management and keeping tebson functionsthat were earlier o peratrign“Fu'r?:ﬂi';S
performed by humansistransferred to automated devices.

1.7 ANSWERS TO ‘CHECK YOUR PROGRESS NOTES

1. The Association of Operations Management (APICS) defines operations
management as, ‘ The field of study that focusses on the effective planning,
scheduling, use and control of manufacturing or service organizationsthrough
the study of conceptsfromdesign engineering, industria engineering, MIS, qudity
management, production management, industriad management and other functions
asthey affect the organization'.

2. Productionisthe primary function of an organization. All other divisonsor
activitiesof an organization exist only if production exists. A busness organization
cannot exist if it does not have anything to produceor sell.

3. Here, itemsare processed inlots or batchesand anew batchisundertaken for
production only when the production of dl itemsof abatchiscomplete.

4. (8 Industrid engineering
(b) performance
(c) Qudity
(d) Producibility
5. (8) Fase
(b) True
(c) Fase
(d) True

1.8 QUESTIONS AND EXERCISES

Short-Answer Questions

1. How canvaue-addition be donein atransformation process?

2. Wha istherdationship of productionwith other departmentsof an organization?
3. What aretheadvantages and disadvantages of intermittent production system?
4. Giveadetailed account of the varioustechniquesof industrial engineering.

5. Statethestandardsat variouslevelsinan organization.

6. DefineFMS.

Long-Answer Questions

1. Writeanoteon the functionsand objectivesof production management.

2. Discussthevarioustypesof production or manufacturing systems.

3. Explainthefeatures of industrial engineering, manufacturing engineering and
operationsresearch.

4. Compareand contrast the continuous and intermittent production system.

5. Ligt and explainthe various computer-aided sysemsused in production.
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2.0 INTRODUCTION

Whatever itemacompany plansto produceand whatever bethe natureof the manpower
it employs, if it does not have the necessary capacity or machinery to producethe
desired product, dl itsplanswill remain on paper. Capacity planning includes methods
to modify capacity, needs, objectives, typesand activities.

Machinery needsregular maintenance to retain efficiency levels. Inthisunit,
you will learn about capacity planning including methods to modify capacity, needs,
objectives, typesand activities.

Capacity requirement planning is atechnique of accounting method that is
used in the determination of the existing productive capacity of afirm. Capacity
requirement planning begins by assessing the agenda of production that has been
designed by the company. Then it examinesthe company’sauthentic productive capecity
and comparesboth, the planned and theactual productive capacitiesto find out whether
thetargets can be met with theexisting production capacity.

Fecility planning includes activitieslike planning and securing fecilities Site,
facilities blueprint, facilities plan, or plant layout.

2.1 UNIT OBJECTIVES

After going through thisunit, you will be ableto:
¢ Explaintheimportance of capacity planning
e Listthemethodsto modify capacity
¢ Definethe capacity requirement planning process
¢ Discussthe significanceof facility planning and its salient features

Capacity and Facility Planning
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2.2 IMPORTANCE OF CAPACITY PLANNING

Capacity planning isan agpect of Production Planning. Capacity istheability to produce
and cagpacity planning isthe process of identifying the capacity of aproduction unit that
isrequired for producing so asto meet the current and future demands.

Anorganization does capacity planning when
e itisgtarting anew manufacturing unit.
e itisincreasng volumes of an existing manufacturing unit.
o when new productsare being introduced.
e whenthereisachangeindemand - addition, deletion of products.

Factors affecting capacity planning

Thefactorsthat affect capacity planning are

1

Type of product or service: The capacity of a company depends on the
productsit manufactures. If it isatailor-made product, thevolumeof the products
cannot behigh. But if it isageneral or standard product the volumeswill be

high.

. Type of process: Whether the process is manual or automated also affects

capacity. Inmanual processes, capacity islow. More manpower needsto be
employed to increase capacity; eventhenthere will be variationsin products,
performance, etc. Inautomeated processes, thevolume of output will be uniformly

high.

. Type of technology Employed: Capacity also depends on the technology

employed. A high-end technology will produce better productsat amuch faster
rate, and therewill belesswagtage. Availahility of facilitiessuch as gpace, power,
etc. also affects capacity.

. Skill level of workers: If the workers are better trained and motivated, the

output will increase.

. Availability of raw material: Ease of raw materia availability will aso affect

capacity.

. External factors: Government policies, tax limits, production limits, etc. so

affect capacity.

2.2.1 Methods to Modify Capacity
Strategiesto modify the capacity can be broadly classified into short term and long

term.

Short-term methods

These methodswill change the capacity or quantity produced inthe short term. But
they cannot belong term solutionsto vary the capacity of the organization. The short
termmethodsto vary capacity are—

1. Inventories Companiesmay continueto produce during periodsof low demand

and pile up stock. Thiscanbe used during periods of increased demand.

2. Labour: Companieshire manpower during periods of high demand and lay off

during periodsof low demand. They may aso pay overtimefor extended working
hoursor alow relaxed working hoursduring low demand.



3. Multi-skilling: Some companies develop multiple skillsof their employees. Capacity and Facility Planning
Thisisuseful becausejob rotation canbe doneto takecareof fluctuating demand.

4. Processredesign: Sometimes, changing job content at eachwork station can
aso take careof fluctuating demand.

5. Subcontracting: Many companies sub-contract part of their jobs. For
example, during peak demand, some companies get their products made by
another firm. Oncethe product ismade, they inspect it and giveit their brand
name.

6. Maintenance: Some companiesreschedulethelr routine maintenanceto periods
of lessdemand so that productionduring high demand periodsis not affected.

NOTES

Long-term methods

These methodstake along timeto modify capacity. They can be of two types—

1. Capacity expansion
2. Capacity contraction
1. Capacity expansion: This method requires considerable investment in the

formof moreland, new machineries, more manpower, etc. They can again be
of two types—

(i) Expand onceinfiveor moreyears— Thismethod isadopted when the
company has to borrow externaly for expansion. It requires a huge
investment, but the company isassured that itssupply will always meet the
demand inthefollowing years.

(i) Expand alittle every year —Itsadvantageisthat the company need not
borrow heavily for investment; oftenthefunds aregenerated internaly. A
company adoptsthispracticeif it feelsthat thedemand will increasealittle
every yea.

2. Capacity contraction: When acompany feelsthat its products have entered
the decline phase of their life cycle, it may decideto diversfy or discontinuethe
product. It then sells off or transferstechnology and skill to other companies.
The capacity may aso be reduced and alocated to other products of the
company.

The capacity of awork centre is an important element for process design.
Capacity isusualy specified interms of available hours, either for machinesor labour.
Capacity should include an efficiency factor reflecting downtime for failure and
maintenance. Let usillustrate thisby thefollowing examples.

Example 1

A work centre conssts of four machines, each of whichisused during an 8-hour, one-
shift operation. The efficiency of eachmachineis85 per cent (thet is, themachinesare
expected to be down 15 per cent of thetime). Find the capacity of thework centre.

Solution:

The capacity of one machineinthework centreinone shift -
8 % 0.85=6.80 hours
For 4 machinesit is—6.80 x 4 = 27.2 hours.
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Example2

A sedl melting shopisdesigned for production of 50tons’heet, and the efficiency is90
per cent. Thefurnace runs 168 hoursinaweek, i.e., 7 daysrunning. If theaverage
heat timeis4 hours'heat, find the rated capacity of the steel melting shop per week.

Solution:

168x50x 0.9

Rated Capacity = 2

= 1,890 tons'week

2.2.2 Capacity M easurement

Capacity of aplant isexpressed asthe rate of output viz., units per day or per week or
per month, tonesper month, gallonsper hour, labour hours/day, etc. But for organizetions
whose product linesare morediverse, it isdifficult to find acommon unit of output.
More appropriate measure of capacity for such firmsisto expressthe capacity in
termsof money value of output per period of time (day, week or month). Asasubgtitute,
capacity can be expressed interms of input. A legal office may express capacity in
terms of the number of attorneysemployed per year. A custom job shop or an auto
repair shop may express capacity intermsof available labor hoursand/ or machine
hours per week, month, or year.

Therefore, it canbe stated that capacity ismessured intermsof inputsor outputs
of the conversion process. It must beremembered that since capacity is defined along
with the constraints, the capacity measurements becomes subjective, as different
interpretations of the terms are made by different people in the organization. For
example, if the capacity ismeasured onthe sale of productsinrupeesto dollars, the
forex fluctuationswill result indifferent resultson cgpacity. Detailsof theindustriesand
the capacity measurementsaregiveninTable 2. 1.

Table 2.1 Examples of Commonly used measured of Capacity

Type of business Measurement of capacity
Resource available output

Education Faculty, Infrastructure Number of Students Y ear
Automobile Man-Machine hours Number of cars/shift
Agriculture Acres Tone of Graing/Y ear

Cows Litres of Milk/day
Steel Mill Furance Size Tons/ Shift
Theatre Number of Seats Number of Tickets sold/day
Restaurant Number of Tables Number of meals sold/day
Oil Refining Size of Refinery Fuel oil/day

In serviceorganizations, the capacity ismeasured interms of homogeneous or
heterogeneous service. For example, in the case of Insurance companies, the service
offered ishomogenous, i.e., it isbased on the number of policiesserviced per year.
Banksand Transport companies offer heterogeneous services. Their offer isrestricted
by the availability of limited resourcesunder their possession. For example, in banks,
it ismeasured by theman hoursavailable per week; and in case of trangport companies,
it istonnage per kilometer.



2.2.3 Capacity Requirement Planning (CRP)

Variouswaysto meet the capacity requirementsof aproduct by the organization are:
e Overtime: Theorganization can fulfil its capacity by increasing theworking
hours of theemployees. Inthisway, the organization reducestheextracost of

hiring additional number of employeesfor achieving itstarget.

e Casual labour: Thesearethelabourerswho are consdered as permanent but
work only when there are lessnumber of full-time labourers. Casua labourers
do not enjoy the benefits provided to thefull- time labourers.

¢ |nventory: During the period of dack demand, the inventory of the finished
goods can bestored so that it can be used whenthereisahigh demand for the
goods. Inthisway, the organization does not have to bear the extra cost of
hiring additional or casud labourers.

e Cross-training: The organization can create some flexibility in itsworking
environment by employing cross-trained employeeswho havethe ability to
performany given operation of the organization.

CRP inservice organizations depends onfuture demandsto determinethe available
capacity, ability to trandate prediction into physica capacity requirement, develop
alternate capacity plansfor matching required and available capacities, anadysethe
economic effects of alternate capacity plans, analyse the risk and other Strategic
consequences of dternate plans.

2.3 FACILITY PLANNING: LOCATION OF FACILITIES

Why isfacility location so important?\What could happenif thelocation selection was
wrong?We have read in the Introduction that the Nano project faced losses even
before commercial production had begun. Moreover, the car was to have started
commercial productionin December 2008. Thishas not happened.

1. Solet usseewhat dl can happen to afacility whichis operating in animproper/
incorrect location.

(i) The company may have to close down its operations and liquidate its
assets. Inthat case,

(@ Locating buyersfor used equipment will bedifficult.

(b) Pricereceived for used equipment will be afraction of the original
investmen.

(i) Thecompany may relocateitsfacility, just likethe Tatashave done. But
thiswill involve:

(@ hugeexpenditurein shifting machinery, equipment, manpower, etc.
(b) timeand added costsfor taking new land lease/outright purchase,
registration, ec.
(iii) If the company continuesitsoperation a thewrong location
(@ It may accumulate losses.
(b) Competitorswith better locationswill havean edge.

(c) Thecompany will lose market share/customer goodwill.

Capacity and Facility Planning
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2. Name the short-term

Check Your Progress
What is capacity planning?

methods to vary capacity.

Name the long-term
methods to vary capacity.
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2. Locationfacility isanissuefor consideration either for
Starting anew facility or for
Starting additiond facility
3. Additiona or multiple facilities can be desired due to thefollowing reasons—
(i) Separatefacilitiesfor different products/services—e.g., Videocon has
different plantsfor itsdifferent products such aswashing machines, TVs,
refrigerators, microwaveovens, etc.
(i) Separatefacilitiesto servedifferent geographical aress—e.g., LPGfilling
plants acrossthe country to servedifferent locations.
(iii) Separatefacilitiesfor different processes—e.g., Separatefacilitiesto meke
pizzabase.
Inthissection, you will learn about the variousfactorsthat affect decisonsregarding
choiceof location. Thesefactorsare explained inthefollowing sections.

1. Proximity to Customers (Markets)

When the plant islocated near the customers/markets, the cost of trangportationis
low. Thisreducesthe product cost. Most small ancillary unitsarelocated near big
automotive factories. The OEMs (Origina Equipment Manufacturers) are the
institutional customers of small parts, components, or sub- assembliesfromthese
ancillary units. TheMaruti Joint Venture Complex at Gurgaon near the Maruti Suzuki
car factory is a good example of how proximity to the customer reduces the
transportation cost of auto ancillary units, which supply parts, components, sub-
assemblies, etc. for making the Maruti car.

Proximity to markets also allows companiesto meet sudden spurt in demand,
thusproviding an advantage over competitorswho arelocated at far-off places. That
iswhy wefind hospitas, schools, post offices, banks, insurance companies, etc. located
in highpopulation zones o that they areable to serve alarge number of customers.

2. Proximity to Raw Materials

Why aretheintegrated stedl plantsof SAIL located in Bihar, West Bengal and Orissa?
Thisisbecause of thelargepresence of iron ore, cod, dolomite and limestoneminesin
theseregions, whichare the basic raw materialsfor steel making. Proximity to the
source of raw materialsis animportant consideration for facility location, especidly if
theraw materialsare bulky, and huge shipping costswill beincurred in transporting
them. Whereit becomes absolutely necessary to transport them, it isfound that cost of
thematerid isequal to the shipping cost thus making the raw materialsvery costly at
the point wherethey are used.

3. Good Transportation Facilities

Good transportationfacilitiesare necessary for movement of goodsand people. Regions
near metro cities have thesefacilities, asthey have agood network of rail, ar, water,
and road transportation.

4. Availability of Power

Uninterrupted power supply isabasic requirement of most industries. Companies
haveto set up their own DG setsor have captive power plantsif they arelocated in



areaswith power problems. Thisincreasesthe cost of the product, besides additional
problemsof runningthe DG sets, captive power plants, etc.

5. Basic Amenities

Thelocation site should have certain basic fecilities like sewage system, piped water
supply, security, etc., that are managed by the local municipality. Roads up to the
factory premisesareawaysdesirable. If thesebasic amenitiesare provided, it will be
easier for the employees and they will bewilling to work inthat factory. Availahility of
housing facilities, schools, colleges, banks, post office, hospitals, etc. are added
advantagesfor locating afacility inanarea.

6. Government Policies

Reaxed taxation policies, excise duty exemption and variousother promotiona efforts
attract industrid activitiesin aregion. Pondicherry and Daman and Diu are declared
‘no sdestax regions and wefind that many companieshavetheir offices/warehouses
located there. Many state governments promoteindustria activitiesintheir regionsby
creating Industry Development Zones, Special Economic Zones etc. Thegovernments
of Karnataka, Andhra Pradesh, Tamil Nadu and UP have created software
development parks, where facilities such as high-speed Internet, servers, etc. are
provided to software companiesat subsidized rates. Agriculturegets maximum subsidies
from the central aswell as many state governments. Various processing plants of
agricultural and horticultural products located in these states can avail of these
advantages. Beforelocating afacility at a particular site, the government policiesof
that regionmust be considered.

7. Environmental and Community Consderations

Many sategovernmentshave strict environmenta policies, which haveto befollowed
by theindustriesoperating there. States such as Uttarancha do not give permissionto
suchindugtrieswhichreleasetoxic effluents Oppostion fromthe community regarding
the construction of aplant in their region can disrupt the whole project. The Sardar
Sarovar Dam project isan examplewhere opposition fromthelocas hasinterrupted
the congtruction of thedam over the Narmada.. Inthe Chipko Movement, started by
S.L Bahuguna, thelocalsembraced atree each, and did not allow the officialsto cut
thetreesand thereby eliminatethe forest. After the Union Carbidefactory disaster in
Bhopa somedecadesago, every new factory facesclose scrutiny onthe environmental
frontinthearea.

8. Proximity to Subcontractors

Small ancillary units manufacturing small components/sub-assemblies areimportant
for any new factory. Ancillary unitsand joint ventures set up their facilitiesnear the
OEM. The advantageto the ancillariesisthat it will reducetheir component cost. The
OEMstoo bendfit if they set up their facilities near these ancillaries. Maruti Suzuki set
up itssecond fecility at Manesar near Gurgaon (wheretheir first facility islocated) so
that it could take advantageof thesupplierspresent at the Maruti Joint Venture Complex
at Gurgaon.
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9. Availability of Cheap Land

Land isthe basic necessity for the construction of anew plant. Many big companies
et up therr facilitiesin backward areas because of availability of low-priced land.

10. Low Construction Costs

Construction costs of aplant may be low at aparticular place dueto cheap labour
availablethere. The construction materia may aso be cheaper at another place. Such
placesare preferred for locating aplant.

11. Availability of Cheap, Skilled and Efficient L abour

Many companies locate their facilities at places where there is cheap, skilled and
efficient labour. Many companiesare locating their branchesin South I ndiabecause
the people here are more disciplined, efficient and skilled.

2.3.1 Locating Foreign Operations Facilities

Globalization has made consumers expect the best products at the lowest prices
irrespective of wherethey are produced. So while considering thelocation of afecility
inaforeign country, inadditionto all thefactorslisted above, the following additional
factors should also be considered.

1. Cheap, Skilled and Efficient Labour in India

Many multinational companiesare locating their branchesin Indiabecauselabour is
cheap here and the people are more disciplined, efficient and skilled.

2. Trade Barriers

The Import Export Policy of the Government of I ndiaimposes somerestrictionson
theimport of certain goods. For somegoodsimport dutiesarelevied, which make
these productsexpensive in thelocal market. In such situations, foreign companies
overcomethesetrade barriers by producing the goodsinthat country locally.

3. Local Customers

If aforeign company hasalarge customer baseinacountry, it may bebeneficial for it
to gart operationslocaly inthat country. Thisway the company can servethe cugomers
better and take advantage of their brand loyalty.

4. Incentives

Toincreasetheinflow of Foreign Direct Investment, certaincountries provideindustrial
infrastructure, insurance, tax exemptions/reductions, interest —free/subsidized loans,
etc. toforegncompaniesthat arewilling to esablish operationsfacilitiesin their region.

5. Share Prices and Goodwill

Themarket valueof thefirm may soar asinternationd operationsare deamed pregtigious
by investors.

6. Operationsin Competitor’s Home

Initiating operationsat the competitor’shomecountry may a timesforce the competitor
to concentrate more on the home turf and wind up or downsize its international
operations.



2.3.2 Location Flexibility Capacity and Facility Planning

Therearecertain factors based onlocation, which affect theproductivity and profitahility.

o Availability of Raw Materid asinputs: Nearnessto the place of theraw materia
will giveadvantage on the trangportation cost, so that overdl profitability canbe NOTES
improved. Whentheraw materia isheavy or isconsumed in bulk, then plant
location hasto be nearer to theraw materid site.

o Nearnessto Markets: It reduced the cost of trangportation aswell asthe chances
of thefinished products getting damaged and spoiled on theway, especialy the
perishable products. Moreover, aplant being near to themarket can capturea
big market shareand render quick serviceto the customers.

o Trangport Fadilities: Depending uponthesizeof raw materid and finished goods,
asuitable method of transportation like roads, rail, water or air is selected and
accordingly the plant location isdecided.

o Availability of Labour: Stable and reasonable [abour force, governsthe plant
locationto amgjor extent.

¢ Availability of Fuel and Power: Themain sourcesof energy areeectrical power,
codl, ail, etc. Inthe case of power intensveindustrieslike steel manufacturing
units or continuous process industries like petrochemical and cement, the
availability of fuel and power will be one of the mgjor deciding factoriesin plant
location.

¢ Climate: Depending onthetype of industry and the productsthat are being
manufactured, thisisadifferent factor. For ingtance, inthe case of textile mills
climatic conditionswith adequate humidity isabasic essentid criterion. That is
the reason many textile mills have been put up in Bombay, Coimbatore region.

o Water Inindustriesliketextile dying, paper or chemicals, therequirements of
good quality water isone of thebasic requirement for plant location. Thewater
isrequired for processing or for effluent rejectioninto theriversor specifically
for wastedisposal.

o Government Policies: The central and state governments may declare many
taks ashackward and give numerous concessonsliketax holiday, uninterrupted
power supply, capital subsidy, easy availability of loans, etc. for balanced
development of regionsinthe country.

o Land: Topography, area, the shgpe of theste, cost, drain age and other facilities,
the probability of floods and earthquakeswill influence the selection of the
location.

e Community Attitude: Industrieslikematches, crackers, hosiery and lesther have
flourished because of the positive and accepting attitude of the community.

e Housing facilities
e Security

o Existence of other infrastructure and service facilitieslike hospital marketing
centres, schools, banks, post offices, clubs.
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2.3.3 Location Decision Process

Let usnow learnthe variousstepsin location planning. The processof decidingonthe
fecility location, beginsby listing thevariouslocation options. Thenthe advantagesand
disadvantages of eachlocation areidentified. Thesearethen compared withthelist of
factorsthat are necessary for that particular industry —e.g., the essentia parameters,
or the factorsthat would be of advantageto that particular industry, etc. Theneach
location optionisscreened using variousmodelsand the locationsare rated according
to these models. Based onthe outcome of thisexercise, the most suitable locationis
chosen.

Various methods’ models are used nowadaysto determine the most suitable
location. Wewill learntwo important methods here.

Techniques of Factor Rating and L ocation Rating

Thisisthe smplest method for arriving at the best location. Inthismethod, two types
of ratingsaregiven:

1. Everyfactor that isrelevant to theindustry is given arating between 1 and 5.
Thesefactorsarerelevant to theindustry, irrespective of thelocation. Thisis
caled Factor Rating.

2. Every factor that hasbeenlisted in (1), isgivenarelative rating between 1 and
5 for each of the locations proposed to be selected. Thisis called Location
Rating.
Wewill learnhow to usethesetwo ratingsto arriveat the best location, by means of
anexample.

Example 3

M/sIndianal eathershasidentified threelocations, Kanpur, Noidaand Lucknow, to
st up aleather goods manufacturing facility. The factor ratingsand locationsratings
have been given. Arrive at the best location using the Factor and Location Rating
methods.

Factor Location Rating
Factor rating Kanpur Noida Chennai

1 Proximitytomarket 3 4 6 3
2 Proximitytorawmateria 5 10 5 4
3 Transportation facility 4 9 10 5
4. Bascamenities 2 6 7 6
5 Acceptance of leather factory by locals 4 8 3 7
6. Availahility of cheap land 3 7 2 8
7. Low construction costs 1 5 1 6
8 Easyavailability of cheapand skilled labour 3 3 8 4
Factor ratingsare1to5 - 5 highest
Locationratingsare1t010 — 10 highest
Solution:

For eachlocation find the product of factor and locationratings. Add them up for each
location. Thelocation having the highest product will be thebest location.



Product of factor and location ratings Capacity and Facility Planning

Factor Kanpur Noida Chennai

1 © 18 9

2 50 5 20 NOTES
3 b o] 20

4 © 14 1

5 K 12 2

6 21 6 24

7 5 1 6

8 9 24 1

Total 177 140 131

The highest score isfor Kanpur. So it isthe best location.
Example4

M/sVignesh Stedsintendsto set up arolling mill toroll different grades of high carbon
stedls. Potentia locations selected by the company areAlipore, Bhatindaand Calicui.
Thecog gructuresfor each of theselocations are shown below. Theproduct isexpected
to sell at ¥ 130 per kg.

(@ Findthe most economical location for an expected volume of 6000 kgs per
year.

(b) Expected profit at that location.
(c) For what output isthe rangeineach location best?

FC VC/Kg
Alipore 150,000 75.00
Bhatinda 200,000 50.00
Cdlicut 400,000 2500
Solution:
Find the variable cost for producing 6000 kg. Then add the fixed cost and variable
cogt to arriveat thetotal cost.
FC VC/Ton VCfor 6000Kg TC(FC+VC)
Alipore 150,000 7500 450000 600000
Bhatinda 200,000 50.00 300000 500,000
Cdlicut 400,000 2500 150000 550,000

(@ Theplace having theleast total cost for the volume of 6000 kg isthe best location.
Inthisexample, itisBhatinda.
(b) Sdling Price=130x 6000= 780000
Profit = Sdling Price—Totd cost = 780,000—500,00 = 280,000/ year
(c) Makeatahlefor outputs1000,2000,3000,4000,5000,6000,7000,8000 units/ year for
each location.
For example, for Alipore, FC = 150,000.
Qty 1000 2000 3000 4000 5000 6000 7000 8000
VC 75000 15000 225000 300000 375000 450000 525000 600000

Self-Instructional Material 35



Capacity and Facility Planning

NOTES

4.

Check Your Progress

Fll in the blanks with

appropriate words.

() Companies
manpower during
periods of high demand
and lay off during
periods of low demand.

(b) When the plant is
located near the
customers/markets, the
cost of transportation is
low. This reduces the

cost.

(© and Daman
and Diu are declared 'no
sdles tax regions.

(d) cost includes
capital expenditure land,
building manufacturing
and equipment.

State whether the following

statements are true or false.

(8 The capacity of a
company depends on
the buyers and the
sellers.

(b) In the Chipko
Movement, started by
S.L Bahuguna, the locals
embraced atree each.

(c) Fixed cost includes raw
materid, labour, etc.,
which are directly
involved in the
production process and
are proportiona to the
volume of production.

(d) Capacity is usualy
specified in terms of
available hours, either
for machines or Iabour.
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For Alipore, breakevenisreached at 2000 T production. Why?

You canaso draw the graph with Qty on X-axisand cost on Y-axis. The point
wherethelinesof Fixed cost and Variable cost meet isthe breakeven point.

Similarly calculate/ draw for the other locations.
2.3.4 Location Decision for Warehouses

Warehousing playsacrucial roleinthetotd distribution design.

Supposeafirmdoesnot ownany warehouses. If itsfactory islocated far from
itssuppliesof raw materids, theinbound transportation costswill be very high. Also
longer delivery timesincrease the chances of meterial shortagesfor production.

If thefactoryislocated far fromitsretal Sores, thentransportation costsincurred
in shipping fromthe plant to theretail stores (outbound transportation costs) arevery
high. Theddivery timesincreasethe chance of out of stock situations, which reduces
thelevel of customer service.

Inboth thesituations, the presence of warehouses, both closeto the marketsas
well ascloseto thefactory, can provide quick and efficient functioning of thefactory
aswell asddlivery to retall stores.

Supposethat thefirm owns saveral manufacturing plants, which produceavariety
of products. Inthe absence of awarehouse, the company’sdistribution systemwould
look likein Figure 2.1.

Plant A Retail store 1

Product 1

Plant B Retail store 2
Products2 & 3

Fig. 2.1 Didtribution System

Rather than ship small quantities of each product directly from the plantsto retail
stores, a warehouse can be used for consolidation of orders, as shown below. The
economic advantage of such asystemisthat it is often cheaper to ship in truckload or
wagon load quantitiesthan in small quantities. Productivity isincreased, sincetransport
vehicles are used moreefficiently and unit costs are reduced.

Plant A Retail store 1
Flart A \ WAREHOUSE /
(Products 1,2& 3) \
Plant B / Retail store 2
Products2 & 3

Fig. 2.2 Warehouse Distribution

Thelevel of customer service also varieswith the number of distribution centres.
Many different productivity measures can be used to eval uate customer service. Common
among these are:



o Theaverage order processing time (the time between receipt of anorder at
thewarehouse and its shipment)

o The percentage of shipmentsdelivered within x daysof order receipt
o The percentage of orders that are accurately filled
o The number of damaged items

The managersresponsible for location decisions must therefore make decisions
depending to a large extent on the overall goals and objectives of the firm and their
customer service policies.

2.3.5 Facility Design Process and Techniques

Thefacility design process consstsof thefollowing 5 steps:
1. Defining thelocation objectives and associated constraints
2. ldentifying the rlevant decision criteria, whichmay be Quantitativeor Quditetive
3. Relating the objectivesto the criteriausing appropriate modelslike
e Economicscost modds
e Break Evenandysis
e Linear Programming
e Quadlitative Factor Analysis

4. Doing researchto generate relevant dataand use the modelsto evaluate the
aternatives.

5. Sdectingthelocationthet satisfiesthecriteria
Techniques used for facility location:

The following factors are observed

a. Industry Precedence— Succeedence Technique

e Thebasic assumptionisthat if thelocation isbest for many companiesinthe
sameindustry, thenit holdsgood for anew company too. Thereisno need
for conducting detailed location study since the locations choiceis subject
to the Principle of Precedence’.

b. Preferential Factor
e Thedecisonisdictated by persona factor, individual preference
¢. Dominant Factor

e Thisdependsonthe availahility of raw material, for example Cement, Oil
exploration, Mining industries. And to existence of good infrastructure and
skilled personnel

Now, for evaluating qualitative factors, thetechniquesused are Factor Ranking and
Factor Weight Rating.

2.3.6 Location Break-Even Analysis

The economic comparison of location alternativesisfacilitated by the use of Cost-
Volume-Profit analysswhichisaso known as‘Location Break-evenAnalyss . The
graphical approachwill help you to understand the concept asit providesanindication
of theranger over which one of the alternativesissuperior to the others.
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Fixed Cost: Capital
expenditure land, building
manufacturing and
equipment

labour, etc., which are
directly involved in the
production process and are
proportional to the volume
of production

Variable Cost: Raw material,
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Fig. 2.3 Location Break Even Analysis

The procedurefor the location break even analysisinvolvesthefollowing steps.

(i) Determining thefixed cost and variable costs associated with each location
dterndive.

(i) Plottingthetota cost linesfor dl location dternatives onthe same graph.

(i) Determining thelocationthat hasthelowest total cost for the expected leve of
output.

In the case of urban location, the initial fixed is very high and the variable cost is
comparatively low. Inthe case of rural location, theinitial cost islow but thereisan
increaseinthedope, whichisdueto the high variable cost. The semi-urban location
cost will be somewherein between.

Hence, if thevolume (i.e. annua output) islow, then we can select therural
locationsfor the purpose of establishing thefactory. If thevolume liesbeyond apoint,
we can choose the urban centrefor locating the plant. If theannua output liesbetween,
it is better to locate the factory in a semi-urban area so as to reap the maximum
benefits.

2.4 SUMMARY

o Capacity planningisthe process of establishing the capacity needed to produce,
by an organization for fulfilling thefluctuating demands of itscustomers. With
referenceto capacity planning, ‘ capacity’ isthegreatest amount of work that an
organization can performin aspecific time.

e Themost significant purpose of capacity planning isto bring down cost and
increase productivity.

o Fadility planning establishesthe manner inwhich an activity' stangiblefixed assets
offer optimumsupport to achieve the activity’ sobjective. Thiscomprisesactivities
likefacilitieslocation, facilitiesdesign, facilitieslayout, etc.



¢ Thelocation of afacility meanstheway it isplaced with reference to customers,

sdlersand other interfaces. |n addition, thelocation also includesitslocation
and adaptation onaparticular piece of land.

2.5 ANSWERS TO ‘CHECK YOUR PROGRESS

1.

2.

3.

4.

5.

Capacity planning isthe process of identifying the capacity of aproduction unit
that isrequired for producing so asto meet the current and future demands.

Short-termmethodsto vary capacity are: inventories, labour, processredesign,
subcontracting and maintenance.

Thelong-termmethodsto vary capacity are: capacity expansion and capacity
contraction.

(8 hire

(b) product

(c) Pondicherry

(d) Fixed

(8 Fase

(b) True

(c) Fdse

(d) True

2.6 QUESTIONS AND EXERCISES

Short-Answer Questions

1.
2.
3.

4,
5.

What factorsaffect capacity planning?

Writethe long-termmethodsto modify capacity.

What arethe basic amenitiesthat determine the decisionsregarding choice of
location?

Define the break-even volume.

Give somecommon productivity messuresthat can be used to evauate cusomer
srvice.

Long-Answer Questions

. Explainthe significance of capacity planning.
. Writeanote on capacity requirement planning processfor manufacturing and

sarviceindustry.

. Discussthefactorsthat affect decisonsregarding choice of location of facilities.
. List and define the factorsthat should be considered while locating foreign

operationsfacilities.

. Explainthelocation-decisonprocess. Withthe help of anexample, demondrate

the processof arriving at the best location using the factor and location rating
methods.

Capacity and Facility Planning
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3.0 INTRODUCTION

At itscore, production process planning isthelifeline of any production process. It is
aimed at minimizing production time and expenses, proficiently systemetize the use of
resources and make best use of efficiency in offices.

Production process planning comprisesof anarray of production basics, ranging
from the routine activities of employees to the capability to comprehend precise
distributiontimesfor the customer. With an effectua production processplanning a its
core, any typeof production processhasthe potential to make useof itsfull capability.

The association between process design and productionisthat of planning and
execution. Processselection choices decide the nature of productiveto be used and
the suitable duration of that process.

Thetaste of food depends not only ontheingredients, i.e., the raw materids,
but also ontheway it iscooked, i.e. the process. So, what isaprocess?A processis
aseguenceof stepsthat transformsinput into output, addsvalueto it, and convertsit
into aformthat sdllsinthe market. It mergesinput from the market environment and
the organization’s own technological base into aneconomicaly efficient productive
activity.

Production
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Every processhasitsown set of objectives, whichinvolvesaworkflow cutting
acrossdepartmental boundariesand requires resources and information from severa
agencies, suchasmarketing, R& D, operations, tc. It also requirescoordinaiionamong
many agenciesin order to churn out the products of the organization.

Althoughasignificant level of automation hasbeenimplemented inmany factories,
human beingstill control alarge part of the manufacturing process. Clearly, personnel
also need to be ‘managed’. The workplace has people of diverse cultural and
educational backgrounds. This, iscoupled with the organization'sobjectives, warrant
aclear definition of jobsfor the workforce so that maximum productivity ispossible—
inadditionto the highest levels of quality, service and responsiveness. Also, the job
should be safe, satisfying and motivating to theworker.

Thisisachieved by aconcept called work study. Thisunit defineswork study,
satesitsobjectives and the techniques of measuring work/output.

3.1 UNIT OBJECTIVES

After going through thisunit, you will be ableto:
¢ Discussthedesign, selectionand classification of processes
o Explain processdesignand selection
¢ Definework study and explainitssignificance
¢ Evauatethemethodsand evolution of standard normal time
o Assesstheconcept of job design

3.2 PROCESS — DESIGN, SELECTION AND
CLASSIFICATION

We know that a process involves the use of organization’s resources to provide
something of valueto the customer. No product can be made nor canaservice be
provided without aprocess, and vice versai.e. no process can exist without at least
one serviceor product.

Anorganizationis as effective asits processes. Every processisdesigned with
afocusonthe’customer’. Some customersareexternd, i.e., they arethe buyersor
end usersof the firm’sfinished products and services. Other customersare ‘internal’
i.e., they areemployees or processeswhichrely ontheoutput of the present process.

Every process has an internal and external supplier. External suppliers are
businesses or individuals outside thefirm, who provide the necessary inputsfor the
firm’'sneeds. Internal suppliersare within thefirm, who aso providetheinputsfor a
particular process'sneeds.

So far we have learnt that aprocess decides how theinput will be converted
into output. We have dso learnt that it isacross functional effort and that the success
of thefirm depends on the performance of itscore and supporting processes.



Inthissectionyou will learn about the various waysin which processescan be
categorized.

3.2.1 Classification of Process on the basis of Number of Steps
Intheir smplest form, processes can be categorized on the basis of the number of
stepsthat they follow.

1. Single Stage Process

A singlestage processisonein which theinput goesthroughasinglestage. This
system is too simplistic and is not found in the industrial scenario.
(Fgure3.1)

INPUT .| PROCESS .| OUTPUT

» »

Fig. 3.1 Sngle Stage Process

2. Multi-Stage Process

A multi-stage process has several stepsor stages and theraw material flows
through these steps in a particular sequence to give the fina product.
(refer Figure 3.2)

INPUT STAGE-1 STAGE-2 —»| STAGE-3 —» OUTPUT

A 4
\ 4

Fig. 3.2 Multi-stage Process

Before we study further, let us understand some commonly used termsin thistopic.

(i) Buffering: Thisrefersto the storage activity betweentwo successve stages.
When the output at one stageisstored for sometime before it passesover as
input to thenext stage, it iscaled buffering. It helpstwo consecutive stagesto
be decoupled or delinked so that if one stage breaks down, for sometime at
least the successive stage can continue working using the buffer stock.

(i) Blocking: When the buffer becomes so high that thereis no more placeto
stock, the production of this stage has to stop. Besides lack of space,
management candecideto block production of astage for some other reasons.

(i) Starving: If activities of astage haveto stop becausethereisno output of the
previous sage available, it iscaled starving.

(iv) Bottleneck: Consider aprocessof two stages:

\ 4

Stage 1 Stage 2

Let theoutput of Stagel be 8 units per hour and theinput for Stage 2 be 6 units
per hour. What will happen? Every hour, 2 unitswill be added to the buffer
stock. This will continue till a stage is reached when it is decided to stop
production of Stage 1.
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Ontheother hand, if theinput capacity of Stage2 is 10 unitsper hour. Then
what will happen?Every hour, Stage 2 will remainidle or starvefor sometime
sinceit receivesonly 8 units per hour, against its requirement of 10 unitsper
hour.

Boththese situations are called bottlenecks because they limit the capacity of
the system. The capacity in such processes becomesthe capacity of the dowest
stageinthe process.

(v) SimultaneousActivities: Often aprocess contains several stages that act
simultaneoudly. They are represented as shownin Figure 3.3.

»
>

Stage-1

Output

Input

Stage-2

A 4

Fig. 3.3(a) Smultaneous Activity

Thisisonekind of smultaneousactivity. Another kind of smultaneousactivity is
where different products are produced.

4

Stage-1 » Output-1

Input

y

Stage-2 Output-2

A 4

Fig. 3.3(b) Smultaneous Activity

3.2.2 On the Basis of ‘Made to Sock’ or ‘Made to Order’

Another way of classifying processesisto say whether the processesare‘Madeto
Stock’ or ‘Madeto Order’.

1. Ina'Madeto Order’ process, production startsonly when an order isreceived.
The company produces the goods as and when the order isreceived. Typical
examplesare making of an aeroplane, activitiesin afast food restaurant, etc.

2. Butina‘Madeto Stock’ scenario, the manufacturer makes the goods and
pushestheminto the market inanticipation of sale. Theconsumer durablegoods
industry works predominantly in thismethod.

However, nowadays, most of the activitiesare‘ hybrid', i.e., theprocessesare
part ‘Made to Order’ and part ‘Made to Stock’. A generic product is made and
socked at some point aswork in progress. Thisis‘Madeto Stock’ . Asand whenan
order isreceived, these generic unitsarefinished in afina processand it then becomes



a‘Madeto Order’ product. We seethistypically in any restaurant. Theingredients
(chutneys, gravy, rice, dough, etc.) are prepared and kept ready. Asand when the
customer order isreceived, theingredientsare mixed appropriately, heated and served
to thecustomer. Similarly, an automobiles manufacturer makesthe cars. Asper the
customer’srequirements, thefittings such aswhed caps, mirrors, seat covers, etc. are
fitted and delivered to the customer.

3.3 PROCESS DESIGN AND SELECTION

Planning for manufacturing begins with an idea and proceeds through product
development. A commonway of defining aproduct isby drawing it. Inan assembly
drawing, theindividual componentsof aproduct and their relationshipsto oneanother
areshown. Detailed engineering drawings provide the necessary technical specifications
for in-house manufacturing personnel, as well as for purchasing agents who are
authorized to procuretheitemfromavendor. Such drawingsareaso ussful for ingpecting
finished partsto determineif they confirmto specifications.

A partslig isthen made. Thisprovides detailed technical informationthat isnot
found in anassembly drawing. A partslist includes such information as part numbers,
names, whether the part ismanufactured or bought, and adetailed engineering drawing
number. Partslist aso contains parts dimensions, material specifications, and other
manufacturing informetion.

Drawingsand partsliststogether determine what materialsand machinesare
required. Asconsumers, we often find assembly drawings packed along with assembly
ingtructionsfor aproduct which needsto be assembled by the consumer.

3.3.1 Parameters of Process Design and Process Selection

Process selection depends on avariety of economic, quantitative and quaitativefactors.
The most suitable production processisthe onewhich meetsthefollowing criteria:

1. All specificationsfor the product are met while maintaining adesirable quality
standard.

2. Thecost of production isfeasible to produce the product.

3. Theprocessissugainable, i.e., itisdependable to producefor the estimated
duration.

4. All environmental and government regulationsarefollowed.
3.3.2 Competitive Priorities

Every processmust possess certain critical dimensions, which will helpto satisfy its
internal and externd customers, now and inthefuture. Thesecritical dimensonsare
caled Competitive Priorities. Thefour mgjor competitive prioritiesof any firmare:

1. Cog
2. Time
3. Qudity
4. Hexibility
Let usunderstand each of thesein detall.

Production
Process Planning

NOTES

Self-Instructional Material 45



Production
Process Planning

NOTES

46  Self-Ingtructional Material

1. Cost

Lowering costswill increase demand and sdleswhileincreasing cost will improve
profits (as profit addition becomes possible) but will eat into sales. So the
organization needsto arrive at aprocesswhereinthe cost isthe most optimum.
Thisisarrived a by saveral methods such as processredesign, scrap or rework,
workforce optimization, automation, etc. Firms should aimto achieve‘Low
cost operations, i.e., produce goodsand services at thelowest possible cost
to the satisfaction of thefirms' internal and external customers.

The efficiency of a production processis determined by itsahility to produce
therequired quality and quantity at the minimal costs. Thisis best achieved
when the products are produced in large volumes. But againthe decisionon
volumesto be produced isbased on the demand for that product inthe market
and sdlesestimation fromthe marketing department. Depending onthevolume,
the management must select the processthat ismost feasiblefor producing the
required volume of therequired qudlity at theleast cost.

. Time

Timeismoney. Themoreacompany delaysin giving out itsddiverables, more
doesitloseintermsof customers, goodwill, demurrages, etc. Processes should
be so designed that the product reaches the market at the quickest possible
time. Thisispossble only if the managers carefully definethestepsand thetime
needed to deliver aproduct or service, and then analyse each gep to determine
whether or not they can savetimewithout reducing quality. Processtimeisvita
inthefollowing stuations—

(i) Deliveries: Thetime taken to deliver and order from the moment the
order isplaced iscalled delivery lead time. Companiestry to reduce lead
time asmuch as possible by improving processes, reducing delaysinthe
process, removing buffers, etc. The consumer demand and expectation
fromaproduct inthe current market scenario changesquickly. If thereis
adelay inthe product reaching the market, consumers may shift to other
brandsor purchase acompetitor’sproductsthet areavailableinthe merket.
The demand for the product will thenfall. So it iscritical that the right
production processis chosen so that the product can reach the market
withinthe stipulated time frame. On-time ddliveries(i.e., meeting delivery
time promises) has become an important parameter for judging the
effectivenessof servicessuch asarlines, railways, etc. Dominos, the pizza
chainisconstantly improving processes so that it can deliver within 30
minutes of placement of order!

(i) Product Development: Inthisrapidly changing business environment,
getting aproduct to the market first, ahead of the competitors’ hasmany
advantagesfor afirm. Time taken between ideageneration and product
development should beaslittleaspossible. Processes selected should be
suchthat the process of product development isfast, accurateand efficient.



3. Quality

Quality means conformance to customer’srequirements. Consstent quality
meansthe ability of afirmto produce the same set of goods consistently, meeting
the prescribed specificationsevery time. Processselected should be suchthat it
producesthe goods and services of the same specifications every time, under
identical conditions. Wewill read moreabout quality in the succeeding units.

Volume and variety of the productsto be produced issignificant. If thevariety is
more but thevolumesare lessthan the variety, management must try to reduce
fixed costs eventhough thevariable costswill rise on account of morevariety. |f
therequired volumefor the product to be produced ishigh and the variety is
less, fixed cost can rise but variable costswill not be very high.

4. Flexibility

Flexibility meanstheability of afirmto react to the customers' changing needs
quickly and efficiently. Hexibility can beintermsof changing volumes, changing
vaietiesor customization.

(i) Volume flexibility: Volume flexibility is most common and involves
acceleration or deceleration of the rate of production to take care of
fluctuationsin demand. It often supportsother competitive prioritiessuch
asdelivery speed or development speed. Processes must be so selected
that they can handle variation involumes quickly.

(i) Variety flexibility: Variety flexibility means the ability to handle an
assortment of productsefficiently. Processeswithvariety flexibility should
be ableto focus on the needs of the customers and efficiently shift their
focusacrossavariety of productsand services.

(i) Customization: Cusomizationisdightly different fromvariety flexibility
inthe sense that customization refersto the unique needs of aspecific
customer. Such productsare usualy ‘tailor made’, i.e., they cannot be
sold elsewhereinthe market; they are more expensive and generally have
longer lead times. A processthat hascustomization priority should be able
to work closaly withitscustomersand satisfy their unique needs.

We can say that thereisnothing like abest production processthat should be
followed. We should arrive at the best production process by considering various
options and adopting the most suitable ones, under the given circumstances. Theright
choice would be to choose a process that meets the maximum specifications and
congraintswithinthe cost permissible, keeping competition into consideration.

3.3.3 Adoption of Appropriate Technology as per Market
Requirements

When an entrepreneur decidesto manufacture aproduct or deliver aservice, hefirst
needs to select an appropriate technology for the same. A consideration of the
competitive prioritiesisauseful strategy to trandate the goas of the company to the
level of the processesthat actually do the work. We have aready learnt that in a
business transaction, competitive prioritiesreflect what external customer considers
important. Thisisessential, because afirmhasto not only retainits current business
but win future business. Appropriate competitive priorities must be assigned to the
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firm'scoreand supporting processesthat not only reflect theneedsof externa customers
but of internal customersaswell, and a the sametimehelpit to sustaininthe market.

To get abetter understanding of how competitive priorities are used, let us
study the servicesof anairline. Wewill consider two market segments: (i) first class
passengersand (i) economy class passengers. The core servicesfor boththese market
ssgmentsarethesame: ticketing and seat sdection, baggage handling and trangportation
to thecustomer’sdestination. However, the peripherd servicesfor thesetwo categories
arequitedifferent.

Afirg class passenger gets(i) ahigher baggage dlowance; (i) separateairport
lounges, (iii) preferred treatment during check-in, boarding, and deplaning; (iv) more
comfortable seats; (v) better meals and beverages; (vi) ahigher level of personal
attention (by cabin atendantswho addressthem by name) and courtesy; (vii) frequently
attended to—at ahigher price, of course. All these add to the fedling of being special.

Economy class passengers, onthe other hand, are satisfied with standardized
sarvices, courteousflight attendants, and low prices.

Both market segments, however, expect theairlineto keep to its schedulesand
perform on-timeevery time. Therefore, we can say that the competitive prioritiesfor
thefirst class segment istop quality and on-time delivery, whereas the competitive
prioritiesfor the economy class market segment arelow cost operations, consistent
qudity, and on-timedelivery.

Theairlineknowsitsmarket ssgmentsaswaell asitsrequirements. Thejobis
now to correlateits capabilitieswith customer requirements. Theairlinecannot adopt
the same parametersfor both segments. Serving athree-course meal to an economy
classtravdler isnot going to please imsince heislooking for low cost travel. Smilarly,
afirg classtraveller will not liketo wait in queueto board the aircraft.

Thissituation isthe same for any other manufacturing organization. Every
organization, whether amanufacturer or aservice provider, needsto first andyseits
core processes. Thecommonly consdered core processesare customer relationship,
new service/product development, order fulfilment, and supplier relationship.

Every coregenerdly process has many nested processes withinit; for example,
customer relationship would mean top quality/consistent quality, timeliness, variety,
etc. New service/product development would include customization, speedy
development, and so on. Order fulfilment would includelow-cogt operations, on-time
deliveries, etc., and supplier relationship would include quality, ddlivery, variety and
low codg.

Competitive prioritiesare assgned to each core processin order to achieve the
servicelevelsrequired to ensure complete customer satisfaction.

We can say that thereisnothing like abest production processthat should be
followed: we should arrive & the best production processby considering dl theoptions
and then adopting the most suitable one, under the given circumstances. Theright
choice would be to select a process that meets the maximum specifications and
congtraintswithin the permissible cost, and keeping competition in consideration.



3.3.4 Process Design

The next step is Process Design. It refers to the selection of inputs, resources,
workflowsand methods needed to transforminputsto outputs. Processdesign decision
also dealswith the mix of human skills and machinesand which processesareto be
performed by whom. Decision about processesmust be consstent withthe competitive
prioritiesof thefirmand thefirm’sability to obtain the resourcesnecessary to support
them. Besdesthese parameters, process design decisonsalso takeinto account other
choices suchasquality, capacity, layout and inventory.

The objective of processdesignisto determine how the physical resourcesof a
firm can be best organized; for example, one way of describing afactory isintermsof
unitscalled work centres. A work centre can be asingle machine or group of mechines
inonelocation, agroup of workerswho performasimilar task or closdly related set of
tasks (suchasonanassambly ling), or aset of different machinesthat function together
to perform aset of operations on one or more products.

Product design dso affectstheflexihility of afirmto adapt to changesin product
mix or volume, the amount of control required in planning and scheduling and avariety
of work forcereated management issues.

The next stageisProcesstechnology. It refersto the processof determining the
methodsand equipment needed to manufacturethe product. It isanessential component
of theorganization'smanufacturing strategy.

3.3.5 Process Selection

Process design and processtechnology determine process salection. Thelatter isthe
way by which processes must be selected such that it meetsthe competitive priorities
of thefirm, viz. Cogt, Time, Qudlity and Hexibility and isalso ableto meet thefinancial
and other constraintsof thefirm.

Theissuesinvolved in process selection can be classified under two headings-
1. Technicd
2. Managerid
Technical issuesin process selection
They includethefollowing:
(i) Thevolumeand variety of theproductsrequired
(if) Specification of equipment for converting inputsto outputs
(iii) Thephysical transformation of materials— i.e., how the processworks
(iv) Rateof output required and therate of output that the process can achieve
(v) Short termand long term economicsof the process
(Vi) Ability of the processto meet design specificationsand achieveconastent quality
(vii) Reliability of theprocess
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Managerial issuesin process selection
They includethefollowing:
(i) Anticipating and Mistake proofing—meaking alist of thingsthat can go wrong
(i) Edimeating manpower requirement
(iii) Training manpower
(iv) Work studies
(v) Maintenancerequirements
(Vi) Simulation—to study how the processreactsto change
(i) Assessment — Can the process meet strategic goals and objectives and also
givethefirmacompetitive edge?
(viii) Compatibility —Isit unique or compatiblewith other existing productsin the
market?
Technical and managerial issues need to be considered in making processdecisons. A
narrow technical perspective can often lead to operating problems. When Apple
Macintosh introduced the personal compuiter, it was acknowledged that the 32-bit
processor and high-resolution graphics capability was superior to that of theexisting
products of thetime. But itsmgor drawback wasthat it was not compatiblewiththe
existing applicationssoftware. Hence, it could not succeed. Ontheother hand, having
good manageria abilitiesbut atechnically weak product to sell canalsoresult infailure

of theorganization. For an organizationto be successful, Process-sdection decisions
must incorporate both technical and manageria viewpoints.

3.4 PRODUCT-PROCESS MATRIX

Check Your Progress

What is asingle stage
process?

What are the four major
competitive priorities of
any firm?

What are the parameters of
a product-process matrix?
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Thereisno one method for selecting aproduction process. The production method
sl ected should be such that it blendsthe marketing and manufacturing strategies.

Every method hasits own prosand cons but the technology or method selected
should beableto fulfil thefollowing objectives—

e Minimizecost
e Maximizeoutput
¢ Provideconsstent quality

A Product-Process Matrix determines how the appropriate technology or
manufacturing process must be selected. The matrix has three parameters
(seeFigure3.4).

1. Volume
2. Product design
3. Process
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Fig. 3.4 Product-Process Matrix

The abovematrix showsthat thereare several process choicesfor a product.
Thismeatrix can be gpplied either to the entire manufacturing process or to one specific
sub-process withinthe manufacturing process.

Fromthe above matrix, we can seethat the number of varietiesrequired to be
produced and the volume of each variety influencesthe choice of production method.
High product variety requires highly skilled labour, well-equipped and adaptable
machines and good amount of planning and controlling. So Job or Batch processis
suitable. Low product variety and high volumes requires low skilled labour, high
automation and somewhat lesser planning and controlling. So Mass or Process
Production sysemmust be selected.

It isalso possible for acompany to choose another position onthe matrix. For
example, suppose HondaM otor Company announcesaredesign of itsassembly lines
so that any model can be produced. T his redesign will mean that with moreflexible
lines, it will not be ableto produce at thehigh volumes produced eerlier. Thissituation
of lower volume with higher variety of products correspondsto ahorizontal move
from Line Processto Batch Process.

3.4.1 Process Selection With PLC Phases

Sincefixed and variable coststend to differ from one production processto another,
economic analysisisused for comparing aternative processng plansfor the production
of products. When deciding among thetypes of production processin organizations,
it isimportant to consder the cost of each dternative. Capital costsarefixed charges
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that occur every month. Thefixed costsaregreater whentheinitial cost of equipment,
buildings and other fixed assetsare high. The variable costs—the costswhich vary
with the volume of products produced in each month are aso different for different
formsof production processing systems. Theamount of capital required for eachtype
of processdesigntendsto bedifferent.

Automated assembly line hasthe highest fixed cost asit conssts of expensive
robotics, computer controls and fixed-position material-handling equipments. Onthe
other hand, thevariable cogts, (Iabour, materid and variable overhead) for theautometed
assembly lineistheleast.

Thefixed costsand variable costs of cellular manufacturing are intermediate
and for thejob shop, thefixed costsare very low and the variable costsare very high.

Hence, if capital availability is not afactor and annua production costs (sum
of fixed costsand variable costs) are the predominant factors, the preferred process
design dependson the production volumeof the product.

3.4.2 Process Simulation Tools

Simulation modeling hasbecome apotential technology that isbeing used for avariety
of operations management gpplications. Many technology driven companiesrely on
useof smulationto test new ideasand options before actual implementation of their
ideas. It ispossible to model and analyze the process and quantify and observe the
behavior. Whether the system is a production line, a distribution network or a
communications system, simulation can be used to study and compare alternative
designsor troubleshoot existing operations. With smulation models, it ispossibleto
explicitly visualize how an existing operation might performunder varied inputs, and
how anew or proposed operation might behave under same or different inputs. The
ability to eadly congtruct and executemodelsand to generate statisticsand animetions
about resultshasbeenthe mainatractionsof smulation. Themodern Smulation software
iswindows-based, requires no programming, and hence, much easier to be learned
by operations and production managers, who could then useit for avariety of daily
operational issuesincluding feasibility studies, detecting bottlenecks and process
improvement. Application areasfor smulation are practically unlimited. Smulation
models are used for creation of workflows, layout, design, allocation, resource
management, process change.

For example, in the area of customer service, simulation can be very helpful.
Customer serviceisthe ability of an organization to constantly and consistently give
the customer what they want and inatimely fashion. Customer service processes can
betelephonic services(cdl centers), service factories (restaurants), hospitals or retail
stores. Simulation of customer service processes demonstratesaunique challenge
because both the flow objects and resources are humans. Humans have much more
complex and unpredictable behavior than products. Simulation modeling helps
companiesnot only to find thebest waysto improve customer satisfaction level without
disrupting the current customer service processes but also it helpsto see different
aspectsof customer service such as process flow, communication with customers,
handling problems, and resolution of the problems and feedback.



Productivity

Productivity growth depends onfinding better waysto produce goodsand services.
Simulation modelsare designed to mimicthe process (or system) under study. Thus,
the analyst has accessto all variablesand their valuesat any instant of timeduring the
smulation. Some common approachesto productivity improvement areidentification
and removal of bottleneck inaprocessor operation, reducinginventory and work-in-
process, and reducing cycletime

3.5 WORK STUDY: DEFINITION AND SIGNIFICANCE

Work study means study of humanwork. British Standard 3138: 1969 defined work
study as, * A management service based on those techniques, particularly method
study and wor k measurement, which are used in the examination of human work
inall itscontexts and which lead to the systematic investigation of all the resources
and factors which affect the efficiency and economy of the situation being
reviewed, in order to effect improvement.” This means that it is a procedure for
understanding and determining the activities of the people, plant and machineries,
identifying the factorswhich affect their efficiency and achieving economy through
their optimumutilizetion.

Work study isageneric termfor two inter-dependent techniques, i.e., method study
and work measurement.

In the same British standard, method study has been defined as ‘... the
systematic recording and critical examination of thefactorsand resourcesinvol ved
in existing and proposed ways of doing work, as a means of developing and
applying easier and more effective methods and reducing costs . Method study,
therefore, isconcerned with the way in which thework isdone.

Work measurement isdefined by the same British dandard as* Theapplication
of techniques designed to establish the time for a qualified worker to carry out a
specified job at a defined level of performance’.

The difference between work study and other productivity improvement
techniquesisthat thelatter involve major capital expenditurein plant or equipment.
But work study ensures productivity by using existing resources. Inwork study, the
human element isemphasized and importanceisgivento operationrather than to the
technical process.

3.5.1 Objectives of Work Sudy

The primary objectivesof work study are:
1. Effectiveuseof plant and equipment
2. Effectiveuseof humaneffort
3. Evduation of humanwork

If thetechniquesof work study are not properly applied, they arelikely to encounter
resstance a all levels. Even trade unions acknowledge that work study providesthe
following benefitsto workers:
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(i) Eliminatesdrudgery, frugtrationand unhealthy working environment

(i) Providesopportunity to e workersto increase their earnings (by achieving
increased rate of output)

(iii) Strengthensthe health of the organization at micro level and the nation asa
whole at macro level

INn 1952, thenternationa Labour Organization emphasized theimportance of work
study and consultation and cooperation between employers and workersinits 35th
session held at Geneva

Inthefollowing sections you will learn the two techniques, i.e., method study
and work measurement.

3.6 METHODS AND EVOLUTION OF STANDARD/
NORMAL TIME

3.6.1 Method Sudy

Asyou havelearnt, method study isamethod for examining, recording and analysing
theexisting way of doing work and proposing amethod for improving theefficiency of
asystem. Theremay be unnecessary costsbeing incurred in theexisting methods. In
themethod sudy, thereasonsfor these costsareidentified. Thecritical examination of
proposed methods also prevents unnecessary costsinthe new jobs.

Objectives of method study

The main objectives of method study are asfollows:
1. Toidentify the proper sequence of production operations
2. Tooptimizetheutilization of machineries
3. Toreducethe manufacturing cycletimeby reducing idletime of machinery
4

. To choosetheright kind and amount of materials and reducethe raw materia
consumption per unit of production

. To reducewastages and production of defective products
. To enhancethetool lifeand thereforereduce thetool cos per unit of production

7. Toadlocate work force optimaly and reduceidletime of the operator by optimal
utilization of human resources

o O

8. Toimprovethe processesand proceduresinvolved in production
9. Toimprovetheworking environment intheworkplace

Themethod study procedure

Method study is a scientific and systematic method by which an organization can
determinethe most appropriate method to manufacture aproduct. Now, why should
an organization study aprocess? 1t should sudy aprocessto identify delays; reduce
transport distances for both materials and labour; economize processes; reduce
requirements of processing time; and thereby make the total operation simple. By



doing amethod study, the organizationaimsto diminate any sage or sepintheprocess
that doesnot add any valueto the process.

We beginthe method study by first making aflowchart for the process.
The basic proceduresinvolved inmethod study are shownin Figure 3.5.

- Selection of jobs

Recording of facts

l

Critical examination

l

Development and selection

Installation

— .
Maintenance

Fig. 3.5 Flowchart of the Method Study Procedure

1. Selection of jobs

Sdlection of ajob for which method study isto be doneisamanagerial responsibility.
The considerationsfor selecting ajob could be economic, technical or human.

(i) Economic considerations.

These include operationswhich could be holding up other production operations,
suchas

¢ Needlessmovement of workmen and materialsover long distances
e Operationsthat involvegresat deal of manpower
¢ Operationsthat involve poor utilization of menand machines
e Sectionsor departmentsfromwhich too many suggestionsfor improvement are
received
(i) Technical consderations:
e Operationsthat produceagreat ded of waste or defectives
e Operationsthat involverepetitivework
o Complaintsthat performance standards cannot be achieved
¢ Operdionsrequiring frequent supervision
¢ Jobswithincompatible qudity
¢ Operationsinvolving discrepanciesin materialsand tool performance
¢ Jobsinvolving greater number of man hoursfor checking and rechecking work
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(ill) Human congderations.
¢ \Workers complainabout being overworked
¢ Poor worker morale
¢ Frequent accidentsand health hazards
¢ Inconsistency in theearnings of the employeesdueto overtime

2. Recording of Facts

Accurate and preciserecording of factsrelated to amethod determinesthe success of
themethod study. A method study generaly usesthe graphical method to record facts
such ascompletiontimeand labour required inamethod. The graphical method uses
five symbolsto record thefactsrelated to amethod. They are:
() O Operation Thissymbol indicatesthat an activity isbeing done. Generally
an operation is any activity that is adding some value to a product. It isa
transformetion process.

(i) => Transportation Thissymbol indicatesthat the product, service or worker
ismoving fromonelocation to another.

(i) O Inspection This symbol stands for checking/observing for quality/
correctness/adherenceto specifications, etc.

(iv) D Deay Thissymbol indicatesthat the subject of study (product, serviceor

worker) hasto wait before starting the next process.

(V) <C7 Storage Thissymbol indicatesstorage. Sometimes, T or Piswritteninside
thetriangleto indicate temporary storage or permanent storage respectively.

The advantages of graphica method over the descriptive method arethat:
o |ttakeslesseffort andtime.
¢ It hepsisolatethe valuable areasof amethod fromthe useless aress.

¢ Critical examination becomeseasier and more effective becauseit isvisualy
Clear.

3. Critical Examination

Critical examination means analysing the facts related to a method. In critical
examination, thefactsrelated to amethod should be examined asthey are and not as
they should be. Each step should beanalysed in alogical sequenceand hasty decisions
should be avoided.

A systematic and methodica questioning processisused to conduct the critical
examination. Inthe questioning process, al theactivitieswhether related to processing,
ingpection, material handling or any other aspect of amethod arerecorded inachart.
After recording al theactivitiesinvolved inamethod, each activity isthen examined
carefully. Therearefivemgjor factorsrelated to an activity that need to be considered
during the questioning process. Thesefactorsinclude:

(i) Purpose Andyseswhether thesdected activity isnecessary for completing
amethod or not.



The kinds of questions asked are—What activity isbeing done? Why is
that activity being done? What will happen if that activity is not done?
What else can be done? What should be done?

(i) Place: Analyseswhether the selected activity occurs at aspecified place
or not. Questionsasked are—Whereisthat activity done? Why isit done
there?What will happenif itisnot doneat that locationand done dsewhere?
Where else canit be done?

(i) Sequence: Andyseswhether the selected activity occursat specified time
and in a specific sequence or not. Questions asked are — When isthe
activity done?|sthe performance of the activity at that timecritical or can
it be done at any time or in any sequence? Could it be combined with
some other activity inthe process?

(iv) Person: Anayseswhether or not the right person performsthe selected
activity. Questions asked are—Who doesthe activity?Why should that
person do that activity? Can it be done by someone else? Should the
worker possessahighlevd of skillsor will alower skill level do?

(V) Means. Analyseswhether or not thesalected activity isdone using proper
materials, tools, jigs and fixtures, measuring instruments and gauges.
Questionsasked are—How isthe activity done?Why isit donethat way?
Isthereabetter way to do the activity?

4. Development and selection

Development involvesan analyses of dl theideasgenerated during critical examination
and implementing these ideas practically. All the ideas generated during critical
examination may not be practical. So the organizationfirst needsto isolatethe practical
ideasfromthe conceptual ones. Theselected ideas are thenrefined and developed
during the development and selection process. The development process comprises
threefunctions; evduation, investigation and selection.

(i) Evaluation phase: All the ideas generated during critical examination are
evauated to assessthar true value and determine whether they should be pursued
or discarded. Toisolatethe practical ideasfromthe useless ones, they arefirst
categorized as-

o Useful ideas
¢ |ldeaswithtechnicd flaws

¢ |deasthat cannot be used immediately because of insufficient dataor lack of
requisiteknowledge

¢ |deaswith moredisadvantagesthan advantages

Ideaswhich aresimilar are clubbed. The cost of testing and implementationiis
esimated
(i) Investigation phase: The ideas generated in the evaluation phase are
investigated to determine how asuitable idea can be taken up for practical
implementation. Theinvestigation phaseincludes preparing layouts, organizing
discussion with personnd fromvarious departments such asdesign and quality
control, making prototypes, conducting tria runs, getting work measurement
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studiesredonefromindustria engineering and preparing fresh cost estimates.
Everyideaisinvestigated to check itseconomic and technical feasibility.

(iii) Selection: The sdlection stageinvolves choosing the best possible dternative
fromtheavailable options. Variousfactorsaretakeninto consderation such as
investment required, production rate expressed interms of cycletimeper unit
of product, manufacturing cost per unit of productionand physcd effort required
for performing the method. Every factor isassigned some points. The points
acquired by every factor are added and the dternative that acquires maximum
pointsis selected.

5. Ingtallation

I mplementation of the proposed method isknown asinstallation. The proposal for
changeinmethod is presented to the management indicating the sequential stepsthat
must betakento implement the changed proposal. On receipt of forma approvad, the
implementation planis prepared. A demonstration of the proposed method can be
held to clear misconceptions and apprehensions. Training of the employeeswho will
use the new methods can also be done.

6. Maintenance

After implementing amethod, it isimportant to monitor the performanceof the method.
A feedback mechanismisneeded to informthe concerned authoritiesabout theresults
of the monitoring process. The savings accrued by using the new method should be
audited to determinewhether or not theimplementation work iscomplete. The audit
will aso reved additiona factorsthat can enhance profitsand then thewhole cyclewill
dart again.
The gpproach followed by the practitioner isalso reviewed at thisstage.
¢ Did hefollow theeffective approach?Doesit need any correction?

o Wastheimplementation process efficient favourable?If not, what changes
arerequiredinthe approach so that theimplementation of future projectsis
gmooth?

¢ Whichmethodswereused for efficient data collection?Can these methods
be used in smilar projectsin future?

Performanceappraisal: Thelast sep inthe maintenance stage involves performance

gppraisal. Thishelpsdeterminethe productivity gainsof the proposed method thet are
evauated at regular intervals.

Ashumanreactions play animportant roleinamethod study, human consideration
formsanimportant part in selecting ajob. Workers should accept changes proposed
by the method study. A change which is not fully accepted by the workersis not
considered agood change. It is human nature to resist change. Opposition by the
workers can be avoided by taking theminto confidence. Thefollowing points should
be considered in order to avoid resistance by theworkers:

¢ Proposed changes should beintimated to the workersin advance because
any surprise changeislikely to be opposed.

o Approved methodsmust be properly introducedinto the organization.



e Changes should be made dowly so that the organization can easily absorb
them. Thishelpsthe workersto gradualy adapt themsalvesto the changed
methodology.

e Implement the methodsin such away that the entire humanresource of the
organizationiswon over.
3.6.2 Work M easurement

Work measurement, asdefined in the preceding units, isatechniqueto find out the
timerequired to do any activity, & apredetermined level of performance, by aqualified
worker. Inorder words, it isatechniqueto develop time standardsfor the performance
of jobs.

To esablish ussblestandards, the operation must firgt betrained to do aparticular
job. These methodsanalysisand study should provide work measurement.
Obj ectives of work measurement

The primary objectives of Work measurement are—
1. To establishthe standard timefor completing ajob.

2. Tofixthesalary of employeesand to determine and calculate incentives based
ontheir performance.

3. To estimate the machine and labour requirementsfor planning and scheduling of
production, thetime required for jobsand when deliveriesare possible, etc.

4. To digribute workload among theworkers.

5. To calculate the number of employees needed for various tasks of the
organization.

6. To determinethe number and nature of machinesthat aworker canrun.
7. To help managementsaccurately determinethe costsincurred in Production.

8. To comparetheefficiency of various dternative methodsand determining the
best alternativeamong them.

9. To egtablish standards for the performance of employees and utilization of
machinery. Thisway, substandard workers can beidentified.

10. To control costs by uncovering wastages of both machine and labour and thus
help to increasethe operating efficiency.
11. Totrack theperformance of workers, their training needs, etc.
Techniques of work measurement

Thereare several techniquesfor measuring work. The most common are:;
1. Timestudy
2. Work sampling
3. Standard data
4. PMTS— Predetermined motiontime studies.
We will now study themin detail.
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Timestudy

Thismethod of work measurement isgenerdly used whenthework isrepetitive. It is
asampling processinwhich afew observations of asamplearetaken. Theinferences
drawn fromthe study of the sample are used to determine thetimerequired for the
performance of the subsequent cyclesby theworker.

First, the job or task selected for time studiesis split or broken down into
activities. Theneach activity istimed separately using devices such as stopwatch.

Some principlesarefollowed in breaking downthejobinto itsactivities. These
are-

1. Eachactivity should be of short duration, but at the sametimelong enough
for it to be timed with astopwatch.

2. Theactivitiesof the operator and activities of the machinery should be
distinguished. Both should betimed separately.

3. Delays of the operator and the equipment should also be indicated
Separately.

Severd readingsneedto betaken for each activity. Theaverageof thesereadings
will givethe averagetimefor an activity. The averagetimefor each activity of ajobis
added to get the averagetimefor ajob.

Thetimethusobtained must be‘ normdized’ to mekeit usablefor al theworkers
So arating factor isused to give the normal time. To take an example, if an operator
completesatask intwo minutesand it is estimated that heis performing 20 per cent
faster than normal, then the performancerating of the operator issaid to be 1.2 times
or 120 per cent of thenormal.

Thenormal timefor thetask will be2 minutes x 1.2 = 2.4 minutes.

So Normal time (NT) = observed performance time per unit x Performance
rating.

When an operator isobserved for aperiod of time during which he producesa
number of units, thenthe Normal timeisgivenas-

NT = meworked oo o ance rat ng .31

No. of units produced

Standard timeis caculated by adding allowancesfor personal needs (such as breaks
for freshening up or for drinking tea), inevitable work delays (such aslack of materia
or breakdown of machinery), and worker fatigue (physica or mental), to the normal
time.

Standard time (ST) = Normal time (NT) + (Allowancesx Normal time) .. 3.2
Note: Allowances may begivenin minutesor as apercentage of thenormal time
ST =NT (1+ Allowances) ..3.3

Thisequationismost often used in practice.
Work sampling

Thisis another technique for measuring an activity. Thismethod issimilar to Time
Ssudy inthat heredso, weobserveaportion or sample of thework ectivity. | nferences



aredrawn based on the findingsin this sample and thisis applied for the activity in
generd.
For example, if ablacksmithis observed 100 random times during aweek and

it isfound that heismaking ahammer 30 out of the 100 times, it can beinferred that
the blacksmith spends 30 per cent of histimeinmaking hammers.

Note: The time required to make an observation is dependant on the object or activity that is
being observed. Many times, only aglanceisrequired to determine the activity, and most of the
studies require only few seconds’ of observation.

Inwork sampling, the size of the sampleisamajor issue. Thelevel of statistical
confidence desired intheresultsis considered before deciding the samplesize. The
account of observationsneeded in awork sampling study can befairly large, ranging
from several hundred to several thousand, depending on the activity and level of
accuracy required.

Thethree primary applicationsfor work sampling are:

1. Todeterminetheaveragetimethat themachine and labour areidleor running.
Thisisaso caled ‘ activity time’ for personnel and machinery.

2. To develop aperformanceindex for workers. These performance measures
help in performance evaduation of theworkers, fixing of pay, bonus, pendlties
etc.

3. Tofixtimestandards, that is, the standard time required for atask.

Following isthe sequence of activitiesindoing awork sampling study —

1. Identify the activity for which the study isto be done.

2. Edimatethe percentage of timethe selected activity takes, to thetota time
(e.g. themachineisworking 80 per cent of thetime). Theseestimatesare
made by the analyst from existing data, guesswork or apilot work sampling

dudy.
3. Statethedegreeof accuracy desired inthe study results.
4. Determinethe particular timeswhen each observationisto be made.

5. Two or threetimesduring the study period, the datacollected are examined
and if necessary, therequired sample size and number of observationsto be
made areatered.

In awork sampling study the number of observationsto be takenisequally
divided over the study period. Thus, if 500 observationsareto be made over aperiod
of 10 days, observations are usually scheduled at 500/10, or 50 per day. A specific
time may a'so be assigned for each day’s observations.

Work sampling compared to time study

Work sampling has several advantagesover time study:
1. Oneobserver can smultaneously conduct several work sampling studies.

2. Generally, theobserver isnot highly skilled. Only theanalysts need to be highly
trained.

3. Timing devicesare not required inwork sampling.
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4. Work of along cycletime may be studied with fewer observer hours.

5. Sincetheduration of the study islonger the effect of short term variationsis
negligible.

6. Thestudy canbetemporarily delayed, without affecting the results.

7. Since work sampling involves observations made over alonger period, the

worker hasless chance of influencing the findings by changing hisor her work
method.

The disadvantages of work sampling over timestudy are:

¢ Work study isnot economical in case of ashort cycletime. Insuch cases
time study ismore appropriate.

o Observersin work sampling tend to develop repetitive time of taking
observations and route of travel. This can make the observations
predictable and theinferences may be erroneous. So the observer should
adopt arandom sequence of observationsto lessen theseerrors.

¢ Work samplingismore accurate whenthe sysemisstable. Inadynamic
Situation, work sampling may give erroneousresults.

Sandard data

For jobs in which there are a large number of repetitive operations with similar
characteristics, companies often develop standard data through time studies or
predetermined data. Theadvantage of having standard dataisthat eachjob need not
undergo atime study. Standard dataisapplied inasimilar manner aspredetermined
motion time data, except onalessdetailed level.

For instance, an income tax service may develop standard dataon the time
required tofill out different tax forms. Fromthisdata, it iseasy to provide an estimate
of the cost for aclient based on information about the forms required for the client.
Standard dataare also useful in estimating timesfor jobswith different characteristics
through regression - type equations.

Standard datais used in thefollowing manner. —

Example: Inawarehousethe standard timerequired to unload 10 Kg boxesfroma
truck is2 minutes per box. Dueto increasing dlowancesfor fatigue, supposethisgoes
up by 0.10 minutesfor each additional 2 kgs. Thestandard timefor abox of weight
‘b’ is2+0.10/2 (b—10) minutes.

Therefore, if 50 boxes, each weighing 18kgs are to be unloaded, the standard
timerequiredis50{2 + .05 (18 —10)} =50 x 2.4 = 120 minutes, or 2 hours.

Having an adequate data base of standard datamakes such calculationseasy to
compute.

Predetermined motion timestudies(PM TS)

Analternativeto time study isthe use of gandard timesfor work elementsthat have
been predetermined fromlong periods of observation and andysis. Themgjor advantage
of thismethod isthat only motion patternsmust be known; aternativesmay beevauated
prior to actually trying themout. In order for suchasystemto beuniversally applied,
it isnecessary to define abasic set of motionsinto which any task canbe split into.



However, these motions must be refined to account for various degrees of
difficulty; for example, lifting abag of 5 kg iseaser thanlifting 5 kg of cottonwool, and
thus should be expected to takelesser time.

Sinceit is necessary to apply micro-motion analysis to such systems, these
systems are often costly to use. Thereare anumber of different motiontime systems.
Oneof thebest known and most widely used is methodstime measurement (MTM).
This systemwasdeveloped in 1948 from studies of motion picturefilms of assembly
operations. Thebasc dementsusedinMTM are:

1. Reach

. Move

. Turnand apply pressure
Grasp

Pogtion

Release

Disengage

. Eyetravel timeand eyefocus
. Body, leg, and foot motions
10. Smultaneousmotions

© O N U A ®WN

Each of these has several subcategories. For example, there arefive typesof
reach:

Reachto an object inafixed location or inthe other hand

Reachto an object in agenerd location

Reachto objectsjumbled together

Reachto very smal objects

E. Reachtoanindefinitelocation, suchasmoving the hand out of theway

Element times aremeasured in TMUS (time measurement units), whereone
TMU is.00001 hour, or .0006 minutes. Tablesof times have been developed for each
activity, so that employeestake an activeroleinincreasing productivity and quality
and inreducing costs.

©C0w2>

3.7 JOB DESIGN AND RATING

Job design isdefined astheintegration of variousindividual activitiesor tasksinto a
job, which can be assigned to either an individual worker or agroup of workers. In
jobdesignitisdetermined how aparticular work isdistributed withinthe organization.
Thejob design specifieswhat tasksto be done, who will do themand what resultsare
expected. Just as an architect can build ahouse in many different wayswith many
different materials, so can amanager design ajob with many different approaches
such asjob specialization and job enlargement.
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3.7.1 The Objectives of Job Design

A manager triesto redize the objectivesof specifying jobs. Thethree main objectives
ae

o Technicd feashility

o Economic feashility

¢ Behavioura feashility
Technical feagbility

A personisassgned varioustasksor dutiesthat he needsto perform. Thepersonto
whom atask isassigned must be capable of performing thetask. A job must not be
abovethelimitsof aperson’sskillsand physical and mental levels. Providing proper
knowledge and training to the employees helpsin ensuring technical feasibility.

Economic feasibility

The cost of performing the job must not be too high. It means that the worker’s
compensation and the gppropriate work environment must be reasonable. Businesses
arecarried oninacompetitiveenvironment, so they are bound to face pressureto
keep the prices of theresourcesat reasonable levels.

Behavioural feasbility

When apersonisassigned many jobsand responsibilities, then hemust be motivated
so that he can perform thetasksefficiently. Thejob should develop apositive attitude
among theworkersby providing themintrinsic rewards.

3.7.2 The Approaches of Job Design
There arevarious approachesto job design that amanager usesto designthe jobs,
whichare:

o Job specidization

o Jobenlargement

¢ Job enrichment

Job specialization

Animportant consideration that must be kept in mind while deciding the tasksand
responsibilities of an employeeisto maintain abalance betweenthejob specialization
and thetask assgned. Injob specialization, thework isdivided into small component
parts and these components are assigned to specialists. When different works or
tasks are assigned to the specidists, then they become more skilled and efficient in
their field. Also aworker iseasily trained to get him specidized to perform hisassigned
task with greater satisfaction.

The advantages of job specialization

The various advantages of job specidization are:

o Workerscandevelop greater skill and establish a better work rhythm, which
resultsin high productivity.



e |tiseadertotrain and superviseworkers.
e |t helpsinreducing costsbecause alower level of basic skillsare required.

The disadvantages of job specialization

Thevarious leves of job specialization are:
e Thereisno worker control and autonomy over what is done and how.
e |t results in absenteeism among the workers.
e Thework performed by the workers is of poor quality.

Job enlargement

Job enlargement can bedefined asthe expansion of job content that includesawide
variety of tasksand increasesthe worker’sfreedom and responsibility. At one point of
timetheworkersmay fedl bored and dissatisfied by performing the samekind of work
repeatedly. It may force them to withdraw from the organization. As aresult, the
organization suffersfrom high levels of absenteeismand attrition. If managers could
enlarge thejobsby adding tasks and additional incentivesthen it could reduce theill-
effects of specialized jobs.

A job may beenlarged intwo basic ways. A job designis said to be enlarged
horizontally if the worker performs agreater variety of tasks without increased
responsihility. For example, if thejob of aworker consistsin tightening one nut onone
bolt, thenit could be redesigned to tightening four different nutsonfour different bolts.
Thejobwould then be enlarged horizontaly. Secondly, moretasks of adifferent nature
but similar skill level can beadded. For example, instead of tightening one nut on one
bolt, theworker could assemble two pieces of metal and apiece of plastic, tightena
nut and bolt to hold the assembly together. Thejobwould thusbeenlarged vertically.

Job enlargement offersthe employeesfour opportunities, which are:
e Variety: Theopportunity to useavariety of skill
e Autonomy: Theopportunity to exercise control over how and whenwork
iscompleted
e Task identity: Theopportunity to be responsible for anentire program of
work

e Feedback: Theopportunity to receive current job performanceinformation

Job enrichment

Verticd jobenlargement issometimesknown asjob enrichment. It involvesredesigning
jobsto give more enjoyment to the job by involving employees in the managerial
functions of planning, organizing and controlling. Thisisavertical changesimilar to the
vertical job enlargement but the only difference isthat manageria functionsare added
to it rather than adding similar tasks. For example, an organizationthat isengaged in
the production of cornflakesistryingto sell itsvariety asthe brand label for alarger
grocery chain. Buyersfromthe grocery chain visited the organizationto check the
qudlity of thecornflakes. Two productionworkerswere sdected and brought directly
into theorganization's conference roomwherethe boxes of thecompetitorsand the
company’s cornflakeswere displayed. The workerswere asked to choose which of
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the cornflakes were better. They answered by eating the various brandson the table
and explaining in detail their jobsand quality control.

Two benefitsresulted fromthis. Firstly, the buyerswereimpressed withthe
workers knowledge, and secondly, the workersreturned to the workplace enthused
about their contribution. Asaresult their attitude towardsther jobs also improved.
Two conditionsthat arerequired for effectivejob enrichment are:

e Management must share information with the workers on goals and
performance.

¢ Thebehaviour of theworkers must not be excessively controlled by the
organization.

3.8 SUMMARY

o Theactivity of establishing theworkflow, equipment requirements, and execution
requirements for a specific process is referred to as process design. It
characteristically uses many toolsincluding flowcharts, process simulation
software, and scale models.

¢ Thisunit discussestheneed for processdesign and processselection. Thelatter
involvesthe use of an organization'sresourcesto provide something of valueto
thecustomer.

¢ We have also studied various ways in which processes can be categorized.
Process selection dependson avariety of economic, quditative and quantitative
factors.

o Everyprocessmust assessthe critica dimensionsthat help to satisfy itsinternal
and externd customers, now and inthefuture.

¢ Thisunit gave anoverview about process design and selection process, aswell
asmanufacturing systems.

¢ Theproduct-processmatrix. Thelatter determineshow an appropriatetechnology
or manufacturing processmust be selected.

o Work studies come under the umbrellaof activities of industria engineering.
Industria engineering isabranch of study that dealswiththe design, progress,
enhancement, operation and estimation of an assembled structure of people,
knowledge, tools, energy, materialsand processes.

¢ Inmanufacturing organization, anindustria engineer isresponsiblefor reducing
wastages of time, money, materials, energy and al other resources. Work study
isthe most commonly used set of techniques of studying the work done by
workers.

¢ Jobdesgncomprisesmethodica endeavorsto organizeresponsihilities, functions
and accountabilitiesinto an element of work to accomplish definite objectives.
Theprocedureisused by managersfor determining individual responghilities
and authorities.



Production

3.9 ANSWERS TO ‘CHECK YOUR PROGRESS Process Planning

1. A singlestageprocessisoneinwhichtheinput goesthroughasinglesage. This
systemistoo smplistic and isnot found in theindustria scenario. NOTES

2. Thefour mgor competitive prioritiesof any firmare:
o Cost
o Time
e Qudity
¢ Hexibility
3. A product-process matrix hasthree parameters. These are: volume, product
design and process.
4. (8) human
(b) graphica
(c) TMUs
(d) enlargement
5. () Fdse
(b) True
(c) Fdse
(d) Fdse

3.10 QUESTIONS AND EXERCISES

Short-Answer Questions

1. What isthe difference between‘Madeto Stock’ and ‘Madeto Order’ ?
2. What arethemain parametersto be considered during process selection?
3. Writeshort noteson:

(@ Massand flow type of production systems

(b) Batchprocessing

(©) Product-process matrix

(d) Processdesign

(€) Importance of selecting appropriate production process
. What are the objectives of work study?
. What isthe relevance of method study?
. How doeswork measurement help anindustrial engineer?

. Writeshort noteson PM TS, use of symbolsin method studies, work sampling
andtimestudies.

8. What arethe objectivesof job design?

~N o o b~
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Long-Answer Questions

. What isthe product-process matrix? Why isit used?
. What istherelevance of process sdlection to the profitability of an organization?
. What arethe competitive prioritiesthat afirmneedsto haveinorder to survive

inthe market?

. What isthe relevance of ‘flexibility’ in process selection?

. Explainthe stepsinvolved in method study, giving suitable examples.

. Writeadetailed note on the objectives and techniques of work measurement.
. Iswork sampling abetter techniquethan time study for measuring work? Give

reasons and examplesto justify your answer.

. Writeanoteon the different approaches of job design.
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4.0 INTRODUCTION

Studying aplant layout comprisesan engineering study carried out for the analysis of
different physical arrangementsfor anindustrial plant. A well-established plant trims
down production cogswith the help of reduced materials handling, reduced personnel
and equipment requirementsand reduced process inventory.

Unsuccessful salesforecasting and production planning activities may proveto
be unfavorablefor awell-organized plant layout. The beginning of the plant layout
processisat an aggregate stage, considering the various divisions. Oncethese are
elaborated upon, different issuesemerge and the original arrangement may undergo
modificationsthrough afeedback process. A decent plant layout meansagood spacious
system. Thisshould make manufacture scheduling and management smpler and should
asaresult bring down the delaysin manufacturing and increase consumption of the

existing plant capecity.
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It isimperativeto anticipatefuturetransformationsto avert the posshility of an
unproductive plant layout in ashort-term.

4.1 UNIT OBJECTIVES

After going through thisunit, you will be ableto:
o State theimportance and function of plant layout
Define and explain production planning
Classfy aggregate planning
Recommend production scheduling
o Summarize different forecasting methods

4.2 PLANT LAYOUT: IMPORTANCE AND FUNCTION

Need for Layout Planning

Oncethefacility location has been decided and land has been acquired, asketch or
plan is made to decide where each department/section, entrance and exit gates,
restrooms, storage aress, etc., will belocated. In the subsequent sections, we will see
how thistypeof planningisdone.

Definition of Layout Planning
We can definelayout as, ‘ The physical location of the variousdepartments/units of a
facility within thepremises of thefacility.’

The departments must be located based on some consideration. The common
considerationsare-

1. Logica sequenceof processing operation
2. Direction of materid flow and materia handling
3. Aesthetic congderations
4. Government regulations
5. Specia requirements
Theentranceand exit gatesare usually critical in the layout planning of facilities.
4.2.1 Objectives of a Plant Layout

Plant layout isthe method to plan and arrange materialsand facilities so that asteady
flow of productionisensured at minimum cost. A good plant layout awaysresultsin
comfort and satisfaction of workmen and thisautomatically increasesthe production.
A bad plant layout leadsto accidentsand unnecessary problems.
A good plant layout isdesigned to achievethefollowing objectives:
1. Economic handling of materialsand finished goods
2. Fast and efficient quality production



w

Enhanced utilization of available space

Flexibility in change of plant designand possibility of expansionat alater
date

Improvement inwork condition leading to higher productivity
Unidirectional/systemetic flow of production operation
Reductioninwaiting time

8. Reductioninmanufacturing cost

e

N o u

4.2.2 Advantages of a Good Plant Layout

A good plant layout resultsin better production and lower costs. Theadvantages of a
good plant layout are asfollows:

1.

Production flow: The prime concern of plant layout is smooth flow of the
production function. Unhindered, seady, prompt and even work flow isaboom
fromgood plant layout.

. Well-organized workspace: A good plant layout means well-organized

workspace with adequate facilities provided for the machinesaswell asfor the
workmen. Proper arrangement of machineriesand tools eliminates congestion.
The materials required are stored in their appropriate places so thereis no
confusion. Workmen are also distributed to their respective departmentsand
thereisno confusioninwork.

. Better working conditions: A good plant layout resultsinlabour satisfaction

dueto improved and clean working conditions. It has been well-documented
that motivation leve increaseswhen lighting and other aestheticsareimproved.
Safety of workmenisanother important factor. A good plant layout ensuresthat
the machineare properly placed, with adequate spacein between so thet there
isno congestion and no danger of the workmen getting injured. This provides
safety to theworkmen and createsagood environment for work.

. Minimization of material handling costs. A good plant layout minimizes

material handling costs. The machinery and equipment are placed in such a
manner that thereis no difficulty in transferring materials between workstations.
The provision of adequate material handling systemswill ensure that thereis
minimal labour cogt, labour fatigue, etc., and labour can beutilized in productive
jobs.

. Minimization in damage and spoilage of material: Inagood plant layout,

meateridsarehandled properly which resultsin good quality of production. There
is minimum damage and spoilage of materials. Minimizing waste also leadsto
increasein profitsfor acompany.

. Flexibility in changing production conditions: A good layout provides

adequate spacefor future expansions, laying additional workstations, etc. The
advantageisthat infutureif the market conditions change, thefirm can easlly
put up new machinery, etc. without having to dismantle the existing onesand
with minimum hindrance to the daily schedule or work.
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4.2.3 Types of Layout
Therearefour basic typesof layout.

LAYOUT
Product Process Project or Cellular
Fixed position Group

Fig. 4.1 Typesof Layout

Product layout

The placement of the equipment/machinery and materialsinthe order in which they
areto be used for producing the product is called the product layout or linelayout.
Thistype of layout isfound inindustrieswhere assembling of materialsand partstakes
place, such astheautomobileindustry. Insuchindudtries, the processstartswith feeding
intheraw materialsand endswith thefind product. Theflow diagramof aLine Layout
would canbeseenin Figure4.2.

RECEIVING » OPERATION-1 » OPERATION-2

A
PACKING |¢ INSPECTION ¢ OPERATION-3
DISPATCHING

Fig. 4.2 Flow Diagram of a Product/Line Layout

Advantages of product layout

1. Thereislow work in processsince output of onestageisautomaticaly theinput
of next stage

2. Materia handlingislesssincetheprocessisautomatic.

3. Labour costsareless, asthereisdivison of labour.

4. Quality control iseasier to implement.

5. Easy and accurate scheduling of materialsispossible.

6. Production control issmpler duetolessproduct variety.
Disadvantages of product layout

1. Itisnot easy to changethe product —thiswill involve change inthe layout and
thisisexpensive and time consuming. So thislayout isnot very flexible.

2. If even onemachine breaksdown, the entirelinewill stop.

3. Expansion of work areaor insertion of any machinein between other machines
isnot possibleor isvery difficult.



Process layout

Thelayout inwhich dl theequipment/meachineries performing similar tasksare grouped
together is called the processlayout or functional layout; for example, the milling
machines can be grouped together to form one department and the grinding machines
can begrouped together to form another department. Depending ontheir processing
requirements, partsaremoved in different sequencesamong departments. Dividing
thewholework placeinto small unitshelpsinfaster productionand better utilization of
thework place. Theprocesslayout cangiveahigher variety of products, for example,
inagarment plant the stitching machinesare kept in one place, pressing machinessuch
asironsinanother, knitting machinesin another and so on.

STORES GRINDING FOUNDRY
PLANNING

RECEIVING PRODUCTION DESPATCH
CONTROL

MILLING CASTING WELDING

Fig. 4.3 The Process Layout

Advantages of process layout
1. Hexibility inadapting to changing volumes, changing varieties.
2. Helpsworkmen learn more skills asjob rotation enriches their skills.

3. Problemin one machine does not affect other machines and production need
not stop.

4. Incaseof futureexpansion or increasein varieties, the existing set up need not
be pulled out.

Disadvantages of process layout
1. Spacerequirement increases whenthe work volumeincreases.
2. Mechanization of material handling isnot possible or isvery costly.
3. Highwork inprogressinventory asjobshave to queue up for each operation.
4. Difficulty in schedulingwork, asdifferent jolbshavedifferent operation sequences.

5. Highleve of supervisonisrequired. Production Planning and Control ismore
difficult.
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Project Layout

Thelayout inwhichthe production operationis performed in afixed position iscaled
the project layout or fixed positionlayout; for example, aeroplane and ship building
industries use this type of layout. While making arocket (the real ones, not fire
crackers!) theworkmen/scientists, machines and toolsand raw materials are moved
to the place of construction of therocket. Building bridges, roads, theMetrorail etc.,
areall projects.

MANPOWER

OUTPUT

PRODUCED TOOLS

RAW MATERIAL

MACHINE

Fig. 4.4 AProject Layout

Advantages of project layout

1. It minimizesmovement of machineriesand equipment.

2. Continuity in production alows severd activitiesto take place smultaneoudly.
Disadvantages of project layout

1. Skilled and versatileworkersare required. The necessary combination of skills
may bedifficult to find. Suitableworkerswould haveto bepad attractive salaries

2. Oncethe project isover, the equipment/materialswill have to be moved. Not
only isthisan expensive proposition but equipment utilization isalso low since
equipment iskept idle during thetimethat it isbeing shifted.

Group Layout

Thislayout isacombination of thelayoutswe have sudied o far and ismore commonly
seen in the industry today. Group technology, or cellular manufacturing has the
advantages of both processlayout aswell asline layout.

In group technology, parts are grouped into families. The layout consists of
groups of different machines (called cells) that are necessary for the production of
families of parts.

Advantages of group technology
1. Thedesign of new productsisgood.

2. Production control issimpler thanin Processlayout or Project layout, since
scheduling of meachinesisless complex and fewer toolsand materidsare required.

3. Materid-handling costsare fewer thanin Processlayout.
4. Therearesavingsin setup timewhich leadsto increasein production.



4.2.4 Layout Planning for Storage and Warehousing

The design and layout of awarehouseisdightly different fromthat of aproduction
unit. A warehouseis used for storing raw materialsand supplies, toolsand equipment
and semi-finished and finished goods. Warehouses are often located at a distance
away fromactua production or customer locations.

A warehouse should focus on achieving high productivity in day-to-day activities
of material management. These productivity objectivesare:

1. Maximum utilization of space.

2. Efficient sock location and identification.

3. Conservation of time, labour, and equipment.
4. Rapid and easy transfer to and from storage.

Meeting these goalsdependson avariety of factors, such asthesize and shape
of thephysicdl fadility, type of meterial-handling equipment that isavailable, placement
and arrangement of stock, and the nature and usage of items.

Smal firms provide storage space withintheir own production facilitiesor inan
adjacent warehouse. Larger corporations, particularly multi-plant companiesand pure
distribution systems such as grocery chainsor retail department stores, use cubic
footage to the maximum. Palletsor portableplatformsare used to take advantage of
vertica stacking cgpatiilities. They are moved easily by forklift trucksand other handling
equipment. Other storage methods are used for small items or those that are used
infrequently. Racks, shelves, and binsare used for small items and they are usually
picked by hand.

Thearrangement of itemsin storage dependson avariety of factors. Theseare:

o |temssubject to deterioration, such asfoodstuffs, medical supplies, iron
or paints must be protected from dampness, insects, or extreme
temperatures.

¢ Vauableitemsneed specia storage locationswith security provisons.
e Hazardous materialsrequirespecial attention and location.

e Thesize, weight, and shape of items affect storage and handling. For
example, fragileitems cannot be stacked very high, and heavy or bulky
items are best stored near the shipping areato reduce handling needs.

¢ Produceturnover also affects storage and handling. Fast-moving items
need to be handled quickly, while low movers can be stored inlocations
that requiredower handling.

4.2.5 Methodology of Layout Planning

Line or product layout

Thisiseasier to plan since the machines have to be arranged or laid out as per the
sequence of operationsinvolved in converting the raw materia into finished goods.
The problemin linelayout isnot of how to sequence or relatively positionthework
areas, but how to group thework elementsin such amanner that thereisvery littleidle
time between thework centres.

Plant Layout

NOTES

Self-Instructional Material 75



Plant Layout

NOTES

Closeness Ratings:

The relative degree of
desirability of having one
department situated near
another

76  Self-Instructional Material

Process layout

The problemin process layout isone of arranging thedifferent work areasinsucha
way that the material movement costsare kept to aminimum. It isassumed that the
other relevant costs of layout will also be reduced on account of this optimizing
procedure.

Thematerid handling costs between two work areas (departments) = { distance
between thetwo work areas} x { Load handled between thetwo departmentsduring
aunit period of time} . (Here, load meansthetota number of unitsof different products
any department processes).

The sumof these products, for al the combinations of departments, should be
kept to theminimum for an optimal plant layout. This can beexpressed asfollows:

MinimizeX D xL lj .41

where, D, isthe distance between departmentsi and j, and L, isthe number of
loads per unit time moved (handled) between departmentsi and j.

Thestarting point in such amathematica optimization procedure for the Process
layout isgathering dataon the number of loads per unit time moved between different
combinationsof thework areas. Thisdataiscalled ‘load summary’ andispresentedin
matrix fashion.

Closeness rating

Closenessratingsindicate therelative degree of desirability of having one department
Stuated near another. Theseare very effectivetools, especidly in servicefacility layout
planning; for example, inan MBA ingtitution, it isadvantageousto havethelibrary and
computer centre asclose aspossibletothelecturethestres. Theboys and girls hostel
should beasfar gpart aspossible. Thegirls hostel isusudly located near theteachers
resdential premises.

The closenessrating can beindicated asshownin Table4.1.

Table 4.1 Closeness Rating Sgnificance

Closeness rating I mportance
Absolutely necessary
Highly important
[mportant

Slightly important
Unimportant
Undesirable

o 0o~ WN B

Example4.1

Indiana Hospital has made the following matrix to show the closenessratings of the
variousdepartmentsfor itsproposed new building. The matrix showsthet the closeness
rating between departments D, and D, is2, departmentsD, and D, is4, D, and D, as
5, and so on.



Makealayout for the hospital building keeping in view the closenessratings.

Dl D2 D3 D4 D5 DG D7 Dg Dg
D;
D, 2
Ds 4 6
D, 1 5 1
Ds 4 4 5 4
Ds 5 4 3 4 6
D, 4 5 5 5 2 5
Ds 5 6 3 1 4 5 3
Do 1 4 3 6 5 4 3 1
Solution:
Sep 1: Makealist of department pairswithratings 1. Thisis necessary.
D,-D,
D,-D,
D1 - D9
D,-D,
Ds - D9
Make alist of department pairswith ratings 6. Thisisundesirable.
D,-D3
D5 - De
Dz - Ds
D,-D,

Step 2: Now makeanetwork of departmentshaving therating 1, with the department
occurring most frequently (D,) a the centre.

D3 /DB
D

D, Do

Similarly, mekeanetwork of departmentshaving therating 6, with the department
occurring most frequently (D,) a the centre.

Dy — 3% D, 2 Dg

Ds — %% Dy Ds— 3 D

Now, keeping in view the above combinations, place the departmentsin the
nine cells as shown below. This placement satisfies all the conditions of not only
departmentswithratings 1 and 6 but also of thosewith other ratings. Whilemaking the
placements, wehaveto consider only ratings 1 and 6; the other ratingsare autometically
satisfied.

D, D D3
Ds D Ds
D7 Do Ds

Plant Layout

NOTES

Self-Instructional Material 77



Plant Layout

NOTES

78  Self-Instructional Material

Closenessratingsrequireatria and error method for placement of departments.
TheAssgnment method ismore useful and commonly used inindustry. Severd computer
software such as ALDEP (automated layout design programs) and CORELAP
(compurterized relationship layout planning) are based on the closenessratings method.
Another software, CRAFT (computerized relative allocation of facilities), isbased on
theload distance analys smethod which is explained below.

Load Distance Analysis

Inthismethod, two or morelayouts can be compared to find out whichoneminimizes
the total load-distance value of the product manufactured. Let usunderstand this
technique by meansof thefollowing example.

Example 4.2

Thefiguresshown below digplay two layout optionsof afacility: Layout A and Layout
B. Thedistance between any two adjacent departmentsis 10 m. No diagonal movement
ispossible, e.g., if aload hasto be moved from Department 7 to Department 5in
LayoutA, it can be doneeither through Departments 8, 9, and 6 or through Departments
3, 1and 2 by travelling adistance of 40 m. The table below showsthe department
processing sequence of various products and their quantity produced per month.
Calculate whichlayout is better interms of lower total load- distance value.

LAYOUTA
1 2 5
3 4 6
I 8 9
LAYOUT B
5 3 4
9 6 1
2 I 8
PRODUCT PROCESSING QTY/MONTH
SEQUENCE
Vv 5-7-2-9 3000
w 4-3-8-1-5 4000
X 3-9-4-1 2000

Solution: Find the total distance travelled by a product while getting processed,
according to the given sequence.

DISTANCE
PRODUCT PROCESSING LAYOUTA LAYOUTB
SEQUENCE
\% 5-7-2-9 40+ 30+30=100 30+10+10=50
W 4-3-8-1-5 10+20+30+20=80 10+30+10+30=80
X 3-9-4-1 30+20+20=70 20+30+10=60




Now multiply theload, i.e. quantity per month with thedistance calculated.

PRODUCT qQry QTYXDISTANCE
LAYOUTA LAYOUTB
\% 3,000 3,00,000 1,50,000
W 4,000 3,20,000 3,20,000
X 2,000 140,000 1,20,000
760000 590000

Thetotal load distance of Layout B islesser than Layout A.
Hence, Layout B isabetter option.

4.3 PRODUCTS PLANNING

In the previous units you have learned about the 6 Ms of a businessthat form the
input—man, machine, materids, money, methodsand management. Planning their inputs
over aspecified period of time so asto get the planned output isthejob of ‘ production
.. » .. Depending on thetime frame of planning, it can be:
e Long-term or strategic planning: Focuses on a horizon greater than one
yesar.
e Medium-term or intermediate range: Usually covers a period of six to
eighteenmonths. If doneannually, it iscalled aggregate planning.

e Short term: Routine planning may be daily, weekly or monthly.
4.3.1 Elements of Production Planning

Production planning is a complex activity encompassing diverse elements.
Figure 4.5 show theelements of production planning.

Maintenance
Planning Aggregate
Manpower 7Y Planning
Planning /
T~ . Marketing
Production | _—" pjgpj ng
Planning
Financia /
Planning 1
Capacity Quality
Planning Planning

Fig. 4.5 Elements of Production Planning

4.3.2 Planning and Control in Mass Production

The scope of planning for mass production extends beyond the production system
itself. The considerable and uninterrupted flow of goods from thefactory shop floor
requiresawell-planned distribution and marketing setup to ensure the product reaches
the consumer. Market research, advertising, transportation, licensing and tariffs must
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al beconsidered to set up massproduction. Thus, planning for mass productionincludes
acomprehensive systemplan that transformsaraw materid (fromsource) to afinished
product (to user).

Mass production planning not only lowers costs but also leadsto significant
improvementsin uniformity and quaity of products. Largevolume, sandardized design,
materials and processesenable control and inspection techniquesto ensure production
and control quality.

Thebasic principlesof massproduction arelisted asfollows:

e Division of work into specialized tasks: Division of the generalized
production functionsinto specialized tasksthat consist of relatively easy and
highly repetitivemotion patterns. Thisfacilitatestheestablishment and analys's
of human motion patternsthat can be easily learned and rapidly performed
with theleast of unnecessary motion or mental readjustment.

o Simplification and gandardization: Smplification and standardization of
congtituent partsto alow production of componentsthat are easily suited to
other componentswithout adjustment.

e Development and use of specialized tools: Development and use of
machines, materials and processes lessens the human effort involved,
maximizes per unit output of capital investment, cutsdown the production of
off-standard unitsand reduces cost of raw material.

e Systematic engineering and planning: Systematic planning and
engineering of the production process permit the balancing of the following:
human effort and involvement of machinery, effective divison of labour and
Specidization of skillsand integration of the production systemto enhance
productivity and minimize costs.

Massproduction planning isaimportant feature of the design processand shows
how a product design can be made on a mass production line by employing both
skilled and non-skilled labour. At the outset of the century, thefirst mass production
linewasset upintheUnited States. The Ford Motor Company established a'‘line’ of
workerswho put together every car that passed out of its productionline. Theline
comprised of severd people, each of whomdid only onejob. While planning for the
productionline, it isimperative that each stage of manufactureiskept uncomplicated.
Thisiscalled planning for * mass production’.

It is aso very important to keep in mind quality control when a product is
manufactured either ina school workshop or onthe production line of afactory. At
every stage of production, the quality of the work should be checked and defects
rectified. For example, for abrand of coffee, taste and smell aretwo quality indicators.
Each point of quality control iscalled a“critical control point’. The quality of aproduct
isensured by comparing it against these quality control indicators How well aprocess
isexecuted dependsmostly on how efficient the control and monitoring systemsarein
amassproduction environment. Anincreasein the efficiency of control and monitoring
systemsisrelated to the level of automation of procedures.



4.4 AGGREGATE PLANNING

Aggregate planisthetota or aggregate plan of acompany for producing a product
over acertain period of time, say inthe next 12 months. Formulation of an aggregate
planisthegarting point for any manufacturing planning and isbased onordersexpected
during the planning period. Variousforecasting techniques are used to determine the
gpproximate aggregate demand for the product family. The plan must befirmed up for
areasonableperiod of time because overal production volume cannot be changed
abruptly without incurring significant unplanned costs.

Every productionvolume utilizesagivenmix of labour, materia sand equipment.
When the output volumeis changed, anew optimal mix must beachieved by readjusting
theusageof the variousresources. Even thoughit ispossbleto changeinthelong run,
it isdifficult to do it efficiently inthe short run.

A magter production schedule (MPS) isthe disaggregating of anaggregate plan.
Thismeansit givesinformation about the number of variousmodesand sub-models
of aproduct planned to be produced in a given duration. The master production
schedule showsthe quantity and timing of each specific product for atime horizon.

A master production schedule gives detailsabout the quantities and timing of
the planned production of every product of an organization. TheMPS providesthe
sales personnel withinformation about how many units of a product they can commit
to customersinagiventime period.

Table4.2illustratesthe difference between aggregate planand master production
Schedulefor atoy manufacturing company.

Table 4.2 Differences between Aggregate Plan and Master Production Schedule

Aggregate Plan Figuresin ‘000
Apr. May June July August Sept.
300 400 350 375 350 290

Master Production Schedule

Apr. May Jun. July August Sept.
Model

A 100 120 110 130 125 90
B 100 80 125 125 110 100
C 100 100 115 120 115 100

The sumtotal of the master production schedulewill bethe aggregate plan.

Thetimeinterva used inMPSvariesfromfirmtofirm. It dependsonthetypeof
products used, the volume of production, and the lead times of the materials used.
Thisspan of timethat the MPS coversiscalled the planning horizon. Typically, within
the framework of atwelve-month aggregate plan, the MPS is updated weekly to
reflect changing salesdemand and aso internal problemswhich require scheduling.
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In manufacturing, the planning process can be stated asfollows:

¢ The production control group inputs existing or forecast ordersinto an
Aggregate Plan. Fromthis, the MPSisderived.

e TheMPSgeneratesthe quantitiesand dates of specific itemsrequired for
eachorder.

¢ Rough—cut capacity planning then confirmsthat production and warehouse
facilities, equipment, and labour are available and that key vendors have
alocated sufficient capacity to provide materialswhen needed.

¢ Thenthe Material Requirements Plan (MRP) ismade.

¢ Thisplanspecifieswhenthe productsneed to be made, what theraw materials
are, when and how many are required and when the order should be placed
withthevendors.

e Thefina planning activity isdaily or weekly order scheduling of jobsto
specific machines, productionlines, or work centres.

Example4.3

Study theproduct structuretree givenasfollows. If 100 units of A areto be supplied
in eight weeks, prepare thebill of materiasand planned order releases.

AlLT-2
B(2) LT-1 C(4)LT-3 D(3) LT-2
ERQ)LT-3 F@Q)LT-3 G(5) LT-3 H(6)
LT-1
Solution:

If Aisto beready in 8 weeks, B, C, and D should beready by the sixth week because
it takes 2 weeksto makeA.

Similarly, if B hasto be ready by the sixth week, E and F should beready by the
fifthweek (6—1).

G and H should be ready by thefourthweek (6 —2).
Therefore, the order should be placed in2 weeks (E =5-23)

Now, B hasto beready by the sixth week and it takes one week to make it
ready or to buy it, so order for B should be placed in thefifth week.

For Lunit of A, 2unitsof B arerequired, so for 100 unitsof A, 200 unitsof B
will berequired.

For 1 unit of B, 3unitsof E arerequired, so for 2 unitsof B, 6 units(2x3) of E
will berequired.



Cdculating for dl theitemsand tabulating them, we get,

Item No.reqd. For 100 units Lead Tobe Tobe
of A time readyin ordered
week# in week#
A 1 100 2 8 6
B 2 20 1 6 5
C 4 400 3 6 3
D 3 300 2 6 4
E 6 600 3 5 2
F 6 600 3 5 2
G 15 1500 3 4 1
H 18 1800 1 4 3

4.4.1 Capacity Planning
Capacity Planning isan aspect of production planning. Capecity istheability to produce
and capacity planningistheprocessof identifying the capacity of aproduction unit
that isrequired for producing so asto meet the current and future demands.
Anorganization doescapacity planning when:

1. Itisstartinganew manufacturing unit.

2. Itisincreasing volumesof an existing manufacturing unit.

3. When new productsare being introduced.

4. When thereisachangein demand—addition, deletion of products.

Factorsaffecting capacity planning

Thefactorsthat affect capacity planning areasfollows:

1. Type of product or service: The capacity of a company depends on the
productsit manufactures. If it isatallor-made product, thevolumeof the products
cannot behigh. But if it isageneral or standard product the volumeswill be
high.

2. Typeof process. Whether the process is manual or automated also affects
capacity. In manual processes, capacity islow. More manpower needsto be
employed to increase capacity, and eventhen therewill bevariationsin products,
performance, etc. Inautomated processes, thevolume of output will be uniformly
high.

3. Type of technology employed: Capacity also depends on the technology
employed. A high-end technology will producebetter productsat amuch faster
rate, and therewill belesswastage. Availahility of facilities such as space, power,
etc. also affects capacity.

4, Skill level of workers: If theworkers are better trained and motivated, the
output will increase.

5. Availability of raw material: Easeof raw materia availability will also affect
capecity.
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6. External factors: Government policies, tax limits, production limits,
etc., aso affect capacity.

M ethods to modify capacity

Strategiesto modify the capacity can be broadly classified into short termand long
term.

Short-term methods

These methodswill change the capacity or quantity produced inthe short term. But
they cannot belong-term solutionsto vary the capacity of the organization. The short-
term methodsto vary capacity are:

1. Inventories Companiesmay continueto produceduring periodsof low demand
and pile up stock. Thiscan be used during periodsof increased demand.

2. Labour: Companieshire manpower during periodsof high demand and lay off
during periodsof low demand. They may aso pay overtimefor extended working
hoursor alow relaxed working hoursduring low demand.

3. Multipleskills: Some companies develop multiple skillsof their employees.
Thisisuseful becausejob rotation canbe doneto take careof fluctuating demand.

4. Processredesign: Sometimes, changing job content at eachworkstation can
also take careof fluctuating demand.

5. Subcontracting: Many companiessubcontract part of their jobs. For example,
during peak demand, some companies get their products made by another firm.
Oncetheproduct ismade, they inspect it and giveit their brand name.

6. Maintenance: Some companiesreschedulethelr routinemaintenanceto periods
of lessdemand so that production during high demand periodsis not affected.

Long-term methods

These methodstake along time to modify capacity. They can beof two types:
1. Capacity expansion
2. Capacity contraction
1. Capacdity expanson: Thismethod requires considerableinvestment intheform
of moreland, new machineries, more manpower, etc. They can again be of two
types

(i) Expand onceinfiveor moreyears: Thismethod isadopted whenthe
company has to borrow externally for expansion. It requires a huge
investment, but the company isassured that itssupply will always meet the
demandinthefollowing years.

(i) Expand alittleevery year: Itsadvantageisthat the company need not
borrow heavily for investment; often thefunds aregenerated internally. A
company adoptsthispracticeif it feelsthat the demand will increase alittle
every year.

2. Capacity contraction: When acompany feesthat itsproducts have entered
the decline phase of their life cycle, it may decideto diversify or discontinuethe



product. It then sells off or transferstechnology and skill to other companies.

The capacity may also be reduced and alocated to other products of the

company.

The capacity of awork centre is an important element for process design.
Capacity isusualy specified interms of available hours, either for machinesor labour.
Capacity should include an efficiency factor reflecting downtime for failure and
maintenance. Let usillustrate thisby thefollowing examples.

Example4.4

A production house consistsof four machines, each of whichisused during an 8-hour,
one-shift operation. Theefficiency of each machineis 90 per cent (that is, themachines
are expected to be down 15 per cent of thetime). Find the capacity of the production
house.

Solution:
The capacity of one machineinthe production housein one shift
8x0.9=7.2 hours
For 4 machinesitis=7.2 x 4=28.8 hours.
Example4.5

A gedd melting shop isdesigned for production of 60 tons/heet, and the efficiency is90
per cent. Thefurnace runs 168 hoursinawee, i.e., 7 daysrunning. If theaverage
heat timeis4 hours/hesat, find the rated capacity of the steel melting shop per week.

Solution:

. 168x60x% 0.9
Rated Capacnyz% = 2268 tons/week

Thelinear programming method ishowever the most commonly used method
to find capacity.

4.4.2 Main Functions of Production Planning and Control

Themainactivitiesencompassing production planning and control (PPC) areasfollows:

1. Order preparation: Thework of PPC beginsonce an order isreceived from
the salesdepartment. Thisorder isthen convertedinto a‘work order’ or ‘shop
order’ and sent to various departments concerned, for planning action at their
end.

2. Materialsplanning: Oncetheorder isreceived, the PPC decidesontheraw
meaterialsrequired for manufacture, taking into account the capacity of various
production shops, the bill of materials, inventory on hand, and lead time for
procuremernt.

3. Routing (or processplanning): Routing meansdetermination of the sequence
of operationsfor manufacturing aproduct or service. Thispathisdeterminedin
advanceand formsthe basisfor mogt of the scheduling and dispatching functions.
According to Kimball and Kimball, * Routing isthe selection of path or route
over which each pieceisto travel in being transformed fromraw materia into
finished product’.
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Routing includesthefollowing activities:

¢ Deciding thevolume of production

e Selecting themen, machines and materialsto be used initsproduction
¢ Deciding thetype, number, and sequence of production operations

¢ Deciding the placewhere productionisto be carried out

When routing or process planning isbeing done, aroute sheet isprepared. This
isdoneinthefollowing manner:

(i) Theproduct isanalysed with regard to itsconstituent parts. A decisonis
then taken asto what parts areto be manufactured and which areto be
purchased.

(i) The specifications, grade, quality and quantity of materialsto beusedin
production are determined.

(i) Thenumber of manufacturing operations and their sequenceis determined
and listed ontheroute shest.

(iv) Theprocesstimefor each operationand the type and number of machines
necessary to produce are determined.

(v) Thelot sizefor production isdetermined keeping in mind the customers
orders and rejections and spoilage anticipated during the course of
manufacturing.

4. Estimating: Thisinvolvesestablishing the operation timesfor every process,
thisalso leadsto fixation of performance standardsfor both men and machines.

5. Scheduling: According to Spriegal and Lanburgh, ‘ Scheduling involves
establishing theamount of work to be done and the time when each element of
work will start or order of thework’.

Thus, schedulingincludesthe following activities:
¢ Determination of quaity and rate of output of the plant or department
o Allocation of timefor each operation

Scheduling indicates when the work will bereleased to the plant inaprescribed
order andin proper sequence. It fixesthetime of gart and completionof the operation.

The scheduling function beginswhen the following informationisfurnished:
(@ Date of delivery specified by the customer’sorder
(b) Timerequired for assembly and subassembly process
(c) Timeto betakeninthe productionof component parts
(d) Timerequiredto make purchases

(e) Timerequired for moving the materials from one station to the other,
ingpection, etc
() Priority of orders
Necessary provisonsfor unforeseen contingencies such aspower breakdown,

strikeand lockout, absence of workersor rush of ordersof extremeimportance, etc.,
are usually made when the scheduleis prepared.



6.

10.

12.

L oading: Thisinvolves allocating jobs to machines as per the capacity of
machinesand priority of jobsto bedone, so that the machinery isutilized to the
maximum possibleextent. It indludesthefollowing activities:

e Preparation of machineloads

e Fixing of actud dates of various operations/sequence of operationsto be
performed onthejobs

¢ Coordinetionwith thesdesdepartment to confirm delivery datesand keeping
theminformed about the status of the schedules

. Digpatching: Dispatching means preparation and distribution of work orders

and manufacturing instructionsto the concerned departmentsin accordance
withthe detailsworked out under routing and scheduling functions. Thework
order received by the various departmentsisan authority for themto start the
work according to that schedule.

According to Spriegal and Lansburgh, ‘ Dispatching involvesthe meeting of
schedules by proper utilization of machines work—places, materials and
workers, as designed by therouting. The dispatching unit of the planning
department thusincludes personswhose duty it isto seethat ordersareissued
to the shop, that materials are at thework place, that toolsare provided, that
job cardsareissued, and, ingenerd al necessary sSepsare takento ensurethat
the schedules will be properly carried out’.

. Progressing: Thisinvolvescontrolling the process of production, collection of

data from various manufacturing shops, recording the progressof work and
comparing progressagaing the plan.

. Expediting and follow-up: Follow-up meansto seewhether thework isbeing

carried out according to the planand ordersand instructionsissued. It ascertains
that the materials, toolsand equipment are supplied at the job at theright time
and to theright person or job. Follow-up isthe meansby whichthe progress
and execution of the planisevaluated fromtimeto timeand divergencefromthe
planisnoted. Thereasonsfor such divergence are thenfound out and efforts
aremadeto eiminate themfromthe plan.

I nspection: Ingpection meanscomparing the actua with thewritten or expected
specifications and assessing whether they have been met. Inspection can be
processingpectionor product ingpection, inwhich the processor theproduct is

ingpected respectively.

. Codt control: Production planning and control isresponsiblefor cost control

and cost reduction by reducing or eliminating wastes, value analyss, etc.

Miscdlaneousfunctions Inadditionto theabove sated functionsof production
planning and control, there are certain miscellaneous functions such as building
cost estimatesfor products, fixing sandardswith thehelp of industria engineering
department, capacity planning, making or buying decisions, making specifications
of raw materids, processimprovement, etc., that haveto be performed. Another
functionistaking corrective measures. |f the production manager fedsthet routing
isdefective or schedulingisrigid and unredlistic, he canrectify theroute and lay
down redlitic and flexible schedules. Workload, machines and men should be
determined scientifically, and an effective and optimum utilization of the plant’s
capacity should bethe objective.
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Sometimesabnormal stuationslike strikesand power or machinery breakdown
can upset thework schedules. Insuch situations, the production manager should adjust
the schedulesand make up for delays. The production manager isalso responsiblefor
appraising the performance of personnel working inthe production department.

Benefits of production planning and control

By learning about the functions of ‘ production planning and control’, you would have
redizedthet it isthe nerve centreof any production organization. Aneffective production
planning and control system gives many benefitsto an organization. These benefits
ae

(8 Better qudity of products

(b) Better utilizationof resources

(©) Reductionininventories

(d) Reductioninmanufacturing cydetime

(e) Better customer servicesdueto adherencein delivery dates
(f) Lower production costsso profitswill increase

(9 Improved market share dueto goodwill whichis caused by better productsat
lower costs

(h) 1t givesacompetitive advantage to the firmwhen comparedto competitors
with poorer PPC system

(i) Dependahility onthefirm resultsin earning goodwill inthe market
4.4.3 Production Contral

So far, wehavelearnt what production planning and control is, what itsmainfunctions
are, itsadvantagesand what production planning is. Now wewill learn about production
control.

Input/output control

Oneaspect of production control isinput/output control. The concept isthat the planned
work input to awork centre should never exceed the planned work output. Whenthe
input exceedsthe output, backlogsbuild up a the work centre, congestion occurs,
processing becomesinefficient, and the flow of work to downstreamwork centres
becomes sporadic. The control processwould entail finding the cause of upstream
problemsand adjusting capacity and inputsaccordingly.

Shop-floor control

Shop-floor control isalso called production activity control. It isthe heart of any
manufacturing organization. TheAPICSdictionary defines shop floor control system
as, ‘A sysemfor utilizing datafrom the shop floor aswell asdataprocessing filesto
maintain and communicate statusinformation on shop ordersand work centres .

The mgjor functions of shop floor control are:
(@ Assigning priority of each shop order
(b) Maintaining work-in-processinformetion
(c) Maintaining shop-order statusinformation



(d) Providing actual output datafor capacity control purposes

() Providing informationfor inventory and accounting purposes

(f) Measuring efficiency, utilizetion and productivity of manpower and mechines.
4.4.4“REL” Chart
Thisdenotes Relations Chart. The chart depictsthe relationships between various
departmentsand their relativeimportance. Therelationshipisgraded as

A - Absolutely Essentia

- Essentid
- Important
- Ordinary
- Unimportant
- Undesrable

X C O — m

Assembly

Fabrication

Job planning

Pattern shop
Shipping
Testing

Wiring

Fig.4.6 ‘REL’ Chart

The departmentswhich fdlsinthe® A” rdationship should be placed together, whereas
thosefdling under “x” relationship can bemutually exclusive. Thisgives scope for the
layout designer to position variousdepartmentsof the organization for optimum utility.

4.4.5 Assembly Line Balancing

Wehavelearnedthat for high volumecontinuous production, alinelayout ispreferred.
Thisisalso called an assembly line.

The production planning problemin an assembly line isabouit:
¢ Edtablishing production ratesof thefina product fromtheline
¢ Obtaining thisproductionratewith optimal workforcelevel

Thisisdone so that the costs are reduced and there is smooth and regulated flow of
meaterial through a sequence of operationsat auniformrate. The processthrough
which thisis accomplished iscalled assembly line balancing.

Suppose, inaline, one operation takes 10 minutes and the next operationtakes
2minutesonly. Then, therate of productionin thislinewill be one unitin 10 minutes,
i.e.,, therateof productioninaline will alwaysbethe rate of the lowest operationin
theline.

The operator of the 2nd operation will beidlefor 10—2 =8 minutes, every 10
minutes. Thisisahuge wastageof time.
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Assembly linebalancing triesto reducethisidle time between operations so that
the operationstake place at the lowest possibletime. Thisisdoneby equalizing the
output ratesof groups of operations, by ‘ balancing’ them, hence theterm assembly
line balancing.

However, before we proceed further, we should know what ‘work centres
are. Welearnt that awork centreisan areain abusinessinwhich productiveresources
are organized and work iscompleted. Thework centre may be asingle machine, a
group of machines or an areawhere aparticular type of work isdone. Thesework
centresare organized according to functionin ajob-shop configuration; or by product
inaflow, assembly line, or group technology (GT) cell configuration.

Let uslearn assembly line balancing through thisexample.

M/s Caterpillar Inc., amanufacturer of garden equipment, has designed an
assembly linefor manufacturing belt-driven lawvn mowers. Using theinformation given
below, let usconstruct the precedence diagram.

Work element Description Immediate predecessor Timetaken
nomenclature of work element of work element (in seconds)

A Bolt leg frame to front wheel Nil 40

B Drilling for fixing rear wheels Nil 40

C Weld rear wheels B 30

D Attach shears A C 20

E Mount the motor D 20

F Mount rubber belts D 30

G Mount filters E, F 50

H Mount tyres E, F 80

| Install rubber mountings GH 10

J Mount nameplate | 10

Total Time 330 seconds

First and foremost, we have to draw the precedence diagram (as shown in
Figure4.7—it helpsusto visudize the predecessor relationships better.

The next step isto group the work elementsinto work centres. We have to
group thosejobsthat are independent of each other, but without violating precedence
requirement.

JobsA and B are independent of each other. So they can become one work
centre. Job C cannot be apart of the samework centre as Job B because to begin Job
C, Job B should be completed. JobsA and B together will take atimeof 40+ 40=80
seconds.

Next, can Jobs C, D and E be clubbed together? Precedence wise, they could
bejoined. Thetimetakenis30 + 20 + 20 = 70 seconds.

Fig. 4.7 Precedence Diagram



Next, Job F cannot be clubbed with Job G or H, since it will violate the
precedence requirement.

Next, Job H would be aseparate work centretaking 80 seconds.

Jobs G, | and Jcould beanother work centre.

So summarizing,

Work Centre 1: JobsA and B = 80 seconds

Work Centre 2: Jobs C, D and E = 70 seconds

Work Centre 3: Job F = 30 seconds

Work Centre 4: Job H = 80 seconds

Work Centre 5: Jobs G, | and J= 70 seconds

Cycletimeisthetimerequired to produce oneunit of thefinished product or thetime
available at eachwork centre.
Inthisproblem, the cycletimeis 80 seconds.

Total time of all the elementd tasks= 330 seconds.

If we reduce the number of work centres, we can minimizeidletime, maximize
efficiency and minimize balance delay. Also, if aworker manseach centre, reducing
the number of work centres means maximizing worker productivity.

Idletimeisthetotal unproductivetimefor al stationsinthe assembly of each unit of
the product. Inthisproblem, it is80 x 5—330 = 70 seconds
Efficiency istheratio of productivetimeto tota time. Inthisproblem, it is
330

200 x 100 = 82.5%

Balance delay is the amount by which efficiency falls short of 100 per cent,
100—-82.5=17.5 per cent.

The aboveexampleisnot theonly way to group thework centres. They canbe
grouped inany manner aslong asthe technological and other sequential requirements
arenot violated.

However, thisvisual method istoo smplistic for complex problemsinvolving a
large number of elemental tasks, so the heurigtic methodsare generaly used inassembly
line baancing.

4.4.6 Line of Balance/Line Balancing

Standardization of products, processes, materials, machines and uninterrupted flow of
meaterialsarethemain characterigtics of thissystem. For such asystem of continuous
production, alinelayout ispreferred. Thisisalso called an assembly line. We have
learnt that assembly line balancing hasto be done in continuous mass production
sysems.

Onanassembly line, several operationsaretightly coupled. Asone operation
finishesthetask, thejobistrandferred to the next operation onthe assembly line. Each
operationor set of operationsisalotted the same amount of timeto completethetask.
Anunbalanced line leadsto inequitiesin thetime required of each operation.
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A balanced lineprovidestwo significant advantages.

1. Thework isdistributed more evenly, reducing theinequity inworker effort;

2. Thegating sationfinishesthetask faster.

Theresult isafaster-moving line with anincreased rate of output and alower
cost per unit.

Balancing the line is an iterative process that requires allocating work and
assigning thework forceto each gtation. Thefollowing stepsgivethe planner agtarting
point for balancing theline:

1. Determinetheoutput required for aspecific period of time, such ashour,
shift or week.

2. Determine the number of standard hourseach unit of output requires.

3. Determinethetotal load for the period by multiplying the desired output
and the number of standard hours per unit.

4. Dividethetota load by the number of gandard hoursof work eachworker
canprovideduring theperiod. Thisnumber rounded upwardistheminimum
number of crew members necessary to producethe required output.

5. Dividethetotal work per unit by the minimum crew sizeto obtainthe
theoretical or ideal work cycle. Thisnumber isthetime each crew member
isexpected to work to balancethe line perfectly.

Thefollowing example demonstrates how to do line balancing:
Example 4.6

An assembly lineisdesigned for making electronic wrist watches. 1f 2,000 watches
need to be produced in an 8-hour shift, each watch requires 54 seconds of work. If
each worker is available 85 per cent of the time and has an average efficiency
of 90 per cent, calculate the number of workersrequired per shift.

Solution

Theload timerequired to produce 2000 watches = 2000 x 54 = 1800 mins.
Effective availability of eechworker =8x 0.85 x 0.9 =367.2 minutes
Therefore, number of workersrequired = 1800/367.2=5

4.5 PRODUCTION SCHEDULING

Inthe previous section you have learnt about assembly linebalancing for continuous
production systems. Next, you will learn how to do production planning for job or
batch processes, where different products areproduced on the sameset of machines.

You have learnt that a schedule is a timetable for performing activities,
utilizing resourcesor dlocating facilities. It schedules, dispatches, tracks, monitors,
and controls production onthefactory floor.

Inthe case of the job shop, jobsneed to be routed through asequence of work
centresto completethework.

Scheduling systems can use either infinite or finiteloading.



Infinite loading occurswhenwork isassigned to awork centresimply based on
what is needed to be done, without consderation of capacity or resourcesrequired to
complete thework or the sequence of thework to bedone. Infiniteloading isbeyond
the scope of our study.

In finite loading, the work is assigned to awork centre only after a careful
consderationisdone of each resource such as capacity of machine, materidsavailable,
manpower available, etc. If anoperationisdelayed dueto amaterial shortage, the
order will wait for the part to become avallable from apreceding operation. Theoreticaly,
al schedulesarefeasiblewhenfiniteloading is used.

Scheduling systems can also be based on whether the scheduleis generated
forward or backward in time Forward scheduling refersto the situation where the
system takes an order and then schedules each operation that must be completed
forward intime. The systemwill then project theearliest datethat an order can be
completed.

Backward scheduling startsfrom some date in the future (generally the due
date) and schedules the required operationsin reverse sequence. The backward
scheduletellswhen an order must be started in order to be done by a specific date
which has been demanded by the customer.

4.5.1 Objectives of Scheduling

Why isscheduling so important in production planning and control ? Thisisbecauseit
enablestheorganizationto:
e Meet duedates
e Minimizeleadtime
Minimize setup timeand setup cost
Minimizework-in-processinventory
Maximize mechineand labour utilization
Therearesevera methodsthat areused inindustry for work centre scheduling,
or smply called job scheduling. Wewill study themost important ones here.

4.5.2 Job Sequencing (or Scheduling)

The process of determining which job to start first, and in what order other jobs
should be processed onthe machine or inawork centre, isknown asjob sequencing
or priority sequencing. Priority rulesare therulesused in obtaining ajob sequence.
Jobs are generally sequenced according to processing time, due date or order of
arriva. Thismethod can be used for both finiteloading aswell asinfiniteloading and
for forward aswdll as backward sequencing.
The following are the common bases on which sequencing isdone:
1. Meeting due datesof cusomersor downstream operations
2. Minimizing theflow time (the timeajob spendsin the process)
3. Minimizing work-in-processinventory
4. Minimizing idletime of machinesand workers
There can be severa situations, there may be number of jobsand one machine,

or theremay be‘n’ jobs and n machines. For each situation, there are methodsfor
sequencing. Wewill learn theimportant ones here.
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4.5.3 Scheduling with Several Jobs and One Machine
Inthefirst case, jobs may be sequenced according to any of the following rules:

1. Minimum ProcessTimeM ethod (MINPRT): Thisisaso known as Shortest

Operation TimeMethod (SOT). Under thisrule, jobwith the shortest process
timeisfirst scheduled, followed by the job with the next lowest processtime
and so on.

. DueDateM ethod (DD M ethod): Inthismethod, thejob with earliest due

dateisdonefirst.

. Firs ComeFirg Served M ethod (FCFS): Inthismethod, jobsare scheduled

inthe order inwhich they arereceived by the company.

. Longest Process TimeMethod (LPT): Thismethod isjust thereverse of

MINPRT method asthejob with longest processing timeisattended first.

. Dynamic Sack/Remaining Operation (DS/RO) or Minimum Slack per

operation (M INSOP) method: Inthismethod, first Dynamic Slack (DS) is
computed. (Thisisthe difference between duetimeand processingtime). This
isdivided by Remaining Operation (RO) time. RO unless specified will be
assumed as one. Final scheduling of the job under this method isdone asper
theranking. Jobwith thelowest DS/RO valueisassgned Rank 1 and attended
first. The next higher value gets Rank 2 and so on.

Which particular ruleismore appropriatefor agiven situation will depend on

the averagejob lateness and the average number of jobsin the system. Thelesser the
job lateness, thebetter it isasit will ensure customer satisfaction, optimum utilization
of machine, reduced dack time, etc.

We will understand all the above methods by means of thefollowing example.

Example4.7

Four jobsW, X, Y and Z need to be done on the same work centre. Their process
timesand duedatesare asgivenbelow. Sequencethejobsby different methods.

Job ProcessTime DueDate
(no. of days) (daysfrom today)
W 5 i
X 6 18
Y 7 2
z 10 14

Solution:
1. Minimum processtimemethod (MINPRT)

W isdonefirst sinceit hastheleast processtime.

Next X is done (By now, total days required = 5+6 = 11; It is less
than 18)

Next do Y, total days required = 11+7 = 18 It isbelow 21. Thus, thereis
no delay.



Next do Z. Total days5+6+7+10 = 28. Plant Layout
It isbeyond by 14 days. So delay is 14 days.

Job Z getsdelayed by 14 days.

2. Duedatemethod (DD M ethod) NOTES
Processtime Flow time Duedates Job
(Cumulative Process time) lateness

w 5 5 12 0

z 10 15 14 1

X 6 21 18 3

Y 7 28 21 7

First the jobs are rearranged in the increasing order of due dates, i.e.,

W,Z,X,Y

Caculatetota completiontime=5+10+6+7 = 28 days.
Next, calculate How Time.
For W=5
Then Z iscompleted after 5+10=15 days.
X=15+6 = 21, Y=21+7 = 28 days.
Cumulative or Total = 5+15+21+28 = 69 days.
Average completiontime = 69/4 = 17.25 days.
Averagejob lateness= (0+1+3+7)/4=11/4=2.75
3. First comefirst served method (FCFS)
I rrespective of the processtimesor duedates, thejob received first isdonefirs.
4. Longest processtime method (LPT)

Processtime Flow time Duedates Job
(Cumulative Process time) lateness
z 10 10 14 0
Y 17 21 0
X 23 18 5
w 28 12 16
28 78 21
Inthiscase, thejobsare rearranged inthe decreasing order of Process Times,
ie,Z,Y, X,W

Tota completiontime=28 days.
Average completiontime=78/4=19.5
Average. job lateness= 21/4 =5.25

5. Dynamic dack/remaining operation (DS/RO) or minimum dack per
operation (MINSOP) method
Assume that the number of operationsfor eachjobareW =2, X =3,Y =2, Z=4.
(Number of operationsmeansthe number of activitieswhich need to bedoneto meke W).
Délivery Date — Process time
No. of operation

DSRD ratio=
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DS/RD ratiosare=W =(12-5)/2=7/2=3.5

Similarly, X =4,Y=7,Z=1.

Rank themwithZ being thelowestat 1. W=2,X=3,Y =4
Rearranging themintheincreasing order of their rank, we get

Processtime Flow time Duedates Job
(Cumulative Process time) lateness
z 10 10 14 0
w 5 15 12 3
X 6 21 18 3
Y 7 28 21 7

Tota completiontime= 28 days
Average Completiontime=74/4=18.5
Average Job lateness=13/4 = 3.25 days
Tabulating dl thereaults:

Sequencing Total Average Avrage Job
Rule completion time time lateness
MINPRT 28 155 4.25
FCFS 28 155 221
LPT 28 195 5.25
DD 28 17.25 2.75
DS/RD 28 185 3.25

We can select the rule depending on our requirements.
4.5.4 Sequencing with Several Jobs and Several Machines

Thismethod wasdeveloped by S.M. Johnson, to minimizeidle timeby prudent job
dlocetion.

Aswiththe earlier method, wewill learn this one through an example.
Example 4.8

Inajob shop, jobsA,B,C,D,E,Fand G haveto be performed ontwo machinesM 1 &
M2 inthe same sequence, i.e; M, first and followed by M,.. The timetaken by each
job on each machineis given below. Determine the sequence of the jobs.

JOB M, M,
2
4
10
5
6

11
6

®@ TMTmoOO >
N B D W oo o ©

Solution:
(@ Lowest timetakenon M, isjob F. So Fisfirst.
(b) Next ‘2 istakenby jobA onM.. So A will belast.
(c) Next ‘3 isjobD onM,. So D is second job.
(d) Next ‘4’ isjobEonM,. SoE isthird.



(6) Also“4’isjob B onM, So B isbeforeA.
(f) Next ‘5" isjob D on M., But D isalready scheduled. So ignore.
(0) Next ‘6" isJob E onM,,. Ignoresince E is aready scheduled.
(h) ‘6’ isalsojob G onM.. So Gisbefore B
(i) Cisleft over. So placeit after E.
So the sequence decided isF,D,E,C,GB,A.
The situation becomes difficult when we have to assign severd jobsto severa

machines. Theindex method and assignment methods are used for this purpose. The
examples below illustrate both these methods.

1. Index M ethod

Thisisamethod of finitejob loading and backward scheduling. The least timeor cost
required by a particular job—machine combination isconsidered as the base and the
indicesfor theother combinations are madebased on the baseindex. Whilealocating,
the capacity of the respective machinesand thetime available are considered, which
under no circumstances should be exceeded. Let uslearn thismethod through this
example.

Example4.9

Inajobshop, five products, A, B, C, D and E, need to be produced on four machines
1, 2, 3and 4. Thenumber of daysit will takeif AismadeonMachine1is10; if Ais
made on2is9days, and o on. Allocate the five jobsto the four machinesso that all
thejobsare completed withinthetotal time available of 20 days.

WORK CENTRE (NO. OF DAYS)

JOB 1 2 3 4

A 10 9 8 12

B 3 4 5 2

C 25 20 14 16

D 7 9 10 9

E 18 14 16 25

No. of days

Available 20 20 20 20

Solution:

Assignanindex number first. For every job, assgn the number 1 to the job-machine
combination having thelowest number of days. Inthisexample, for jobA, 8isassigned
index 1, for B, 2isassigned 1, for C, 14isassgned 1, for D 7 isassigned 1 and, for
E, 14isassgned 1.

Then calculatetheratiosfor the other numbersand tabulate as below.

WORK CENTRE
JOB 1 Index 2 Index 3 Index 4 Index
A 10 1.25 9 1.13 8 1.0 4 15
B 3 15 4 2.0 5 25 2 1.0
C 25 1.78 20 1.42 14 1.0 16 114
D 7 1.0 9 1.28 10 147 9 1.28
E 18 1.28 14 1.0 16 1.14 25 178
Days available 20 20 20 20
Days assigned 7 14 8 2+16=18
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Inthetable, A hasthe lowest index for Work Centre 3. So Aisallocated Work
Centre3.

Similarly, D isassigned line 1.

E=line2

B=line4

For C, thelowest index isat Work Centre 3. But if it isallotted, it will take 8 +

14 =22 days, whichwill exceed the available 20 days. Soif C goesto 1.14 index, that
isline 4. Thenline4 will be booked for 2+16 = 18 days.

2. Assignment or Job L oading

In most job shops, there may be more than onework station available to performa
job. 1t then becomes necessary to choose between dternatives and jobs are dlocated
to themogt time and codt effectivejob-machine combination. Assgnment or job loading
techniqueisaquantitative method which optimizes our decision onjob scheduling.

The Hungarian Method isacombinatorial optimization algorithmthat helpsin
solving theassignment problem. Thismethod wasfirst invented by Harold Kuhnin
1955 and then modified by James Munkresin 1957. The study of this method is
beyond the scope of thiscourse.

455 Gantt or Bar Charts

Thismethod wasintroduced by Henry Gantt in 1917 for usein production planning,
scheduling and control. It isatypeof bar chart thet plotstasks againg time. It isused
for project planning aswell asfor coordinating anumber of scheduled activities. Ina
Gantt chart, thetimeframe, whichmay bein termsof hours, days, weeksor months,
isonthe‘X’ axis. Theactivitiesare plotted onthevertica or * Y’ axis.

Gantt Chartsareused as.
¢ Scheduling or progresscharts, to show the sequence of job progress.
o Load charts toillustrate thework assigned to work group or dlocated to
machines.
o Record charts, to keep atrack of theactua time spent and delays, if any.

Gantt chartsrequire updating at regular intervals, like when starting of work is
delayed, whenwork continues beyond thetime schedule, or when progressof work is
not inaccordancewith actud plan. For unforeseen eventudities, it may be essential to
initiate corrective action, which will require corresponding changesin Gantt charts.

Advantagesof Gantt charts

1. They aresimple and inexpensive and can be devel oped even by asupervisory
staff with someamount of training.

2. The decided time and work schedulesfor every job can be clearly shown.
3. Updating and changes can be made quickly and withlesscost involvement.

4. Thesetypesof chart boardsare availablein standard szesin the market, which
substantially savesthe cos of developing cusomized Gantt chart boards.



Disadvantages of Gantt charts
1. Interrelationships and interdependencies between jobs cannot be shown.
2. Cost aspect of jobs cannot be indicated.
3. Alternativesfor project completion cannot be shown.

Depending onthe nature of requirement, the shape and form of Gantt charts
may be different.

Smaller job shopsand individual departments of large onesemploy the Gantt
chart to help plan and track jobs. Wewill learn how to draw and interpret a Gantt
chart through the following example.

Example4.10

Two jobs, J, and J,, need to be performed ontwo machinesin that sequence, that is
M, first and then M,,. Thetime taken by each job on each machineis given below.
Draw aGantt chart and useit to allocate the jobsto the machines.

Ml MZ
3 3 9
J 5 il

2

Solution:
Supposewe follow sequence J, J,.

Mi| X N

M, | IDLE N} &

0 2 4 6 8 100 12 14 16 18 20 22
WhenJ isonM,, M, isidle. After 3 hours, when J, goesto M., J, startson

Total timerequired inthissequence=3+ 9 + 11 =23 hours.
Suppose wefollow the sequence J,, J.

Mi| & N

Mz2| IDLE N N

0o 2 4 6 8 10 12 14 16 18 22 24 26

WhenJ,isonM,, M, isidle. After five hours, when J, goesto M., J startsinM..
Total timerequired inthissequence=5+9 + 11 =25 hours.
So, J,, J, isabetter sequence since timetakenin lesser.

4.5.6 Shop Floor and Batch Production

Shop floor control system

A shopfloor control (SFC) systemisasetup of controllersand computersthat schedule,
despatch and monitor the progressof work ordersthrough manufacturing onthe besis
of pecific routings.
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An SFC isthe interface between the two following stages. pre-production
planning and shop floor execution. The SFC must be ableto meet the demandsof a
multi-facility corporation, inwhich control must be sustained between co-located
facilitiesdown to individua workstationswithin afacility, aswell asthedemands of a
small corporation, wherethere may be only onefecility. A hierarchica architectureis
required to meet such varied needs. Thehierarchicd architecture containsthefollowing
levels. enterprise, factory, cdl, station and equipments. Eachlevel of the hierarchy is
divided into three basic functions: scheduler, dispatcher and monitor.

Establishing shop floor control isknownto bedifficult to achieve because one
must supervisethe execution of manufacturing processes according to plans, keep in
mind possible delays and learn to dedl with real-time systeminterruptions. Modern
shop floor control systems must be reactive, that isthey should possessthe ahility to
react quickly and in atimely manner to disturbances, whether theseare external or
interna to thesystemto be controlled.

Batch production

Batch production can be defined as the manufacturing and production of anumber
of identicd articleswiththe purpose of meeting aspecific order or acontinuousdemand.
Batch production can be undertaken:

e onlyonceor

o or repeatedly at irregular time periodsas and when demand arises (specific) or

o or repeatedly at regular time periodsto satisfy acontinuous demand.
Theimportant features of batch-type production system arelisted asfollows.

o Economy of scaecan be attained to some extent becausethefina product can
be made standard and manufactured in batches.

e Machines are categorized based on function, similar to the job shop
manufacturing.

e Semi-automeatic, special-purpose automatic machines and semiautomatic
material-handling systemsare usudly utilized to avall of the samenessamong
products.

¢ Skilled labor should be employed to work upon different batches of products.
o Thelayout type and material handling policieslead to highlevelsof inventory.

¢ Thedisadvantageisthat production control and planning are difficult because
of the odd size and non-repetitive nature of ordered products.

4.6 FORECASTING METHODS

All businessandindustrial activitiesrevolve around salesand itsfuture planning. To
know how abusinesswill do we must know itsfuture sales. So salesforecastingisthe
most important activity in aconcern becausedl other activities depend upon the sales
of the concern. In order to understand the meaning of salesforecasting, wemust first
understand the meaning of forecasting. Accordingto Allen, ‘ Forecastingisasystemetic
attempt to probethefuture by inference fromknown facts.’



C.E. Sdtansays, ‘ Businessforecasting isthe calculation of probable eventsto
provideagainst thefuture. It, therefore, involvesalook ahead in businessand idea of
predetermination of eventsand then financial implicationsasin the case of budgeting.’
Thus, forecasting means predicting the futurewith the help of existing facts.

Salesforecasting meansestimating thefuture sleseither intermsof vaueor in
termsof unitsof aproduct or several products. Salesforecagting isrelated to afixed
period of time. Mostly it is made for ayear. According to American Marketing
Association, salesforecagtingis‘ an estimate of salesin dollarsor physical unitsfor a
specified future period under aproposed marketing plan or programmeand under an
assumed set of economic and other forcesoutside the unit for which the forecast is
made. Theforecast may be for aspecified item of merchandise or for entireline.’

The above definitions clearly explain that sales forecasting is nothing but a
guesswork whichisbased on past data, present circumstances and future prospects.
In short, salesforecasting impliesthe development of an effective systemto estimete
sdesfor agpecified period and includesthe following activities:

e Market research

e Analysis of the data of sales vis-a-vis estimation of sales prospects by
sdesmeninther respectiveterritories.

e Combining thesetwo stepsto estimatethe volume of salesand present the
data before thetop management for approval and revison, if necessary.

Sales forecast helpsto predict the future taking note of the past and being
awareof the present.

Salesforecast helpsyouto evauate the past and current salesleve to increase
the annual growth the company, which further helps you to assess the company
according to industry norms. It also helpsyou to establish policies so that you can
eadly monitor the prices and operational cost and henceincreasethe profits. Saes
forecast makes you aware of the minor problems before they become your major
problems.

Salesforecasting isan important activity inthe production field and thewhole
production systemrevolvesaround this concept. Production activities are planned
according to thesdesestimates. Buying, selling, advertising, salespromotions, storage,
packaging, that is, all themarketing ectivitiesare aso planned accordingly. Thus, sales
forecasting may be said to be the very basis of planning, whether concerned with
marketing, production, finance or personnel, and, therefore, for the successful
achievement of overall objectives of the organization, accurate salesforecastingis
necessary. It isadvisablethat thefiguresof salesforecasting once estimated should be
reviewed periodically so that the organization’s plans can be adjusted accordingly.
Sdesforecagting isthe basisof budgeting too, whichisanimportant tool for controlling
the business affairs.

Factors affecting sales

Following arethefactorsthat affect the salesof acompany:
o Seasondlity of thebusness
¢ Rdative state of the economy
e Direct andindirect competition
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Political events
Stylesor fashions
Consumer earnings
Population changes
Westher
Productivity changes

4.6.1 Objectives of Sales Forecasting
The objectives of salesforecasting can be of two types:

Short-run objectives
Long-runobjectives

Short-run objectives

The salesforecasting for one year or lesser period isknown as short-run forecasting.
The short-run objectives of saesforecasting areasfollows:

Formulation of suitable production policy: Thefirst objective of short-run
salesforecastingisto formulate asuitable production policy. It isnecessary so
that problems of under-production or over-production do not arise and future
production of goodsisavailable according to the demand forecast.

Regular supply of raw materials: The second objective of forecastingisto
make provisionsfor theregular supply of raw materialsfor productiononthe
basisof estimated salesduring ashort period. It helpsin maintaining theflow of
productionand minimizing the cost of holding inventory.

Best utilization of machines: One of the important objectives of sales
forecagting isto utilize the available machinesto their maximumcapacity in such
away that in case of increase in demand there should not be any hindrancein
increasing production and in case of decrease in demand, the machine should
not remainidle.

Determination of appropriatepricepolicy: Salesforecast hasanimportant
bearing on the organization’s price policies so that in aperiod of depression, the
price may not increase and in aperiod of inflation, the price may not decrease.

Regular availability of labour: Thenext objective of salesforecastingisto
arrangetrained personnel and non-technical workers so that the organization
does not experience any shortage of personnel during the peak period and at
the same timethey should not remainidledueto lack of productionwork. So,
production planning ensuresthe availability of labour.

Forecagsting of short-term financial requirements: Thefinancia requirements
of the organization depend ontheleve of sdlesand volume of production. Sdes
forecastsenablethearrangement of fundsaccording to theneedsof theenterprise
on reasonabletermswell in advance. It will minimizethe cost of finance.

Setting the salestarget and establishing controlsand incentives. Sales
forecasts help in setting the salestarget for different market segments. The
personnel engaged in the work are controlled with the implementation of

necessary incentives.



Long-term obj ectives

Forecagting of sdlesof morethan ayear iscalled long-termforecasting. Theobjectives
of long-termforecagting are:

e Estimating long-term financial requirements:. Long-term financial
requirements can be predicted on the basis of long-term salesforecasting. Cash
inflow can bevery well estimated by determining cash and credit sdesratio. It
helps planning for credit policy of the organization. It aso determines long-term
needsaswell as capital expenditure.

Planning of plant capacity: Thelong-run objectiveof salesforecastingisto
plan plant capacity in accordance with the demand or salesforecasts. If the
sdlesforecastsreved that the plant capacity will fall short of the future demand,
adecisonto ingall anew plant or to increasethe capacity of theexisting plant
can betaken.

Manpower planning: Another long-run objective of sdlesforecagtingisplanning
for the permanent workforce on the basis of sales prediction so that the best
labour forcemay be availableto run the production smoothly. Management can
decide the mode of training, recruitment, etcfor this purpose.

Budgetary control over expenditures. Inforecaging thesdes al theactivities
areto beforecasted and for thispurpose, various budgets are to be prepared
for theincome and expenditure of the organization. The budgetary figuresare
then compared withthe actua performance and any variationisremoved.

L ong-run production planning: Withthe help of long-run salesforecasting,
long-run production policy can be planned. Inthelong run, the product should
meet thedemandsand other conditions. It will dso help thecompany inarranging
long-term finance.

Dividend and reserve policies. Long-run salesforecasting can aso forecast
the profits of the firm on the basis of gross profit ratio on sale. A number of
managerial decisionsareinfluenced by the quantum of profitsreserve policy,
and thusthedividend policy can bedetermined in advance.

Management should take more carein forecagting and analysing long-termsaes
forecasting figures and ensure accuracy becauselong-termpolicies of companies
aresometimesnot correct.

4.6.2 Forecasting Techniques

Walmartsformulafor success hasbeen to get the right product on the appropriate
shelf at the right time at the lowest price. Thisis possible only when thereisin
place a perfect forecasting system, backed by the most accurate data possible.
The company hasinvested several million dollarsin datawarehousing. They have
more details than any of their competitors on what is going on by product, by
store, by day. Ther forcasting system has dataon point of sale, inventory, products
intransit, market statistics, customer demographics, finance, product returnsand
supplier performance. The dataisused for analysing trends, managing inventory,
understanding customers and determining product mix and presentation at each
store.

contd...
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Walmart has devel oped a demand-forecasting application that looksat individual
itemsfor individual stores to decide the seasonal sales profile of each item. The
system keepsayear’sworth of dataon the sales of 100,000 productsand predicts
which itemswill beneeded in each store.

The dictionary meaning of forecasting isto estimate or predict a future event or
trend. It involvesestimating thefuture - it isnot exactly planning but isan important
input which setsthe planning aspect in motion.

Youwill not learn about the statitical agpectsof forecasting here. Thediscussion
islimited to learning what arethedifferent types of forecasting and when and why they
arecarried out.

Whenever one hasto make decisons about managing or controlling inventories
for production, two basic questions haveto be asked:

¢ How much of eachitem must be stocked?
e When should anorder bereleased and for what quantity?

Inastuation of certainity, wherethe demand and supply are both known and
predictable, it ispossible for the decision maker to expressin terms of probability
situations. But thisisnot possiblein situations of uncertainity and here, subjective
probability comesinto thepicture. Inthiscase dso, it isseenthat uncertain conditions
tend to repeat themselves, so the knowledge towards them increasesand they tend
towardscertainity. Forecasting isvery helpful indealing with uncertainties.

Fromforecasts of demand, the operationsplanisdrawn out. Since frequent
modificationsto the plansare difficult, accuracy of the plansbecomesimportant and
forecastsbecomesvitd. You plan because you cannot forecast accurately. Therefore,
forecasting should be viewed in closerelationship with planning and techniques should
be so chosen asto meet the accuracy needsrequired by planning.

When an operationsmanager drawsout the plan for materialsrequirement, he
sendsit to the materials management department for initiating procurement action. The
materials manager takesaction for procurement, based on hisestimate of how long it
will take for the material to arrive, which depends on thelead timefor ordering and
delivery. So, theoperations manager, forecasts requirements, while materials manager
forecast lead times. Every aspect of logisticsisaffected by theforecasting process.
So, forecasting affects every aspect of production planning and control and inventory
control.

Forecagting helpsin:
¢ |ncreasing customer satisfaction
o Lowering safety stocks
¢ Reducing stock outs
¢ Reducing obsolescence
¢ Better negotiations
o Better prices
¢ Moreéfficient production schedules

There are however, certain limitationsin forecasting. Before embarking on
forecagting it should be remembered that:



e Forecagtingismoreaccuratefor shorter periods.

e [orecasting ismore accuratefor larger groups.

e Forecagting should includeaprovisonfor error.

¢ A sound databaseisaprerequisitefor forecasting.

¢ Forecasting techniques should betested and proven.

Stepsin forecasting

For forecagting, thefollowing basic sepsareto befollowed:

Step 1: Identify theobjectives. It canvary fromtrying to reduceidletime by gppropriate
job scheduling or design changesto keep pace with the changing demand

Sep 2: Determinethetimeperiod of forecast. For capacity planning, long-run estimates
areabetter option, whilefor optimal utilization of existing facilities, short-run
estimates areabetter option.

Step 3: Sdect theright forecasting method, inlinewiththe objectivesand time frame.
Sometimes, morethan onemodd may be adopted simultaneoudy. For example,
forecest for thenext period may beussful for shop floor planning and aquarterly
forecast may be donefor capacity planning and inventory planning.

Step 4: Collect required datal information. For time series analysis, past data is
collected, whereasfor market reseearch, primary dataiscollected by conducting
surveys.

Sep 5: Implement resultsfor managerid decisionsof planning and control.

Step 6: Periodicaly evaluate forecastsby assessing degree of error and reliability and
revise.

Types of forecasting

Forecasting can be classified based on severd parameters. You will learn here some
of themost commonly used methods of forecasting.

1. Classification on the basis of the length of term

¢ Long-termforecad: Itisused for longtermor long-rangeplanning. Theduration
isusualy threeyears or more and covers such aspects as salesby product line,
demand or supply inafive-year plan etc.

e Short-termforecast: Itisused for planning for theimmediatefuture, say severd
months, or weeks. It coverssuchaspects asrequirementsfor the next season,
next month, etc.

e Mid-termforecast: It rangesfromoneto threeyears, e.g., address budgeting
issues, sales plan, future demand, etc.

2. Classification on the basis of situations

Forecasting can beclassified onthe basisof situations. On thebasis, forecasting may
be classified into the following types:

e Forecastingin situation of certainity: Thisinvolve prediction of demand
based onacertain criteriawhichisusually the end product e.g. For example, in
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construction of abuilding the requirement of girders, cement, bricks, etc. can
be predicted during each week of construction.

Forecagting in situation of uncertainity: Thisforecastingisresortedto when
the knowledge about the end product or future demand isminimal or doesnot
exist. Anexample of thiswould bethe materia planning for maintenance for a
newly installed machinery. In such cases, forecasting isbased onan intelligent
aseessment of assumptions, often by acommittee of experts. Delphi techniques,
grossimpact matrix, etc. helpinthisregard.

Forecagtingin situation of risk: Imaginethe stock of groceriesin agrocery
sore. A certainamount of groceriesisstocked based on past patternsand the
assumptionthat thispatternwill repeet itself. Thisisastuationof risk. Statigtical
operationd research techniqueshelp insuch stuations.

3. Classification on the basis of topics of forecast

Forecasting can also be classified based on the topics of forecast. On the basis,
forecasting isof thefollowing types:

Demand forecast: Thistakesinto account the current and projected demand,
inventory statusand lead timesfor an organization. Thisforecasting isthe most
relevant ininventory management.

Supply forecast: Thistakesinto account theissuesthat affect supply such as
dataon current producersand suppliers, technology and politica trends, product
lead times, changeover times, etc.

Priceforecast: Thisinvolvesforecasting of long-termand short-term prices
based on information gathered and analysed about demand and supply.

Types of demand

Beforeamaterials manager beginsto decide how much of anitemisto be purchased,
an operationsmanager needsto work out how much of theitemisrequired for producing
theend product. For this, he needsan additiond bit of fundamenta information about
each of theitemsintheinventory. Anitem can exhibit any of thefollowing three types
of demands.

(i)

(i)

Dependent demand: An item is said to exhibit dependent demand
characteristicswhenitsuseisdirectly dependent on the scheduled production
of thelarger component or parent product of which theitemisapart. Oncethe
total quantity of end product to be manufactured during a periodisknown, the
precise requirement of inputs can be worked out from the bill of materials
(BOM). Dependent demand should not be forecasted but precisaly calculated,
even though the demand for the end product might have been forecasted. For
example, for every motorcycleto be made, two whedlsare needed. The number
of motorcyclesproduced can beforecasted, but the number of wheelsrequired
have necessarily to be calculated, depending on the number of motorcycles
made. Thisisadependent demand.

Independent demand: Theitemsfor which the demand cannot be calculated
accurately fromthe production schedule and bills of materials are said to have
an ‘independent demand’. Such demand can only be forecasted and not



calculated precisdy. The demand for aconsumer durablein the market is not

dependent on any predictable factor sncethetastesand needs of consumers

vary. Theconsumer can choose what, where and whenthey will buy. Similarly,
sparesrequired for day-to-day operation and maintenance of amachinery may
be entirely probabilistic and independent of any specific factor.

For example, in aniron-making facility, iron ore, coal, limestoneand manganese
ore haveadependent, demand whereas furnace oil, refractory bricks, gallery lights
and conveyor beltshave an independent demand.

Thedigtinction between dependent and independent demandsisrelatively smple
but very essential to theinventory manager. It helpshimto decidewhat should bethe
inventory control policy applicablefor theitem.

(iii) Semi-dependent demand: Thisthird category isespecialy applicablein case
of logigticsand trangportation providers. Whileoverhauling vehicles, components
arereplaced based ontheir condition of wear and tear, the criteriabeing whether
they could safely operatefor another overhaul lifeor not. Thedecisonisusualy
judgemental, taken based on alist of spares replaced on an average during
each overhauling activity. The demand for these sparesis semi- dependent; the
wearing pattern changeswith thelife of the equipment.

Forecasgting techniques

Numeroustechniquesare availablefor forecasting, which can be broadly classified
into two categories: qualitative techniques and quantitetive techniques.
Qualitativetechniques
Quialitative techniquesinvolvecollection of opinionsand preferences, whichare
further quantified using different statigtical tools. The most commonly used quditative
techniquesare:
(i) Grassroots
(i) Consensusforecasting
(iii) Delphi method
(iv) Historical andlogy
(v) Market Research
(i) Grassroots method: It isthe smplest method of forecasting. It startswith
estimates and opinionsand the final forecast isarrived at from these estimates
by review and discussion. Itsadvantageliesin itssmplicity and the association
of all the people who matter. For example, the overall salesforecast may be
derived by combining theinputsfrom each sales person, who isresponsible for
salesin hisor her territory. However the grossroots method suffersfromthe
disadvantage of being highly subjective. It may also betime-consumingand is
very much influenced by immediate events.
(i) Consensusmethod: It believesthat open discussion by agroup would produce
better forecaststhan any singleindividua’s endeavour.
(i) Delphi method: It was developed by the Rand Corporationin the 1950s. In

thismethod, apanel of expertsis selected whose commentsare crystallized
fromtheir responsesto a series of questionnaires. It is of special relevancein
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(iv)

V)

Stuations of uncertainty. Thereisalearning processfor thegroup membersaso
and at the same time there is no influence of group pressure or dominating
individuas astheidentity of theindividual is often concealed.

Historical analogy method: It tiesup the forecast to apreviousforecast. This
method is specially relevant when new productsare being launched, wherea
forecast may bederived by using the history of asimilar product. You just need
to click onany site selling books and you will be flooded with mails offering all
kinds of books! The products are inthe same general category of booksand
may bebought by the consumers. Similarly afirmwhich aready produceskettles
and now wantsto produce dectric kettlescould use the kettle history asalikely
growth modd.

Market research method: It is based on surveys conducted and is usually
employed by organizationsto forecast new product salesor salesof established
productsinnew markets. Datais collected in avariety of ways, such assurveys,
interviews, questionnaires, etc. to test hypothesisabout themarket. You would
certainly not have escaped telephone calls, asking you about newspaper
preferences, your income, habits, and so on.

Quantitative techniques
These techniquesare of thefollowing threetypes.

0)
(i
(ii)

)

Timeseriesanadysis

Causal relationships using cause — effect models

Smulation

Timeseriesanalyssmethod: Time seriesmethod useshistorical datato predict
thefuture. Inthismethod, the element of time comesinto thepicture. Timecan
be short term, mediumtermor long term. Whilethesetermsarerelativeto the
context in which they are used, ashort term often refersto atime period of

under three months, medium termsrefersto three monthsto two yearsand long
termismorethan two years.

Severd time seriesandysisforecasting techniques areavailable; which method
to choosewould depend on thefollowing factors:

e Timeperiod of forecast
Dataavailability
Accuracy desired
Sizeof budget available
Availahility of qualified personnel
The most commonly used methods of timeseriesanaysisare:

(@ Lagt period demand method

(b) Simple average method

(¢) Moving averagemethod

(d) Exponertia smoothing

(e) Trend projections

(f) Regressionanalysis



() Shiskintimeseries
(h) Box jenkinstechnique
(@) Lag period demand method: It isthesimplest method based on past demand.

It does not take into account seasonal fluctuations and so may not alwaysbe
foolproof.

(b) Thesimpleaveragemethod: 1t smoothensrandom fluctuations. Whenthe
demand for a product isneither growing nor declining rapidly, and does not
show seasondl characteristics, thismethod of forecasting canbe useful. However,
thismethod also does not takeinto account seasond fluctuations. Theformula
for caculdionis:

Ft = A(t-1) + A(t-2) + A(t-3) + ---------- + A(t)n
where Ft = Forecast for thecoming period
A(t-1), A(t-2) ---------- + A(t—n) = Actual occurrence inthe past period

N = No. of periodsto be averaged

(c) Weighted moving average method: It is useful to guard against random
fluctuations due to seasonal demand characterestics. Weightsare assigned to
each component of the moving average database, provided that thesum of all
weightsisexactly equal to 1.

(d) Exponential smoothing method: Thedrawback of the methodsdiscussed so
far isthat as each new piece of data is added to these methods, the oldest
observationisdropped and the new forecast iscalculated. Also, inmost cases,
the more recent occurrences are abetter indicator of the futurethan the past
ones.

You can be better understand these methodswith the help of anexample.
Example4.11
Sturdex Mopedslimited hasthe following demand datafor their mopedsfor the six

months:
Month Demand of Mopeds
April 1500
May 2000
June 2300
July 1700
August 1000
September 1200

You need to forecast the demand for october. You will do it by the various
methodsyou havelearned so far.

Last period method
Since demand for September was 1200 units, the forecast for October would be

1200 units.

Smple average method
(1500 + 2000 + 2300 + 1700 + 1000 + 1200)/6 = 1616 units
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Moving average method

Inusing four period moving average method to forecast salesfor October, you will
consider the salesfor thelast four monthsand get the forecast asfollows-

(2300 + 1700 + 1000 + 1200)/4 = 1550 units
Weighted average moving method

Assumethat theanalyst assgnsweightsof 3,2,1,2,4 and 3 for the salesfromApril to
September. Therevised forecasted demand would then be:

3(1500) + 2(2000) + 1(2300) + 2(1700) + 4(1000) + 3(1200) + 15
= 1453 units
Exponential smoothing method

Inthe exponential smoothing method, only three pieces of dataare needed to forecast
thefuture: themost recent forecast, theactua demand that occurred during thet period
and the smoothing constant alpha (o). Alphaisgiven avaluebetween 0 and 1. If the
real demandisstable, say the demand for food, you would likeasmd| value of dpha
to lessenthe effect of short-termor random changes.

Inthe given example, supposethe actual demand for October was 1200 units
against theforecast of 1453 units. Considering o as0.5 (which the company feels
produces best results), the demand for November would be:

1453 + 0.5(1200 — 1453)
1453 — 126 = 1327 units

(e) Trend projections. Thismethod fitsatrend lineto the data pointsto get trend
projectionsand projectsit into the future.

() Regression analysis: Regression is defined as a functional relationship
between two or more correlated variables. Thereationshipisdeveloped from
observed data. The datais plotted first to seeif they appear linear or atleast
partsof thedataarelinear. Thismethod isuseful for thelong-termforecasting of
major occurrencesand aggregate planning.

(@) Shikintimeseries Thismethod wasdeveoped by JuliusShiskin. Thismethod
isused to decompose atime seriesinto trends, seasonal andirregular. It needs
at least threeyearsof historical data. It isvery good inidentifying turning points,
in company sales.

(h) Box Jenkinstechnique: Thismethod isvery complicated but isone of the
mogt accuratestatigtical techniquesavailable. It rdaesaclassof Satigica models
to data and fitsthe model to the time series by using the Bayesian posterior
digribution.

(if) Causal relationships using cause—effect models
Thismethod focuses on the system underlying and influencing theitem under forecast.

For example, salesmay be affected by advertising, presence of competitorsor qudlity.
Forecasting using cause-effect modelsis done by using the following methods—

(@ Cordation-Regressonmethod
(b) Econometric method



©
(d)
@)

(b)

©

(d)

[ nput—output analyss
End useandyss

Corelation regression method: It issimilar to thetime seriesmethod. The
only differenceisthat it containsmultiplevariables. The basisisthat forecast is
caused by the occurrence of other events.

Econometricmethod: It isconsidered very ussful in caseof long-termforecasts
and isconsidered very accurate. It isbased on econometric models describing
some areaof economic activity. All the parameters of the regression equations
areusudly estimated simultaneoudly. Thismode isvery expensiveto develop
but isvery accurate. It isoften used for aggregate demand analysis. It isbased
onmathematica statistics, atheory whichtellshow to makeinferences about a
population (grossnumber) onthebasisof asample. Usudly, firmsin anindustry
arenot too numerous and it isnot useful to select arepresentative sample from
across-section study of firmsinanindustry. Another difficulty isthet firmscannot
neglect therandom variablesin therelationship to be consdered, whichisnot
exact but probahiligtic.

I nput—output models: They focuson sales of each industry to other firmg/

government. They indicate the changein salesthat aproduct industry might
expect because of purchasing changes by other industry.

End useanalyss: It takesinto account statigticsthat moveinthesamedirection
asthe series being forecast. For example, an increase in the price of petrol
would indicateafuturedropinthesalesof cars.

(iii) Simulation models

Simulation models are dynamic models, usually computer based, that allow the
forecaster to make assumptionsabout theinterna variablesand external environment
inthemodel. Depending on the variablesin the model, theforecaster may ask questions
such as- what would happento my forecast if pricewould increase by ten per cent ?
What effect would athree per cent drop in GDP haveon my forecast?

Such studiesare however considered to fal in the realm of specialistsand not

operations. Thesemethods combine economic theorieswith satistical procedures.

4.7 SUMMARY

Theimportanceof plant layout can be summarized inthefollowing points:
0 Economichandling

Effectiveuseof availablearea

Reduction in production delays

Better qudity control

Minimum equipment investment

Avoidance of bottlenecks

Improved production control

Improved supervisory control

O O O o o o o
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Check Your Progress

4. Fill in the blanks with

appropriate words.

(@) Industrial robots were
first introduced in

(b) Scheduling systems can
use either finite or
infinite

(c) The
a combinatoria
optimization agorithm
that helps in solving the
assignment problem.

(d) Production activities are
planned according to the
estimates.

. State whether the following
statements are true or false.
(a) Capecity is usually

specified in terms of
available hours, either
for machines or labour.

(b) Backward scheduling
starts from some date in
the past and schedules
the required operations
in sequence.

(c) Sdles forecast helps to
predict the future by
teking note of the past
and being aware of the
present.

(d) Econometric method is
considered very useful
in case of short-term
forecasts and is
considered very
accurate.
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0 Better utilization of labour

0 Increased motivationinemployees
¢ Therearefour basic typesof layouts:

0 Product layout

0 Processlayout

0 Project of fixed position layout

0 Cdlular or group layout

¢ Production planning isthe cross-functional process of creating an aggregate,
family-level planfor amonth or quarter based on the goa sof the management
for manufacturing, sdlesand inventory levels.

o Aggregate planningisan operationa activity that devisesacumulative plan for
the production processwdll in advance, for providing ideasto the management
intermsof the quantity of materialsand other resourcesto be obtained.

¢ Production scheduling can be referred to asthe allotment of the accessible
production resourcesover timeto idedlly fulfill someset of criteria

¢ A largenumber of forecasting methodsin businessare availablefor enhancing
governing and competence. T hetypesof forecasting method to use are based
onthetypeof theinformationand the degree of precisonthe businessrequires.

4.8 ANSWERS TO ‘CHECK YOUR PROGRESS

1. Thefour basictypesof plant layoutsare: product layout, processlayout, project
or fixed position layout and cellular or group layout.

2. Themain eementsof production planning are:
(i) Manpower planning
(i) Mantenanceplanning
(iii) Aggregateplanning
(iv) Marketing planning
(v) Qudity planning
(vi) Capacity planning
(vii) Financid planning
3. REL chartsdepict therdationship between various departmentsand their relative
importance.
4. (a) 1954
(b) loading
(¢) Hungarian
(d) sales



5.

(& True
(b) False
(c) True
(d) Fdse

4.9 QUESTIONS AND EXERCISES

Short-Answer Questions

1.
. What aretheadvantages of project layout?
. Ligt the basic principles of mass production.
. What arethe benefits of production planning and control?

0 N A WN

What arethe objectivesor aplant layout?

What aretheobjectives of scheduling?

. What arethe disadvantages of Gantt charts?

. Ligt thelimitations of forecasting.

. What arethedifferent quantitative techniquesused in forecasting?
. Definethecorreation regresson method.

Long-Answer Questions

© O N o U A

. Explainthe advantages of agood plant layoui.
. Giveadetailed account of thedifferent types of layoutswiththehdp of diagrams.
. Discussthe concepts of closenessrating and load distance analysiswith the

help of examples.

. Elaborate onthe nature of planning and control inamass production scenario.
. Describethe short-term and long-term methods of capacity planning.
. Writeanote onthedifferent eementsof autometion used in production control.

Explain assembly line balancing in detail with the help of adiagram.

. What isjob sequencing? Explain the concept with the help of examples.
. Discussthedifferent typesof forecasting methodsused in businesses.

Plant Layout
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55 Summary
5.6 Answers to ‘Check Your Progress
5.7 Questions and Exercises

5.0 INTRODUCTION

Materia requirements planning (MRP) and control is a computerized inventory
management system cregted to support production managersin setting up and placing
requestsfor items of dependent exigency. Dependent demand goods are congtituents
of finished products—likeraw materials, constituent partsand sub accumulations.
Theinventory required for these is dependent on the degree of production of the
finished product. For instance, inafactory that manufactures bicycles, dependent
demand inventory articlesmay consist of duminum, tyres, seatsand bikechains.

Theforemost MRP and control systems of inventory management cameupin
the 1940sand 1950s. They made use of mainframe computersto transmit information
fromabill of materidsfor acertain finished product into amanufacturing and purchase
plan for constituents. Sooner than expected, MRP and control grew to takeover
information answer-back loops so that production staff can modify and update the
inputsinto thesysemasrequired. Thenext generation of M RP, known as menufacturing
resources planning or MRP 1, additionaly included promotion, finance, accounting,
engineering, and human resourcesfeaturesinto the planning process. An associated
perceptionthat developson MRPisEnterprise Resources Planning (ERP). Thismakes
use of computers to connect various operative domains across a whole business
enterprise.

MRPworksinthereverse directionfromaproduction planfor finished products
to develop requirementsfor congtituentsand raw materids. MRP startswith an agenda
for completed products that is transformed into an agenda of requirements for
subassemblies, the constituent parts and theraw materials required for making final
productsin thegiven time period. MRPis equipped to respond to three questions:
‘what is needed? , ‘how much isneeded? and ‘when isit needed?

Material Requirement
Planning (MRP) and Control
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MRP changesinventory requirementsto planning periodsfor the manufacturing
to finish ontime, whileinventory levels and associated carrying costs are reduced.
However, MRPsystemscantakealot of timeand proveexpensiveinimplementation.
Thiscan render them unaffordable for small businesses. Additionally, information that
resultsfroman MRP sysemisof the same quality asthat which goesinto it. Companies
should have an organized record of current and accurate billsof materials, part numbers,
and inventory recordsfor determining the probable benefits of MRP.

5.1 UNIT OBJECTIVES

After going through thisunit, you will be ableto:
¢ Discussthe concept of materialsmanagement
¢ Definemateriasrequirement planning
¢ Explaintheconcept of JT anditssignificance
o Listtheadvantagesof JT

5.2 MATERIALS MANAGEMENT: AN OVERVIEW

M aterials M anagement:
The control and
management of materials/
stock in a way that
guarantees the maximum
return for a business

116 Self-Instructional Material

Definition of materials management

M aterialsmanagement can be defined asthe control and management of materias/
gock inaway that guaranteesthe maximumreturnfor abusiness. Maeridsmanagement
involvesdeterminingthe purchase, location, sorage, account-keeping and trangportation
of stock. By transportation of stock, we mean the planning of movement of stock
through variousprocesses of manufacturing, warehousesand channelsof digribution.

Materials management isconcerned with the planning, organizing and controlling
of dl thoseactionsthat are chiefly concerned with theinflow and outflow of materias
into abusiness. Thereach of materials management differs betweenorganizations, and
may include production planning, materias planning and control, inventory control and
storesmanagement, purchasing, movement of meteriasin theand waste management.

Functions of materials management

Materids management generaly includesthefollowing activities.

¢ Purchasng

¢ Procurement

o Didribution

o Warehousing

In materials management, the business operatesby toeing the line betweeniits

financid parametersand the needs of itsinternal customers, i.e., workforce, Effective
materials management relies upon the persona involvement of supply and purchase
managers and supervisorsin executing various supply functions. Some functions of

meaterials management carried out in varioussupply areas directly affect stock and
they areasfollows

¢ Maintenance of allowancelist
¢ Processing of issue orders



e Processing of receipts
¢ Count and reconciliation of physical inventory
¢ Maintenance of stock record

Importance of materials management

Materidsmanagement involvesthe purchasng mix. It isto do with meteria acquistion
and the ability to forecast thegoods availablein the store and the goodsto be supplied
onrequest. Thefunctions are chiefly executed by the goremanager and it ishisduty to
make surethat goods supplied meet the expectationsof the customers.

Themost important role of materialsmanagement isto ensurethat the stores
and supply manager streamlinesthe business'sdemand, salesand issuesasto enable
the manager to be alert to when the organization isrunning short of stock and will
avoid making use of its buffer stock.

5.2.1 Materials Requirement Planning

M aterialsrequirement planning

All processes beginwith planning. Inthegiven context, one needsto plan and caculate
the requirementsand schedules of the materialsto be supplied, based on the demand.
Thetime phased priority planning systemiscalled the materialsrequirement planning.
McGraw Hill has defined (MRP) as, ‘a computer-based production management
system that uses salesforecasts to make sure that needed parts and materials are
availableat theright timeand intheright place’ . MRPisapowerful tool inthe planning
and control of manufacturing inventories. It helpsusto determine our procurement in
termsof:

e What needsto be procured.
¢ How much should be procured.
e Whenshouldit arrive.

The output of the MRP systemwould be:

o Current order releasesto the purchase department and/or to previoudy selected
suppliers, withfirmdue datesof delivery

¢ Planned order releasesfor the successivetime periods
Below arethe definitions of some commonly used terms.

1. Dependent demand: Dependent demand meansthat the demand for an
itemisrelated directly to the demand for some other product. Theitemmay
be acomponent, raw material or sub-assembly. It should be remembered
that demand for acompany’send product may often beforecasted, but the
demand for raw materials and component parts is not forecasted but
calculated. Theassumption generally madeisthat demand for theiteminthe
inventory will occur at agradual, continuousrate. However, inredlity ina
manufacturing Stuation, demand for theraw materialsand components may
occur inlargeincrementsrather thanin continuous units. Suchdemand is
cdled lumpy demand. Thelarge incrementsmay correspond to the quantities
needed to makeacertain batch of thefinal product. MRPistheappropriate
approach for dealing with inventory situations characterized by lumpy
demand.

Material Requirement
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2. Lead time: Thelead timefor ajob isthe time that must be allowed to
completethejobfromgtart tofinish. In manufacturing, thereisordering lead
timeaswell asmanufacturing lead time. The ordering lead time encompasses
thetimerequired from initiation of the purchase requisitionto thetimethe
meaterial isreceived at sores. Manufacturinglead timeisthetimerequired
for the part to be manufactured/processed through the sequence of machines
till thefina product. MRP considersall theselead times. The order placement
datesareobtained fromthe datesthe materiad isrequired, after consdering
thelead timeof theitem. Each order when released in thetime period shown
by the MRP output should arriveexactly at thetimeit is needed by the next
production gage.

Three pre-requisite inputsfor MRP

Three pre-requisteinputsfor making MRPwork are:
1. Magter Production Schedule (MPS)
2. Bill of Materids(BOM)
3. Inventory RecordsFile

1. Magter production schedule (M PS): Formulation of anaggregate planis
thestarting point for MRP and isbased on the expected receipt of acertain number of
ordersfor agiven family of productsduring the planning period. Various forecasting
techniquesare used to determine an approximate aggregate demand for the product
family. The plan must be firmed up for areasonable period of time because overall
production volume cannot be changed abruptly without incurring significant unplanned
costs. Every production volume utilizesagiven mix of labour, materiasand equipment.
Whenthe output rateis changed, anew optimal mix must be achieved by re-adjusting
theusagerate of the variousresources. Eventhough it ispossibleto changeinthelong
run, intheshort run, it isdifficult to doiit efficiently.

Themeaster production scheduleis derived fromthe aggregate plan. It trandates
theaggregate planinto specific numbersof specific productsto be produced inidentified
time periods.

The example illustrates the difference between aggregate plan and master
production schedulefor acar manufacturing company.

Aggregae Plan Figuresin ‘000

Month | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
No.of |70 |80 |80 |60 (55 |52 |55 (60 |70 |70 |75 |75

cars

Master Production Schedule (for producing thecars) Figuresin ‘000
Month | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Model [25 [30 (30 |25 [20 [20 [25 |20 [25 [25 [25 |25
|\A/|ode| 30 [35 [30 [25 [25 [22 20|25 |30 [30 [30 |30
I\B/Iodel 15 (15 |20 |10 |10 |10 |10 |15 [15 |15 |20 |20
C




Thetimeinterva usedin MPSvariesfromfirmtofirm. It dependsonthetypeof
products used, the volume of production and thelead timesof the materidsused. This
span of timethat the M PS coversis called the planning horizon. Typically, withinthe
framework of asix to twelve month aggregate plan, the master production scheduleis
updated weekly to reflect changing salesdemand and aso internal problemswhich
require scheduling.

2. Bill of materials(BOM): Thelist of all the materialsand their quantities
required to manufactureanitemiscalled itshill of materials. Thisisusedfor caculating
the specific materid requirementsfor agiven production schedule during aspecific
time period. It isaso called the product structurefileor product tree.

3. Inventory recordsfile: Thiscomprisesthe itemwise inventory records
indicating theitem aswell asthe quantitiesin stock, besdesahost of other information
withrespect to every itemintheinventory.

The MRP process

For an accurate MRP system, it isfirst and foremost essential to have an accurate
MPS, accurate bill of materials and accurate inventory records as shown in
Figure5.1.

Sales
Forecast
Customer Service Parts

orders \ / requirement
A

Bill of MRP Inventory
Materials | Processor | Records

A

Output
Reports

Fig. 5.1 The MRP Process

Theflow chart aboveillustratesthe MRP process. The MPS, bill of materids
andinventory recordsarefundamentally used to build the MRP system.

Every itemto be manufactured/assembled requires someitems of independent
demand and someitems of dependent demand. Theindependent demand itemsare
forecast and specified on MRP. The dependent demand itemsare calculated based on
the bill of materialsand relationship of the products. For instance, suppose 1 unit of
product A requires 1 unit of product B and two units of Product C;
If 1,000 unitsof Product A haveto be manufactured, 1,000 units of B and 2,000 units
of Cwill berequired. Besides calculating the exact requirement thus, MRP can also
reschedule the requirement of B and C if schedule of A ischanged.
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manufacture an item

Inventory Records File: The
item wise inventory records

indicating the item as well as
the quantities in stock
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Next issue is the lead time. The time taken to procure the raw materials,
component parts, sub-assembliesand assembling the fina product arerepresentedin
theform of variouslevels depending upon thelead time each of themtake.

For example—

Level 0—End Product

Level 1—Assembliesand sub assemblies

Level 2—Component parts

Level 3—Raw materials

I ndependent demand itemsarelisted intheMPSat Leve Ointhebill of materials.

The MPSisfirst exploded to level 1to reflect the demand for assemblies. If
there are enough assemblesinthe inventory to take care of production, it sopsthere.
If not, MRP subtractsthe available inventory from the demand to find out how many
assemblies need to be ordered. MRP then offsetsthe assemblies' lead timeto find out
when the order isto be placed.

The MPSisnext exploded to Level 2 to reflect the demand for component
parts. If thereare enough component partsintheinventory to take careof production,
it stopsthere. If not, MRP subtractsthe available inventory from thedemand to find
out the number of partsthat needto be ordered. MRPthen offsetsthelead timeto find
out whenthe order isto be placed.

Similar processisthen carried out for Level 3.

The purchase department then takes action to order, defer, expedite or cancel
orders. Thefollowing examplewill helpillustratethe same.

Example 5.1
Study thetable given below.
Time Period (in months)
1 2 3 4 5 6
Requirement | 20 20 20
Ordersplaced | 20 20 20 20

For Period 1, 20 unitsarerequired and ordered. MRP recommendsthe order
for 20 units. I nventory would be zero at the end of period 1.

In Period 2, thereisno requirement but thereisan order of 20 units. MRP will
recommend deferring the order to period-3.

In Period 3, thereisarequirement of 20 units but no order. If theorder is not
deferred inperiod 2, there will beidleinventory for one period.

In Period 4, thereisarequirement of 20 unitsbut no order. However in Period
5, thereisan order of 20 units. MRP would, therefore, recommend expediting or
preponing the order to period 4 so that thereisno stock out.

In period 5, thereisan order for 20 units but no requirement. So MRP will
recommend cancelling the order.

Thus, MRPisavery powerful tool which can adapt to change in requirement
by manipulating the purchase orders suitably. It thus helps reduce shortages,
improve productivity and minimize inventory.



Example 5.2

Product ‘A" ismade up of oneunit of ‘B’ and oneunit of ‘C’. Item B ismadeup of two
unitsof Cand oneunit of D. The quetionisto calculate the requirementsof items B,
CandD.

First, themaster production schedule for independent demand for product A is
developed. Then, itshill of materialsisexploded to calculate the dependent demand
for partsB and C.

Note: The stepshaveto befollowed separately for eachitem.

Next, find out the on-hand inventory and the due datesfor receipt of thereleased
orders. Based onthisinformation, MRPwill calculate the planned order releases.

Beginwithitem B. For thisitem, it isassumed that the order quantity is 10 units
and lead timeis2 weeks.

Item Time periods
ﬁ’; | 1 2 3 4 5

Master Production Schedule:

LA | [10 | |15 | [15 |
Requirements

B | [10 | |15 | |15 |
Released Order Due

|B | | | |10 | | |

Projected on-hand inventory (taking into account thereleased order due)

|B | 10 |0 |0 | -5 |-5 | -20 |

The problemisthat the onhand inventory beganwithastock of 10 units. This
takes care of the requirement in period 1. Supply of 10 unitsreceived in period 3 will
take care of requirement in period 3 but there will still be ashortfall of 5 units. There
will be no stock to meet the requirement of period 5.

The MRP, therefore, will recommend two ordersof 10 unitsto bereleased so
that stock isreceived in period 3 aswell asperiod 5. At the end of period 3, 5 units
will beleft behind. Another order of 10 unitsreceived inperiod 5, will takecare of the
requirement of period 5.

Planned ordersdue:
B | | | | 10 | (10 |
Planned ordersrelease (if lead timeis 2 weeks):

B | [10 | [ 10 | | |

Having worked out for item B, work out for item C. For C assumethat the
order quantity is10 unitsand lead time is 2 weeks. | nventory availableonhand is 25
units.
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With thisinformation, thetableisasfollows;

Item | Time periods
A On |1 2 3 4 5
hand
Master Production | A 10 15 15
Schedule
Planned order | B 10 10
release
RequirementforA | C 10 15 15
RequirementforB | C 20 20
Total requirement | C 30 35 15
Released Order due | C 20 20
Projectedonhand | C 25 15 -20 0 -15
Planned orderdue | C 20

Planned orders C 20
release

The problemon hand isthat the inventory began with astock of 25 units. The
requirement in period 1is 30 unitsand astock of 20 unitsaso arrives. So, thereisa
balance of 15 units.

In period 3, 35 unitsarerequired but the sock isavailablefor 15 unitsonly. So,
order should be placed for 20 unitssuch that it isreceived in period 3. Inperiod 4, a
stock of 20 unitsarrives. Thiswill take care of requirement in period 5 and astock of
5unitswill beleft over.

Similarly, one canwork out the requirement of itemD.

Most firmswhichuse MRP systemsrunthe programonce aweek. The computer
system exportsthe requirement of materialsto all thelower level componentsand
printsout the planned order releases based on the minimum order quantitiesand lead
times specified for eachitem.

Themid 1980sto mid 1990swas characterized by increasing technology and
price competition, global and crossfunctional business units, total quality concepts,
more customer focus and efforts for more and more customer satisfaction.
Manufacturers had to face very high pricing pressure caused primarily by increased
competition and easy availability of goodsglobally. Further, competition wasbased on
supply chain excellence. Companiesredized that delivering excellent customer service
profitably acrosscomplex globa supply chain required excellent business processes,
highly trained people and integrated software systems. Al thisforced the manufacturers
tofurther evolvethe MRP sysemsand integrateit with other manufacturing and business
functions. Thisrenaissanceis commonly known asmanufacturing resource planning
(MRP-11).

The MRP system studied above had certaindrawbacks. They were:

1. It could not take into account variation in capacity.

2. Itwasunableto convert the operatior/production planinto financial terms,
hencefinancia planning and control was not possiblein thissystem

3. Itwasnot possibleto smulatestuations, i.e., if management asked ‘what
if ...” questions, it was hot possible to provide answersunder thissystem.



Initially, acapacity requirements planning (CRP) modulewas developed and
linked to the origina MRP module. With further development inthe master production
schedule concept, most of the planning activitieswereintegrated into asingle planning
and scheduling package. Thisintegrated package was called a closed loop MRP
system. Thissystemwas built around material requirementsthat included the additional
planning functions of sales and operations (production planning, master production
scheduling and capacity requirements planning). Once the plans have been accepted,
its execution begins. These include input—output (capacity) measurement, detailed
scheduling and dispatching, anticipated delay reports from both the plant and the
suppliers, supplier scheduling, etc. Theterm‘closed loop’ impliesthat not only are
each of theseelementsincluded inthe overall system, but also that feedback isprovided
by the execution functions so that the planning canbevalid at al times. Thistook care
of thecapacity variable. But till, thefinancial aspect of running abusiness had not yet
beenintegrated.

The next step inthe evolutionary processisthe development of MRP-11. This
new system simply added two new capabilitiesto the closed loop MRP system. They
were thefinancid interface and smulation cgpability. OllieWight termed it manufacturing
resources planning to reflect theideathat more and more of thefirm was becoming
involved inthe programme.

Thefundamenta manufacturing questionsare:
e What arewegoing to make?

e What doesit taketo makeit?

¢ What do we have?

e What do wehaveto get?

Definition of MRP-I1

MRP-11 or manufacturing resources planning can be defined as aninformation system
that integratesall manufacturing and related applications, including decision support,
MRP, accounting and distribution. It isasystem, which alowsmanufacturersto optimize
meterias, procurement, manufacturing processes, etc., and providefinancia and planning
reports.

According to the American Production and Inventory Control Society, Inc.
(APICS), MRP-11 is a method for the effective planning of all resources of a
manufacturing company. | deally, it addresses operationa planning in units, financia
planning indollars, and has asimulation capability to answer ‘what if’ questions. It
includes business planning, sdesand operations planning, production scheduling, meterid
requirements planning (MRP), capacity requirements planning, and the execution of
support systemsfor capacity and materials. Output from these systemsisintegrated
with financia reports such asthebusiness plan, purchase commitment report, shipping
budget, andinventory projectionsindollars. MRP-11 isadirect outgrowth and extenson
of closed-loop MRP. Companies like Nissan have integrated MRP-I1 into their
production planning processes, and have combined it with radical changes in
management philosophy needed to bring about total quality and continuous
improvement.

Material Requirement
Planning (MRP) and Control

NOTES

Self-Instructional Material 123



Material Requirement
Planning (MRP) and Control

NOTES

124  Sdlf-Instructional Material

MRP-I1 process

MRP-I1 isacompany-wide system concerning all facets of businessincluding sales,
production, engineering, inventory and cash flows (refer Figure5.2).

The primary control focus of an MRP systemis order entry. Oncean order is
entered, al themanufacturing functionsare put into motion. Theseinclude:

1. Cog estimates Cogt builds can be ordered frominformationin the other
modules.

2. Inventory control: Existing stock of the product ordered.

3. Bill of materials: What partsare needed to produce the product andin
what quantity?

4. Inventory control: What parts called for by theBOM arein stock and
how much?Thismuch isnot to be bought.

5. Purchaging: What partslised inthe BOM haveto be bought, how much
to buy and when do they haveto be here?

6. Production control and scheduling: Controlling and allocation of
personnel and resources.

7. Invoicing: Aninvoice and shipping documents are made against the
order. Partial shipmentsand periodic shipments are allowed for, and will
draw downthe order quartity.

Aggregate Plan
(AP)

!

Sales &
Operations Plan
(S&0P)

Demand
Management
(DM) Y
s aster
Production
Schedule (MPS)

Inventory
Record
(IR)

Materia &
Capacity Planning

(MRP& CRP)
Process
Plant & Supplier steps/
scheduling routes

Fig.5.2 The MRP-11 Process



This systemworksthrough several modules. The common among themare Material Requirement

expl ained below Planning (MRP) and Control
1. Mager planning module: Thismodule derivesthe requirement from
theannua business plan/aggregate plar/demand/customer orders forecests NOTES

made. It enablesstrategic planning and master scheduling of activities. It
reportsstatusof avalahility of productsand raw materidsonatime period.

2. Materialsplanning module/ inventory module: Thismodule makes
possible online transactions of receipts and issues at soresand records
the material available on stock. It dso maintainsarecord of the detailed
specificationsincluding the part/subpart number, drawings, make/buy
detals rate of usage, where used, etc. It dso endblesthestudy of inventory
such as amount of surplus and obsolete inventory, ABC/XY Z/FSN
analysis, reconciliation with respect to physical inventory, alocation of
materialsfor in-houseorders etc., printing of purchase requigtions, stores
receipt vouchers, goodsreciept note and, sometimes, purchaseordersis
aso possibleinthismodule.

3. Materialsand capacity planning module: Thismodule usesthe mester
production schedule andthe bill of meteriasto determinethe requirements
of variousraw materias/ components’ sub-assembles/ assemblies, etc. It
isalso used to compare the production schedule with the availability of
critical resourcesand provides MRP reports. Thismodulealso takesinto
account aspects such as machining capacities, fabricating capacity,
assembling capacity, finishing capecity, testing capacity, packaging capacity,
€tC.

4. Purchasngmodule: Purchase ordersareprinted either inthismodule or
the materials planning module. Besides, this module maintains dataon
suppliersand analyses vendor performance, ratesvendorsand correlates
it for negotiations and placement of orders.

5. Shop floor control module/ engineering datamodule: Thismoduleis
responsible for tracking information on manufacturing. It sequencesthe
tasksthat areto be performed for manufacturing a particular product and
tracksthework order fromthetimeit isinitiated till itscompletion. All the
parameters such as cost of material, labour and overheads arerecorded
and monitored. It includesfeedback fromthe shop floor onhow thework
has progressed, to all levels of the schedule so that the next run can be
updated on a regular basis. It also maintains record of maintenance:
periodicity, partsrequired, status of machinesindicating their life, repair
records, etc.

6. Cog accounting module Thismodulecalculatesthe absorbed overhead
of materialsand labour and doesthe costing. Financial reportsare also
generated such asoverheadsfor each work center, work inprocesscost,
purchase pricereports, etc.

The modules stated above are not complete by themselves. Combinations of
derivations of these modules are used in the industry. For instance, large companies
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would have a separate shop floor control module and a separate engineering data
module, separate materia control module and aseparate inventory module, etc. The
expertiseisin identifying the requirementsof the company and designing the modules
accordingly.

AnABC andysisof the requirements of an MRP system showsthat it relieson
the

o Skill of people 75% (A class)
e Dataaccuracy 15% (B Class)
e Computer system 10% (C Class)

When implemented, the system streamlines the processes in a company by
giving informationto plan, respondsto changes, meetsddlivery schedulesand keep dl
the costs under control. MRP can be applied even by very small manufacturing
companiesto ensureasmooth flow of production.

5.3 JUST-IN-TIME (JIT)

American companiesdid not pay much attentionto the Japaneseway of manufacturing
till the 1980s. Inthe 1970s, the Japanese had taken substantia market sharein ‘basic’

industries such as steel and in 1980s, started establishing their leadership in other
indugtriessuch asautomobilesand eectronics. Thefull impact of the Japanese challenge
hit the Americans. Companies like X erox realized that theretail priceslisted by the
Japanese for small copierswere at or below evenitsown costs. Ford found that a
Japanese Escort-sized car cost $1800 lesser than the Ford Escort in USA. When
these companiesinvestigated causes, they found that the manufacturing efficiency of
the Japanese enabled thelatter to manufacture their productsat far lower costs.

Study teamsflew to Japan to seeand learn what they weredoing. They found
that the Japanese had a different philosophy for manufacturing called
‘jugt- in-time’ or morecommonly, JT. Just-in-time (JI T) isamanagement philosophy
that strivesto eiminate sources of manufacturing waste by producing theright part in
theright placeat theright time. JIT can aso be defined asan operations management
philosophy. Itsdual objectivesare:

¢ To reducewaste
e Toincreaseproductivity

JT (also known aslean production or stockless production) improves profits
and returnoninvestment by reducing inventory levels(increasing theinventory turnover
rate), reducing variahility, improving product qudity, reducing production and delivery
lead times and reducing other costs (such as those associated with machine setup and
equipment breakdown). InaJlIT sysem, underutilized (excess) capacity isused instead
of buffer inventoriesto hedge against problemsthat may arise.

JT applies primarily to repetitive manufacturing processesin which the same
products and components are produced over and over again. Flow processes are
established (even whenthefacility usesajobbing or batch processlayout) by linking
work centersso that thereisan even, balanced flow of materialsthroughout the entire
production process, similar to that found inan assembly line.



The Textron Automotive Trim Division Plant at Michigan manufactureslower
and upper interior door panels and other inside trim products such asarmrestsfor
Daimler Chryder cars, aswell asthemini vans. The plant’s high volume, high mix
manufacturing process requires 134 door panelsand thirty-seven additional interior
components, with nine different colour combinations and twelve different fabric
materials. The company had won many quality and safety awards and knew they were
good. Nonetheless, their problem wasthat they had too much work in processand
finished goodsinventory. The surplus created production bottlenecks and hogged
floor space. Theexcessinventory forced the company to lease spacein another facility
to make back sde panelsfor the Chrysler minivans.

The company then adopted the JI T principle. This created aquantumleapin
production, WIP plummeted by more than 60 per cent, and average finished goods
inventory dropped from eight—ten hoursto two hours. Thisinventory reduction freed
more than 10,000 square feet of space and the company terminated the lease for
production of backside panelsfor the Chrysler minivan and took it into its production
line.

Over theyears, lot sizes have been cut by 80 per cent and mold changetime
has been reduced by 50 per cent. The current mold changetimeistwenty-one minutes
and the company has st itsdf atarget of fifteen minutesin two years.

Theplants lean manufacturing success hasenabled it to go after new businesses.
They have now signed a contract with Genera Motorsto supply theminterior trim
products. All thiswithinthe samefactory premises!

The basic elementsof J T were developed by Toyotain the 1950s, and became
known asthe Toyota Production System (TPS). J T wasfirmly in placein numerous
Japanese plants by the early 1970s.

TheJT concept isbuilt around the philosophy thet inventory isevil. But itisnot
just amethod to reduce inventories. It isamethod of producing what isneeded when
needed and no more.

J T isfundamentaly based ontwo tenets:
e Eliminationof waste
¢ Respect for humans.
1. Elimination of waste
Waste is defined as any activity that does not add value. Anything over the

minimumamount necessary iswaste. Wasteresults fromany activity, that adds
toitscost without adding valueto it, such asmoving and storing.

Shigeo Shingo, aprominent management guruwho promoted theuseof JIT in
manufacturing listed the ‘ famous sevenwastes' asfollows:

e Wagte of over production

e Wasteof waiting

o \Wasteof trangportation

o Wasteof stocks

e Wasteof motion

e Waste of making defects

e Wasteof processing (whenthe product should not be made or the process
should not be used)
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In other words, waste includes excessinventory, scrap and rejects, excessive
materials handling, movement and time spent waiting for resourcesto become
available, and overhead related to setup times and inspections.

. Respect for humans

Thistenet recognizesthet for asystemto work, humansmust beactively involved.
In addition, they must work as a team toward a common god. Ina JI'T
environment, considerable effort isdedicated to building teams. Work ishandled
by teams on the shop floor, rather than by individuals. Rather than have each
worker onthe assembly line responsblefor anarrowly defined task, teamsare
charged withthe responsihility to assemblethe entire part. Workersare given
more responsibility. InJ T companies, thefollowing is seen:

Expanded job scope

Inadditionto performing their tasks, workers should suggest waysto improve
their performance, performroutine maintenance ontheir machinesand perform
their own housekeeping chores. Often, similar partsaregrouped into families,
and the machineriesrequired to manufacture these partsare grouped together
to formwork cells. Thiseiminates queuing (and waiting) timeand movement
between operations, reduces inventory and reducesthe manpower required.
Workers, however, will haveto run several machines and processeshencetheir
skill level increases. Thisincreasestheir job security and commitment to the
company.

Factory layout

For J T to work, the factory layout should encourage communication among
team membersby placing successive operationsin acompact cell. In addition
to making it easier for workersto communicete, it facilitatesmeterials handling.
Another interesting fact to noteisthat Japanese build small specialized plants
rather thanlargeverticdly integrated manufacturing facilities. Toyotahastwelve
plantslocated inand around Toyotacity. They find large operationsand their
bureaucratsdifficult to manage. The bulk of Japanese plants (around 6,000 and
counting) have between 30 and 1,000 workers.

Automation and process redesign

Monotonous and repetitive jobs are automated or designed out of the process.
Thismakesthework environment better for theworker.

Employee empower ment

Workersare giventhe authority to stop theline. Thusthey become inspectors,
persondly responsiblefor the quality of their output. They can also set the pace
of work and thus maintain quality at the source.

These changesrequire that both management and workersthink of their work
differently. The physical changesassociated with JIT suchasfactory layouts,
can beimplemented withinfinite timeframes. The changeto thework culture
takeslonger and isan ongoing process.



5.3.1 JIT process
Figure 5.3 below showsanormal operationin afactory.

Receiving | Receiving o Inventory
materias inspection

L Sub- Work-In- Final assembly
assembly-1 » process [
inventory inventory

Fig. 5.3 Normal Operation in a Factory

Inthisfigure, after incoming material isreceived and counted, it isingpected for
quality and adherenceto specification. If found all right it isaccounted for and taken
into theinventory. Thisisthen sent to sub-assembly operation-1 shop floor, where it
becomesthe shop floor inventory. Work-in-processinventory follows sub-assembly
operation-1. Thisgoesto sub-assembly operation-2 and so ontill the final assembly.

WhenJIT isimplemented, the receiving inspectioniscompletely diminated and
the responsibility of quality for incoming materia restswith the supplier. Incoming
meaterial isdelivered directly at the point of use at the shop floor. Thiseliminatesthe
duplicate shopfloor inventory. J T cdlsfor athorough streamlining of the manufacturing
processes at the shop floor. Production scheduling should be based completely on
units of thefinished product rather than on the production of sub assemblies. This
helpsto eliminate pile up of work in processinventory and aso helpsin continuous
production, asshownin Fgure5.4.

Receiving Final
materials Assembly

\ 4

Fig. 5.4 JIT Inventory Process

InJT, themanagement focuseson onegod: reducing work-in-processinventory.
The question that is asked over and over againis, ‘why isinventory required? The
answer usually identifiesaconstraint brought about by existing production practices
such as set-up times, quality or machine availability. Fixing these problemsimproves
efficiency.

Companiesthat haveimplemented JI T have recorded phenomenal success.
Harley Davidsonreturned from the brink of bankruptcy to regainits market share.
Hewlett-Packard reported a $16 million reduction in inventory and a 65 per cent
reductionin assembly floor space at its Watham Plant. Corning reduced customer
lead timefrom five weeksto afew dayswhileachieving a98 per cent on-time ddlivery
to cusomers.
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5.3.2 Advantages of JIT

1. Reduction in setup times

Whenthesetup timeislarge, economicsdictatesthat thelot size must also belarge.
By reducing the setup time, lot sizes can be smaler and more productiontimeisnow
available. Several products can be madeat shorter intervals of time. Inventoriescan
be reduced, capacity can increase and the company can respond more quickly to
changesindemand. Setup time reduction can be accomplished by changing the process,
introducing flexible autometion or changing thesetup procedure. One of the advantages
of short setup timesisthat they facilitate the early discovery of poor quality parts,
meaking it possible to correct theroot cause of aproblem. Infact, J T proponents
congder theided lot sizeto beone.

2. Improvement in quality

Asinventory isreduced, pressure for improving quality increases. When apart is
defective, it may bring the next operationto ahdt if thereisno inventory to act asa
buffer. Thekeyisto doiit right thefirst time.

Theimpact of poor quality onthe cost of aproduct issignificant. Any good
quality systemincludesclear specificationsand documented testsfor conformance.
JIT aso emphasizes process capability and design for manufacturability. Process
cgpability meanstheability of the processto make partswiththe desired specifications.
Design for manufacturability means that product designers take into account the
manufacturing capabilities, asthey design the product. Thistask is often done by
integrating designand manufacturing activities.

The benefitsof improving qudity are asfollows.

e Lessrework

o Lessdlowancefor scrap

e Lesshandling

o Letsetups

¢ Lesssubgtitution of toolsand materials

3. Stepsin the production process

Each step in the production process should beincluded only if it adds valueto the
product and eliminates activitiesthat do not add value. For example, when materials
are moved from awork center to the stockroom and later fromthe stock roomto
another work centre, the double handling addsto cost with no increaseinvaue.

Sometimes, the process steps can be reduced by changing the design of the
product. Another exampleisthe receiving ingpection activity in mogt traditiond factories.
InaJdIT factory, materialsare directly delivered to theline a the point of use.

4. Emphasis on maintenance

For equipmentsto produce qudlity partsconsistently, they must bein good condition.
Japanese factoriesdo not have modern equipment, they which, only have equipment
that hasbeenwell maintained as aresult, runs better.



A JT factory hasthedisciplineto alocate maintenance timeonaregular bass.
Workersareinvolved in performing maintenance activities. Therefore, the operators
understand their equipment better and thisreducesthe chance of unexplained defects.
It also dlows operatorsto enhancethe process capability.

5. Reduction in inventory

A reduction ininventory brought about dueto JI T givesasubstantid reductionin
throughput timeaswell aslabour productivity for the organization. All thesewill directly
trandateinto reductionin themanufacturing cossand resultinginanincrease in profits
for the company.

6. Consolidating the supplier base

InJIT, thesupplier base isreduced to amanageable few, and communicationswith
them are encouraged. The aim isto improve the suppliers understanding of the
company’sneeds, ensuring that the materials supplied havethe correct specifications.

InJIT, thefocusisonreducing the supplier baseand placing al ordersfor an
itemwith asingle source. Emphasisisgiven on developing partnershipsand longer
termreationshipsto providebetter qudity productsand rdigbleddiveriesat competitive
cogts. By reducing the number of suppliers, purchasing can manageits suppliersbetter,
deliveries can be scheduled more easily. For the supplier, it may yield economiesinthe
suppliersthat can be passed on to the buyer in terms of lower costs. The Japanese
have beenvery successful inusing thisgpproach. They put together atightly knit family
of supplierscalled keiretsu and have succeeded in obtaining abetter quality at lower
coststhantheir American competitors.

Eventhough J T does an excellent job in reducing lead times and work-in-
process, it has severa disadvantages. They are:

(@ JT hasbeen successtul basically inassembly line manufacturing.

(b) JT requiresastable production plan (that is, without frequent changesin
production plan).

(¢) JT ismore effective when the number of products producedisless.

(d) IT till requiressomework in processso that thereis‘ something to pull’.

Thismeansthat some amount of completed work must be stored at each
workstation, to be pulled by the next workstation.

(e) Suppliers need to be located nearby because the system depends on
smaller, morefrequent deliveries.

Thisisfurther discussed inunit 6.
5.3.3 The‘Kanban' System

‘Kanban’ means‘signboard’ in Japanese. It isthe name givento small cardsattached
to containerswhich hold astandard quantity of asingle part number. To understand
the Kanban system, imagine two work centersA and B. Work center A producesa
part whichiskept inabin. Work center B usesthe partsfromthat bin. Whenthebin
getsempty, itisasignal for work centreA to refill it. Thisempty binisthe Kanban
sgnd.
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The following example shows how the Kanban system worksin an industrial
setup.

Company A buys parts at the rate of 1,000 per day; these are délivered in
containerseach carrying 50 parts, i.e., 20 containersper day. The supplier makesone
delivery per day. Thetruck leaveshispremisesat 9.00 Av, ddiversthemat noonand
returnsto thesupplier by evening.

Thismeansthesupplier should be getting ready 1,000 partsfor supply the next
day. There should also be 20 empty containersavailable at the supplier’sfactory, by
the evening of the previousday.

OnDay 1, thetruck leavesthe supplier’s premises with 20 full containers. At
noon, when it reaches Company A, it deliversthe 20 full containersand picksup the
20 empty containersavailable with them. Meanwhile, the supplier hasbeenworking at
filling the empty containersand hasfilled 10 of them. By the end of theday, whenthe
truck hasreturned, the supplier has completed the 20 containers of work. On Day 2,
the same schedule repeats.

This system has 60 Kanban containers. Theinventory inthe systemis 30 full
containers.

Hour of Day Supplier Truck Company A
9.00Am 20E 20F 10F, 10E
12.00noon 10F, 10E 20F 2E

Thetwo-card K anban system: In practice, companiesuse sysems consisting
of two typesof Kanban cards.

¢ A Move cardto authorize the movement of partsfrom onework center to
the next

¢ A Productioncard to authorize the production of partsby thework center.

The Toyotasystem offersagood illustration of the two-card Kanban system.
Each part madeinaplant issourced fromasingle vendor. Also, theentire production
inventory islocated onthe plant floor. At each work center, they have established points
whereincoming inventory would be ddlivered. Theobjectiveisto haveinventory essly
accessible. Whenthe work center finishesthe work, the completed partisall a one
location. At Toyota, partsare movedin containersor bins. For any pair of work centers,
thecontainersareastandard sze, which arefixed lot Sizes. Thesandard container Sze
aso afectstheinventory level. Thisconcept isfurther discussedin unit 6.

Thefollowing examplewill demonstrate how to caculate the number of kanbans
required.

Example5.3

The demand at awork centreA is 100 units per hour. The container sizeis 25 units.
Assumethat the materials handler comesevery hour to check the box and that if there
isamovecard, it will take another hour tofill therequest. Using asafety factor of 5 per
cent, how many production and move kanbans are required? What isthe average
inventory level?What happenswhen the container sizeisincreased from 25 unitsto
50 units? If thematerids handler picksup the kanbans every half hour, caculatethe
number of kanbansrequired and the averageinventory level.



Solution
No. of containersrequired per hour = 100/25 =4

Lead time—2 hours (i.e., materials handler comes every hour to check and
thenit takesonemorehour tofill)

Therefore, no. of kanbans required—4x2x(1+0.05) = 8.4 or 9 kanbans
Averageinventory level—9x25/2 = 112.5 units

If container sizeis50, no. of kanbansrequired is9/2=4.5, or 5
Averageinventory level—5x50/2= 125 units

If materials handler checksevery half hour, lead time—1+1/2=1.5 hours
No. of kanbans required—~6.3 or 7 (by the same method)
Averageinventory level—7x25/2=87.5 units

5.3.4 Difference between JIT and MRP Systems

The MRP systemis apush system, meaning that the production at one work centre
dependsonit’sdetailed production schedule—it isproduced and ‘ pushed’ to the next
production stage, without considering whether the second stage needsit or not. But
JTisapull sysem, i.e., partsarepulled fromthe previouswork station only when
required. A push syssemsuch as MRP gartswith aforecast of cusomer demand and
production lead times are then estimated. |ncorrect forecasts and estimatesresult in
excessinventory and longer lead times. Theweaknessof J T isthat the sysemdlows
no roomfor evenadight error injudgement. Smaller lot Szesand near zero inventory
gives no roomfor force mgjeure conditions, which are beyond control.

INMRR, theadministrative costsare high. It relieson technology and itseffective
use for success. However, JIT is a very simple system that requires almost no
administrative cost to maintain it. Commitment of humansisthe only investment.
Inventory turns are very high dueto almost zero inventory. Wherethereis human
commitment, J T systemisbound to succeed.

5.4 NETWORK TECHNIQUES

Network schedulingisatechnique used for planning and scheduling large projects, in
thefiddsof congtruction, maintenance, fabrication and purchasing of computer systems,
etc. It isamethod of minimizing the trouble spots such as production, delays and
interruptions, by determining critical factors and co-ordinating variousparts of the
overall job.

There aretwo basic planning and control techniquesthat utilize anetwork to
complete apredetermined project or schedule. These are Programme Evaluation
Review Technique (PERT) and Critical PathMethod (CPM).

A project isdefined asacombination of interrelated activities, all of which must
be executed in acertain order for itscompletion.

Thework involved in aproject can bedivided into three phases, corresponding
to the management functions of planning, scheduling and controlling.
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Planning: This phaseinvolves setting the objectives of the project aswell asthe
assumptions to be made. It also involvesthe listing of tasks or jobs that must be
performed in order to completea project under consideration. Inthisphase, in addition
totheesimatesof costsand duration of the variousactivities, the manpower, machines
and materialsrequired for the project are also determined.

Scheduling: Thisconsgsof laying the activitiesaccording to their order of precedence
and determining thefollowing:
(i) Thedart andfinishtimesfor each activity
(i) Thecritical pathonwhichtheactivitiesrequire special attention.
(iif) Thedack and float for the non-critical paths.
Controlling: Thisphaseisexercised after the planning and scheduling. It involvesthe
following:
(i) Making periodical progressreports
(i) Reviewing the progress
(i) Analyzingthestatusof the project
(iv) Making management decisions regarding updating, crashing and resource
alocation, etc.
Basic Terms

To understand the network techniques, one should befamiliar with afew basicterms
of whichboth CPM and PERT are special applications.

Network: It isthegraphic representation of logically and sequertially connected arrows
and nodes, representing activities and eventsin aproject. Networksare also called
arrow diagrams.

Activity: Anactivity represents some action and isatime consuming effort necessary
to completeaparticular part of theoverall project. Thus, each and every activity has
apoint of timewhereit beginsand apoint whereit ends.

It isrepresented in the network by an arrow,

(O——0
Here Aiscalled theactivity.

Event: Thebeginning and end points of an activity are called eventsor nodes. Event
isapoint intime and does not consume any resources. It isrepresented by anumbered
circle. The head event called the jth event always has anumber higher than the tail
event, whichisalso called theith event.

. Activity .

Tail Head
Merge and burst events: It isnot necessary for an event to be the ending event of
only oneactivity asit can bethe ending event of two or more activities. Such an event
isdefined asamerge event.
\



If the event happensto be the beginning event of two or more activities, it is
defined asaburst event.

Preceding, succeeding and concurrent activities: Activities that must be
accomplished before agiven event can occur, aretermed as preceding activities.

Activitiesthat cannot be accomplished until an event hasoccurred, aretermed
as succeeding activities.

Activitiesthat can be accomplished concurrently, are known as concurrent
activities.

Thisclassficationisrelative, which meansthat one activity can be preceding to
acertainevent, and the same activity can be succeeding to some other event or it may
be aconcurrent activity with oneor more activities.

Dummy activity: Certain activities, which neither consume time nor resources but
areused simply to represent aconnection or alink between the events areknown as
dummies. It isshown inthe network by adotted line. The purpose of introducing
dummy activity is
(i) To maintain uniquenessin the numbering system, asevery activity may havea
digtinct set of eventsby which the activity can beidentified.

(i) Tomaintainaproper logicinthenetwork.

Common &rors

Following are thethree common errorsin anetwork construction:

L ooping (cycling): Inanetwork diagram, alooping error isalso known as cycling
error. Drawing an endlessloop inanetwork isknown aserror of looping. Aloop can
beformed if an activity isrepresented as going back intime.

Dangling To disconnect an activity before the completion of all the activitiesin a network
diagram, isknown asdangling.
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Dangling

Redundancy: If adummy activity istheonly activity emanating froman event and can
be diminated, it isknown asredundancy.

Rules of Network construction
There areanumber of rulesin connection with thehandling of events and activities of
aproject network that should be followed.
(i) Trytoavoidarrowsthat crosseach other.

(i) Usedraight arrows.

(iif) No event canoccur until every activity preceding it has been completed.

(iv) Anevent cannot occur twice, i.e., theremust be no loops.

(v) Anactivity succeeding an event cannot be started until that event has occurred.

(vi) Ussarrowsfromleft to right. Avoid mixing two directions, vertical and sanding
arrows may beused if necessary.

(vii) Dummies should beintroduced only if it isextremely necessary.

(viii) Thenetwork hasonly oneentry point called the start event and one point of
emergence caled theend or termina event.

Critical activity: Anactivity issaid to becritical if adelay initsstart causeafurther
delay inthe completion of the entire project.

We shall usethefollowing notation for basic scheduling computations.

(i,j) =Activity (i, ]) withtail event i and head event |

Tij = Egtimated completiontime of activity (i, j)

ES] =Earliest startingtimeof activity (i, j)

EFij =Earliestfinishingtimeof activity (i, j)

LSj) =Lates startingtimeof activity (i, j)

LFij  =Latest finishing timeof activity (i, j).
Critical path: The sequence of critical activitiesin anetwork is called the critical
path. Itisthelongest pathinthe network, from the starting event to the ending event



and definesthe minimum timerequired to completethe project. Inthenetwork it is ~Material Requirement
denoted by adoublelineand identifiesall the critical activitiesof the project. Hence, Planning (MRP) and Control
Coe s, ]) tolieonthecritical path, following conditions must be satisfied.

(& ES =LF,

(b) ES = LF,

() ES-ES=LF-LF =t
ES and ES arethe earliest start and finish time of theeventsi and .
LF, and LF, arethelatest start and finish time of the eventsi and j.

Critical Path Method (CPM)

NOTES

Theiterative procedure of determining the critica pathisasfollows:

Sep 1 List dl the jobs and then draw an arrow (network) diagram. Each job is
indicated by anarrow with the direction of the arrow showing the sequence of
jobs. The length of the arrows has no significance. The arrows are placed
based on the predecessor, successor and concurrent relation withinthe job.

Sep 2 Indicatethenormal time(tij) for each activity (i, j) abovethearrow, whichis
determinigtic.

Sep 3 Caculatethe earliest start time and the earliest finish timefor each event and
writetheearliest timeE, for eacheventiinthel | Also caculatethelatest
finish and latest start time. Fromthiswe calculatethelatest time LJ- for each
event j and put it intheA.

Sep 4 Tabulatethevarioustimes, namely, normal time, earliest timeand latest time
onthearrow diagram.

Sep 5 Determinethetota float for eachactivity by taking the difference betweenthe
earliest sart and thelatest gart time.

Step 6 Identify thecritical activities and connect them with the beginning and the
ending eventsin the network diagram by double linearrows. Thisgivesthe
critical path.

Step 7 Cdculatethetotd project duration.

Note: Theearliest start and finish time of an activity, aswell asthe latest gart and finish time of
an activity are shown in the table. These are calculated by using the following hints.

Tofind theearliest time, we consider thetail event of the activity. Let the starting time of the
project namely ES = 0. Add thenormal timewith thestartingtime, to get theearliest finish time.
Theearliest starting time for the tail event of the next activity is given by the maximum of the
earliest finish timefor the head event of the previous activity.

Similarly, to get the latest time, we consider the head event of the activity.

Thelatest finish time of the head event of thefinal activity is given by thetarget time of the
project. Thelatest start time can be obtai ned by subtracting the normal timeof that activity. The
latest finish timefor thehead event of the next activity isgiven by theminimum of thelatest start
timefor thetail event of the previousactivity.
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Check Your Progress

Fill in the blanks with
appropriate works.

(a) Materiadls management
involves the
mix.

(b) demand items
are forecast and
specified on MRP.

(c) Design for means
that product designers
take into account the
manufacturing
capabilities, as they
design the product.

(d) The system isa
push system.

State whether the following

statements are true or false.

(a) Waste is defined as any
activity that does not
add value.

(b) When the setup time is
large, economics dictates
that the lot size must be
small.

(c) Kanban means
signboard in Japanese.

(d) In MRP, the
administrative costs are
low.
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Programme Evaluation and Review Technique (PERT)

Thenetwork methods discussed so far may betermed asdeterministic, Since estimated
activity timesareassumed to be knownwith certainty. However, inthe research project
or designof agear box or anew machine, various activities are based on judgement.
Itisdifficult to obtain areliable time estimate due to the changing technology sincetime
values are subject to chancevariations. For such cases, wherethe activitiesare non-
deterministic in nature, PERT was developed. Hence, PERT isaprobabilistic method,
wheretheactivity timesarerepresented by a probability distribution. Thisdistribution
of activity timesisbased on threedifferent time estimates made for each activity, which
areasfollows:

(i) Optimigictimeestimete (ii) Mot likelytime estimate
(i) Pessmidictimeestimate

Optimigictimeegimate: Itisthesmdles timetakento completetheactivity, if everything
goeswell. Thereisvery little chancethat an ectivity canbecompletedinatimelessthanthe
optimigtictime. Itisdenoted byt or a.

Most likely time estimate: It refersto the estimate of the normal timethe activity
would take. Thisassumesnorma delays. It isthemode of the probability distribution.
Itisdenoted byt or m.

Pessmidictimeesimate: Itis thelongest timethet anactivity would take, if everything

goeswrong. Itisdenoted bytp or b. Thesethreetimevauesare shownin thefollowing
figure.

5
[
=
v

< | Frequency

—
-

Time distribution curve

Fromthesethreetime estimates, wehaveto caculatetheexpected timeof anactivity. It
isgiven by theweghted average of thethreetime estimetes,
. e
e 6
[Bdigributionwithweightsof 1,4 and 1, for t , t and t estimatesrespectively.]
Variance of the activity isgiven by,

2
t, —t
o2=|P"T
6

The expected length (duration), denoted by to T, of theentire project isthelength
of thecritica path, i.e., thesumof thet 'sof al theactivitiesaong the critical path.
The main objective of the analysisthrough PERT isto find the completion for a
particular event withinthe specified date T, givenby P (Z < D) where,
Due date — Expected date of completion
JJProject variance
Here, Z standsfor standard normal variable.

D=



5.5 SUMMARY

o Materias management isthe subdivision of logisticsthat correspondsto the

actual componentsof asupply chain.

Materidsmanagement includesthefollowing activities purchasing, procuremert,
distribution and warehousing.

Materia requirement planning is a combination of computerized inventory
control, productionplanning, management informetion systemand manufacturing
control sysem.

Jugt-In-TimeManufacturing: J T isaviewpoint of incessant upgrading inwhich
non-vaue-adding activities (or wastes) are recognized and removed with the
intention of:

0 Decreasing cost

Enhancing qudlity

Performing better

Making ddlivery better

Augmenting flexibility

0 Boogting innovativeness

A Kanban systemisachannel to accomplish Just-in-time (J T) production. It
worksonthe principle that every procedureon aproduction linepullsonly the
quartity and category of componentsthe processrequires, a just theright time.
TheprocedureusedisaKanban card. Thisisgeneraly aphysical card. However,
other devices canalso be used.

0
(0]
(0]
(0)

5.6 ANSWERS TO ‘CHECK YOUR PROGRESS

1.

Materials management generally includesthefollowing activities:
e Purchasing
e Procurement
e Didribution
e Warehousing

. Theligt of dl themateridsand their quantitiesrequired to manufactureanitemis

called its bill of materials. Thisis used for calculating the specific material
requirementsfor agiven production schedule during aspecific time period.

. MRP-I1 isacompany-wide system concerning al facets of businessincluding

sales, production, engineering, inventory and cash flows.

. (a) purchasing

(b) Independent
() menufacturability
(d) MRP

. (@ True

(b) False
(©) True
(d) Fase
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Short-Answer Questions

1. What istheimportance of materials management?
2. What arethe drawbacks of the M RP system?

3. How isemployee empowerment beneficia?

4. Definethetwo-card Kanban system.

5. How are JIT and MRP sysemsdifferent?

NOTES

Long-Answer Questions

1. Explainthe pre-requisteinputsfor MRP.

2. Writeanoteonthe MRP process.

3. List and explain the modules of the MRP-11 process.
4. Discussthetenetsof JT.

5. What are theadvantages of implementing JI T?
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UNIT 6 QUALITY MANAGEMENT

Sructure

6.0 Introduction
6.1 Unit Objectives
6.2 Quality Concepts
6.3 Quality and Business
6.3.1 Quadlity Policy
6.32 Continuous|mprovement
6.3.3 Implementation of Total Quality Control
6.4 Statistical Approach to Quality Control
64.1 Quadlity Planningand Improvement Tools
6.5 Continuous Improvement Tools
6.6 Summary
6.7 Answersto ‘Check Your Progress
6.8 Questions and Exercises

6.0 INTRODUCTION

Quiality isregarded asthe most dominant feature to arrest, hold onto and expand
customer basein the contemporary businessstate of affairs. Themost important factor
of any businessisto achieve customer satisfaction and quaity management isthemost
efficient endeavor gpproach. The quality management pertaining to the highest level of
development intimeis a personification of concepts, methods and applications. Inthe
past few years, the world of commerce has come acrossalarge number of redl life
successstories.

Scheduling and accomplishing superior quality isabasefor thesuccessful working
of companies. This makes it necessary to understand and manage a variety of
movementsinacompany for the purpose of setting goals and optimum deployment of
resources. The competence and efficacy by which resources are acquired and put to
use depends on superior management exercises adopted by organizations. Quality
management also rendersit necessary for the sysemto measure, examine and progress
various metrics associated with business processes. Affiliation among business
processes, their metricsand bus ness accomplishmentsare influenced by the manner
inwhichan enterprise manages concernsassociated with quality. Quitemany innovative
gpproaches arerequired for harmonizing theintent of the associatesof the enterprise
and therequirements of the clientele, asthere are numerouscontradictory objectives
such asimproved quality of customer service, low inventory, low unit cost, etc.

6.1 UNIT OBJECTIVES

After going throughthisunit, you will be ableto:
Classify quality concepts

| dentify the significance of quality in business
Discussthe statistical gpproach to quality control
Describethe processof quality planning

Explain continuousimprovement tools

Quality Management
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6.2 QUALITY CONCEPTS

Qudlity, ingenericterm, relatesto the‘features’ or ‘ characters or some ' attributes of
aproduct or service or similar offerings. The attributes or featuresor charactersof the
product or service should be such that they meet and fulfil the needs of users, i.e. the
customers.

Toillustrate, let usconsider awrist watch, which

e must giveaccuratetime

¢ must bedurableand weather-proof

e convenient to adjust time, date, etc

¢ should beeasyto read thedia

o ghould offer valuefor themoney, i.e. cost-effective

¢ should meet any other specific needs, e.g. styleand look, casing and casing
material, band, cost, reliability, maintainability, etc., and

¢ should satisfy any perceived needs—like the brand image, class, etc.

Any deficiency inthese features or quality, from the needs of a customer, may
lead the customers either not to buy or to complain about the product if it has been
already purchased. This means that failure of the quality will cause customer
dissatisfaction and entail quality complaint. Therefore, to satisy the needsof acustomer
inabusiness, it isimperativeto ensure and maintainthe quality of aproduct or service
for winning andretaining the customers.

It iserroneousto assume that quality means something extrain the product or
servicesfor customers. In redlity, quality is an essential feature of any product or
service, which inducesa customer to buy that product in order to satisfy hisneeds.
Hence, quality must be built and maintained in any product or servicesfor satisfying
the given needs of customers. Asmentioned earlier, American Society for Quality
(ASQ) hasdefined the qudity as* thetotdlity of featuresand characteristics of aproduct
or sarvicethat bearsonits ability to satisfy the given needs . Therefore, quality must
always be built into the products or servicesto satisfy the needs of abuyer i.e. the
customer.

Quality isassured in products by “conformanceto customers  requirements’.
Dimensions of quality —which should completely define and describe the state of
qudity — originatefromthisrequirement of conformanceto customers specification.
Inorder to conformto customer specification, the following parametersmust be set
and maintained in the quality management process, namely:

¢ Requirementsof customersmust be clearly captured, stated and defined in
theform of quality specification—leaving no scopefor misunderstanding

e Setting quality goasto beattained

¢ Planning and designing gppropriate qudity festuresintheproduct or services

e Measuring and checking for conformance or non-conformance to
specification

¢ Maintaining thequality characteristics by appropriate meansand measures,
and

¢ Deding with non-conformance by corrective and preventive actions.



Thesefeatures of quality management systemare consdered pre-requisitesfor
ensuring (a) the conformance to what customers want, and (b) consistency in
manufacturing for qudity. Figure 6. 1illustratesthiscycle of activity stepsinthe quality
management system.

Therefore, if quality, in generic terms, isunderstood as the requirements of a
customer for fulfilling agiven need, whichisexpressed in theform of specification, the
task of quality management should be ensuring the conformanceto that specification.
Thismeansthat quality can be referred to asthe conformanceto specification, where
the specification has been developed fromthe expressed needs of the customer. Since
quality isthe meansto meet and satisfy the customers’ requirements, itsimportance
hasrapidly increased with increasing competition in businessand indudtries. Satisfying
the needsof customersby consstently maintaining the required qudlity in productsand
serviceshasbecome an essential part of business operationsfor winning the confidence
of customers, and gaining the market share under competitions. Therefore, companies
all over theworld are paying more and more attentionto quality issuesto ensurethat
their productsand services meet the customers needs and enjoy the confidence of
customer, whichisthe basis of building reputations and brandsin the market place.

1. Know the needs & specifications of the customer.
Set quality goals

Identify corrective and preventive ¥ Plan - how to produce
actions for non-conformance. / required quality features.

4

4. Deliver the product 2. Design & verify production
conforming to specification. capability i.e. The process.

| ¢
Check & Act for Do - as planned.
conformance. I

3. Produce, measure the quality characteristic & decide conformance.

Fig. 6.1 An lllustrative Cycle of Quality Management Showing the
Essential Sepsin Quality Management System

Thus, the challenges of qudity refersto planning, producing and meeting total
specifications of goodsor service that satisfy the customer’s needswith respect to
features, characterigics (properties), timelines, gppropriateness, safety, maintainability,
usability and affordability. Affordability impliesvaluefor the money spent to acquire
the product or service, whichinacompetitive market scenario would mean producing
at least cost without sacrificing any quality. Thisis, no doubt, the grestest challenge
that industriesare facing nowadays, but meeting this challenge hasbecome acritical
factor for the success of any businessor industry. The stepsfor maintaining thisquality
are: setting quality goals after understanding the needs and specification of users,
planning a cost effective process, producing as planned with least variations of
properties, measuring conformance, taking corrective and prevertive actionsto reduce
non-conformance, working for continuousimprovement and delivery ontime. Inview
of severe competitionsand changing business environment, setting appropriate quality
goalsand designing the products and processesto meet the customers needsand
expectations have becomecritical for success.
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Jack Welch — the charismatic CEO of General Electrics, the giant US
Corporation, adopted three initiatives to turn around the company — (1) qudity, (2)
services, (3) globalization. Quality initiative launched by GE wasto recreate the
processes so that defectsand errorsdid not occur inthefirgt place. Traditional quaity
initiativeswere mostly concerned with detecting and correcting quality faults, which
were proving to betoo littleand too latefor efficient and cost-effective running of the
businessin the face of global competition. Servicesinitiatives changed GE froma
traditional provider of highly engineered productsto asource of customer-focused
high-vaue high-qudlity engineering solutionsto problemsand requirementsof cusomers
Globdization meant to GE looking for adiverse market with competitive productsand
sarvicesto servethegloba customershaving diverse needs and service requirements.
These conceptsthat turned GE around arenot new, but were cat intheright perspective
of the company and pursued with theright spirit. These conceptsbelong to * Total
Quality Management’ (TQM) principles, intrue spirit and purpose. So great isthe
force of these‘ Total Quality’ initiativesthat when properly adopted and lead by a
visionary leadership (as Jack Welch), it could turn agiant company like GE to its
present strength and glory within aspan of two to three years. But, thisdimension of
quality —encompassing customer-focus, vaue-added productsand services, and vision
of globalization and world-class quality —developed over thetoilsof many “Quality
Masters’, industry leaders and academics, spanning severd decades. These pioneers
of quality movement systematically examined what ailed acompany’s performance,
what needed to be doneto eradicatetheills, and developed many path-breaking tools
and techniquesto give effect to thelir recommendationsfor overcoming the deficiencies
intheapproachto maintainqudlity inal spheresof company activities. They dl identified
“Quality” asthe key driver for superior business performance, and established “total
quality” asthemeansto businessexcellence. Thisunit will attempt to provide some
background of “why and how” of the quality concept that was developed over the
years by these quality pioneers, and how it wasintegrated into the modern business
process as an essential tool for success.

6.3 QUALITY AND BUSINESS

It issaid that abusiness existsfor its customers, and not vice-versa. Therefore, a
cardinal task of the business processisto take care of the needs and expectations of
itscustomers. Frompreviousdiscussons, it would be clear a thisstagethat the means
of winning and retaining customersis nothing lessthan assuring the quality, utility,
affordability and availability of aproduct or service, which, inturn, involvesintegrating
and assuring quality in all related business processes—direct or indirect. Business
processes are not independent entities; they are interrelated with each other and
none of the processes can stand aloneto serve any interest of acompany. For example,
the purchasing department is related to Production for meeting the schedule of
production, whichinturn, isrelated to Marketing as per their ability to sdll; financeis
related to thecollection of money fromthesales proceeds and other sourcesto ensure
timely availability of thisresourcefor funding projects, expanson, payingwages, meeting
meateriashills, etc. For timely and gppropriate meeting of the needsof customersand
other stakeholdersin the company, it is not enough for these functionsto act ina
traditional and co-ordinated manner; they haveto act unitedly by forming cross-functiona
processeswith focus on customers and fast responseto customer needs. Thisisthe
core concept of modern quality management, which total quality management
philosophy has propagated.



Role of quality in achieving superior business performances was demonstrated
by severd studiesin USA, leading themto adopt total quality asameansfor resurgence
of American industriesin the 1980s. In recognition of this necessity, the Malcolm
Baldrige National Quality Award wasinstituted in USA in 1987 for encouraging
industriesto adopt total qudity intheir business process management. With the success
of Japaneseindustriesin acompetitive market, it was fully established that quality
drivesthe market share of the business. The Japanese adopted atota qudity culture
from the beginning of the 1960s, leaving all othersinthe racefor industrial growth. As
quality improves, so does cost, market share and ultimate profitability that leadsto
further investment and growth. Thus, quality servesthe very purpose of abusiness,
whichiscreation of wealth and welfare for al of its stakeholdersnamely customers,
employees, suppliers, shareholders, society, government etc. Examplesof such busness
success dueto quality are many now in India, namely Maruti Udyog Ltd., Infosys,
TCS, TataSteel, TataMotors, Hero-Hondaand many others. Figure 6.2 presentsa
bird’seyeview of the influence of qudlity in improving business operations, whose
primary aimisto improve profitability for growth.

Productivity/Employee morale

Customer Value/ <
Loyalty, Brand image

QUALITY | Market share/Customer satisfaction
¢ Profitability & Growth

Lower Cost/Higher margin

Fig. 6.2 ABird's Eye View of Quality and Profitability

However, achieving these multifaceted advantages of quality needs maintaining
qudity indl functions, processesand ectivitiesof the business, which sumsup to “total
qudity” intheorganization. However, quality isnot astatic landmerk; asthe customers
become moredemanding and competition grows, qudity also hasto continueto improve
inorder toretain or further acquirethe market. Hence, the specid characteristic of
total quality programme is to encourage and engage in the drive for continuous
improvement inall business processes.

WHO? HOW? WHAT?
DRIVER SYSTEM MEASUREMENTS
Leadership Systems & Processes Results
Vision Strategic Planning Continuous improvement
Strategy Human Resource Mgt. Lower cost of quality
Policy including Information & Anaysis High employee morale
value system. Process & Quality Faster response to

Commitment to &
Involvement of

management customer needs
Customer focused Processes | Customer Satisfaction

people Strategic Marketing Employee satisfaction
Management Business results
Service to the Society Environment quality

|1 il il /
1y i A

CUSTOMER SATISFACTION

|

Increased Market Share & Competitiveness (Superior Business Results)

Fig. 6.3 Process Chain for Total Quality Management
(Adapted from IBM’s Market Driven Quality Programme Framework)
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Thevaueof aproduct or servicein the market placeisinfluenced by itsquality
characterigtics. |mprovementsin performance, features, reliability and maintainability
will differentiate the product or service fromtherest. Hence, quality makesthe best
business sense by improving the company’s reputation, changing the customers
perceived valuefor the product or service, creating brand, andincreasing profitability.
Examples of beneficiariesof such quality philosophy are: Sony Corporation, Toyota
Motors, Microsoft, Infosys, etc. It isnot uncommonto find that customerstoday are
basing their purchasing decisons onvauefor themoney that aproduct provides. And,
thisvalue comesfrom the commitment to quality and continuousimprovement.

Managing competitionisthe challengeto modern businessorganizations. The
most effective meansto manage competitionsis meeting and exceeding customer
expectations by managing continuoudly improved quality. Thereare severd qudity
related dimensonof abusinesstheat differentiatesit from the competition. For example:

e Superior product design

o Continuousimprovement

¢ OQutstanding service/Customer care

o Higher flexibility inoperationsand variety
o Faster responseto customer needs

Managing business processesusing atraditional functional structure and quality
set-upisofteninadequateto meet thischallenge. Pursuing tota quality —that involves
quality inevery aspects of the business— helpsimprovementsin al these dimensions
smultaneously. Addressing these quality related dimensions of abusinessthrough a
“total quality programme” has changed theway of doing business. The traditional
method of managing business processes by functiona structuring haschangedto cross-
functiond processesthat run horizontally acrossall related functions. The purpose of
such quality orientated process structuring isto serve the customersbetter and build
efficiency for faster response and flexibility in the organization. Figure 6.3 presentsa
view of who, how and what drives the modern business process and systems for
gaining customer satisfaction and superior businessresults.

ArrowsinFigure 6.3 wouldindicatethat customer satisfactioniscentra to the
total quality management system, whichisderived fromthe leadership quality, systems
and processes of the organization. They must be directed or designed to servethe
cusomersand customer satisfaction through enhanced and improved quality, whichin
turn, resultsinincreased market share and improved businessresuilts.

It should benoted at this stagethat this approach to superior businessresults
through process restructuring, cross-functional process teamwork and focus on
customer satisfaction, equally apply to both manufacturing and service sectors of
indugtries. Because, business of any type—beit manufacturing or service— hasitsown
set of customers, and satisfying the needs and expectations of those customersis
essential for the success of the enterprise. Thus, atota quality approach in business
processes of either manufacturing or service hasbecomethe order of the day. With
therapid growth of service sectorsinadeveloping economy (asinIndia), more and
more service sector companies are adopting the total quality approach by recasting
their businessprocessesinlinewith TQM practice. Prominent service sector companies
—likethel T sectors, financia services, telecommunication services, hedlthcare, retail



business, etc. — areredesigning (or recreating) their business processes as per the
principlesof tota quality in order to win over the customersby providing vaue added
products and servicesin afiercely competitive market. (Productsin service sector
mean the offerings of apackage of facilities, enabling software, etc.). Adoption of total
quality approach helpsthemto keep the customer needsin focus, and design their
business processes to satisfy those needs — be it the quality, timeliness or cost.
Recognizing the significance of total quality approachin acompetitive business, I T
giants like the Infosys and TCS in India quickly adopted TQM in their business
operationsand soon became the global leader in thefield of providing world-classIT
services. Both these companies were recognized and awarded for their quality
excdlenceinIndiaand abroad. Therefore, thetotd quaity approachto businessprocess
isnot confined to manufacturing sector only; it isbeing found equally (if not more)
relevant and applicable to all service sectors where the customer demands and
expectationsaremorediverse (than the manufacturing sector) and critica for thesuccess
of thebusiness. Thus, quality (i.e. total quality) isno longer afunctiond approachto
business managemernt; it hasto bemadeanintegrd part of any kind of businessprocess
that has customers at either ends of the process chain (either internal or externa
customers) and satisfaction of those customersisat the centre of the success of the
business.

6.3.1 Quality Poalicy

TQM isatop-down cultureinan organization, requiring thecommitment and involverment
of thetop management for itssuccess It isthevision of leedership (i.e. top management)
that guidestheorganization and itspeopleinthe course of totd quality. Top management
inaTQM organization isresponsibleto promote aset of values, vision and misson
of the company, upon which aQuality Policy for the entire organizationisframed and
followed. Thevision, missionand values, asset by theleadership, providethedirection
for quality planning, which, inturn, actsasthefoundation for al quality management
activitiesand systems. Therefore, they arethe basisfor formulating Quality Statement
or Quadlity Policy by the management.

Qudlity policy isastatement of intent, describing the overdl intention and direction
of thecompany asregardsthe quaity management systemof its productsand services.
Since customer satisfaction isthe focusof the modern quality management system, this
satement should relateto theneedsand interest of customersand continua improverment
of products and systems as ameans of satisfying and exceeding the expectations of
customers. One of the features of agood quality management system (highlighted in
theintroduction) istheinvolvement of peoplein attaining qudity goals. Therefore, the
quality statement should be inspiring to the people of the organizationto draw their
involverment and commitment.

A typical Quality Policy statement could be:

“The company will strive to produce and deliver superior quality goods
and services to its customers by benchmarking the quality levels with
world-class leaders, investing in latest technology, and training its
workforce for developing high-class skills and competence.

A committed and skilled workforce, teamwork, customer-first work-
culture, and innovation will be the means of accomplishing the quality
goals, and the motto will be customer satisfaction and delight at any cost”.
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It should benoted that the quaity policy statement has the component of intent
(e.g. customer satisfaction and delight by delivery of superior quality of goodsand
sarvices), and means(e.g. by benchmarking, latest technology and training of people,
teamwork, innovation etc.) Such astatement helpsthe organization to set itscourse of
actionsand processesfor attainment of goas. Therefore, aquality policy statement
should satisfy thesefeatures for guidanceand clarity.

Sincevalues, vision and mission areimportant components of the process of
formulating qudity policy, they need to be understood inthe context of quality stretegy.

Values: Vauesarethe core bdliefs about what isimportant to an organization
and what should drive successin thejourney towardsvision of the company. Values
guide what should betheattitudetowards and policiesfor cusomers, employeesand
other stakeholders, and they should be followed throughout the organization, and
lived up to by example by all employees of the organization, irrespective of rank and
designation. Someimportant values are: integrity, professona ethics, trangparency in
dedlings, customer-firg attitude, credibility, trustworthiness, etc. Valuesprovidethe
meansto decide how the course of ajourney towardsthe vision should be undertaken,
i.e. avalue-based company will not trample the professional ethics or integrity or
customer’sinterest to set up anew businessor penetrate anew market. Thechoice of
values and their propagation in the organization's work culture is essential for
implementation of totd quality culture, and thisistheroleof leadershipinthe organization.
Qudlity policy should adequately demondrate the values by which the company intends
to accomplish qudity goals. For example, customer-first work culture and teamwork
inthequality policy statement reflectsthe value system.

Vison: Formulation of thevison statement isfundamenta to thefunctioning of
leadership. The vision statement should clearly point to organization’sfocusinits
functioning, idea about its destiny, whereit wantsto go and how. The purpose of
vison statement isto bind and inspire all peopleinto acommon objective, transform
all activities into focused goals, and create enthusiasm in the work environment.
Therefore, indesigning vison, leadership should havetheforesight for thefuture, respect
for the quality culture, and understanding of human psychology and forces of
competition. A typical vison statement canread as.

We shall betheindustry leader inthecountry inour chosen field of business
by 2010 through new market penetration, launching of new and
contemporary products, and providing world-class goods and services to
the customers with assured satisfaction. Value addition, customer care
and continuous improvement of productsand serviceswill be our hallmarks.

A vision statement should be clear about what, when and how; it should be
exciting to the peoplein the organization, and should link to the needs of customers.
Sinceavison statement should bind peopletogether for future direction, it should be
clearly communicated and explained to al the peopleinthe organization.

Mission: The mission statement definesthe purpose of the company and the
role it wants to play in broader social, economical, national or environmental
perspectives. Sometime mission is also referred to as “ purpose” of the company,
becauseit outlineswhat businessit wantsto be inand why. Therefore, the mission
satement will differ widely asper thenature of business.



For example: aBank may gateitsmisson as, To beinfinancid servicesbusiness,
and provide competitivefinancid servicesto itscustomers, promote economic prosperity
of thesociety, and contributeto overal national development. Wheress, an educationd
ingtitution may set itsmission as, To foster nationd progressthrough development of
professiond skillsand entrepreneuria spirit.

However, both statements contain what businessthey want to bein and why,
and relate their purposeto anationd or social cause.

Both vison and mission lay the milestones for the quality policy to provide
directionand qudity goas. They providethe foundation uponwhichthe quality policy
should be framed and worked out, and this quality policy becomesthe starting point
for thejourney to totd quaity inthe organization. Setting thevison, missonand quaity
policy that motivatesand enthusesthe peoplein theorganization, isthetask of leadership.

6.3.2 Continuous | mprovement

Continuousimprovement isthe main vehicle of atota quality systemfor meeting and
exceeding the customer needs and expectations. Many may claimthat continuous
improvement is aone amongst many tools for improvement, but, inredlity, it isa
philosophy that isdeep routed in the concept of total quality. All quality management
systems of the modern eraadvocate acontinuousimprovement programmeasapart
of qudity syseme.g. TQM, 1SO-9000, QS-9000 etc. Continuousimprovement has
cometo be recognized by theindustriesand business asthe main vehiclefor growthin
acustomer sensitive competitive marketplace. It implies asystem of planned and
uninterrupted activity for carrying out further improvements and development witha
belief that there isno end to improvements. For both planning and carrying out
improvement programmes, anumber of qudity planning and Satisticd toolsareavailale,
and thework involvesextensive usesof thesetools.

Continuous improvement represents a process of (1) identifying areas of
operationsthat need improvement, (2) systematically determining and isolating root-
causes of the observed deficienciesin performance, (3) remedying the performance
problem by diminating the root-causes, (4) stabilizing the system by standardization of
thenew parametersand practices so that the sysem functions effectively to hold to the
gains established by the programme, and (5) continue to look (or work) for new
opportunitiesfor improvements. What a continuousimprovement cycleimpliesisthat
the processchain does not stop at attaining aone-timeimprovement; it continuesto
look for new opportunitiesfor further improvement and follow-up actionscontinualy.
It should be noted that these philosophical steps of continuousimprovement havetheir
routesinthe principles of Deming’sP-D-C-A cycle and Juran’sQuality Trilogy (these
will be discussed in the next chapter). However, working out areal problem for
continuous improvement will involve use of many statistical tools and improvement
techniques. For example, the process capability study of a manufacturing line by
following the control chart technique of statistical methods would beessential for
improving quality capability and reducing thecost of poor qudity. Smilarly, application
of the histogram and Pareto diagram would be necessary to pinpoint the root causes
fromamongst many.

Thesystemof continuousimprovement appliesto al processesand activities of
the organizationi.e. it isnot confined to product or process qudlity only. If thereisa
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lack of human quality or leadership quality or necessity for improving cash-flow
management, a continuousimprovement programme can belaunched and worked
for. Itisacriticd requirement indl activities of the organization for ensuring quality of
operations, total customer satisfaction (considering that thereis acustomer for any
activity inthe organization who derives some benefitsfrom theactions), and gaining
competitive advantage. The essence of continuous improvement is the belief that
improvementsin any areaare anever-ending chain of activitiesfor doing better and
better, time and again. Therefore, for the success of continuous improvement
programmes, an organizationmugt trainitspeopleto think outsdethebox and promote
creativity and innovation in the workplace. The aim of thisstep isto createawork
environment that leadsto changing the mind-set of working people and creation of a
new work culturewherecommitment to improvementsand orientation towardscontinued
thinking and working becomesapart of daily life. Creative thinking and an innovative
approach to problem solving isessentia for continuousimprovement.

The benefits of continuousimprovement philosophy are many; somearevisible
and someare not. Somevisible benefitsare:

1. Therewill beenhanced customer satisfaction and customer loyalty through
value creationinimproved products and services

2. Reduced errors, defects, wastes and unnecessary costs, and cost of
srvicng

3. Development of new understanding and opportunities during the course
of work

4. Promotion of all-round improvements in the systems, efficiency,
communication, resourceutilization, etc.

5. Improvement of skillsand creativity of people
6. Realization of lower-cycletime of production and services
7. Improving thecompany’s performances

But, invisible benefitsare of greater consequence; they change the company’s
total work culture and develop in-built strength into the organizationthrough quality of
people, management, processes, and attitude. Theseindirect benefitstruly enablethe
organization to grow and sustain in the competitive businessenvironment. Therefore,
all modern quality management systems — like the TQM, 1SO-9000, etc — make
continuousimprovement an essentia part of the syssem. Continuousimprovement isa
part of principlesby whichtotal qudity ispractised in modern organizations, and it has
become apart and parcd of strategic management philosophy for superior business
results

Important areas of applications of continuousimprovement are:
¢ |Improving quality levelsof productsand services
¢ Reducingwaste, errorsand defectives, leading to improvement in costs

¢ |Improving cycletimeof performance and lead time for responseto cusomer
requirements

e Improving customer satisfaction



¢ Deveoping anew understanding about the changing market and customer
preferencesfor acompetitive edge

e |Improving the company’s cost and financia performances for fulfilling
corporate responsihilitiesand obligationsto different stakeholders

¢ Developing the skill and competence of peoplein the organization

There are number of ways by which an organization can put continuous
improvement into practice, but the basic steps of acontinuousimprovement process
are (a) sytematicdly determining and isolating the root-causes of quality or performance
deficiencies hindering improvementsor desired results, (b) remedying the performance
problem by eliminating root-causes, and (c) stahilizing the system or the process by
standardizing theimproved practice so that the system functions effectively to hold to
thegains. Obvioudy, analysisof thesestepswould require considerableuses of different
gatistical tools, some of which will be discussed later.

While creativity, innovation and teamwork are common denominators for
continuousimprovement programmes, someof theimportant techniquesfor continuous
improvement are: Deming’s P-D-C-A Cycle, Kaizen Quality Circle, Just-in-Time
Manufacturing (JI T), Poka-Yoke (Mistake Proofing), Zero-Defect Programme,
Taguchi’s Quadlity Loss Function, and 5-S Programme. Some of thesetoolswill be
discussed inUnits5 and 6.

Animportant aspect of the continuous improvement programmeisto measure
and assessimprovement for deriving information for futureimprovement. Asabasic
rule, acompany should select and set performance measuresand indicatorsthat best
represent thefactorsthat lead to improved customer satisfaction, operationd efficiency
andfinancid performance. A comprehensve set of measuresand indicatorsrepresenting
theinterests of customersand company performance requirementsprovidesaclear
basisfor aligning al processesand activities of the company withitsgoals, objectives
andvison, whichisthe purposeof TQM. Measurements provide dataand information
about the processes, their outputsand results. Thisdataand information need to be
analyzed using sound statitical techniquesfor projecting trendsand inferring cause-
and-effect relationships between operating parameters. Hence, knowledge of Satistical
techniquesfor dataand processanalysisis essential for amember in acontinuous
improvement team.

6.3.3 Implementation of Total Quality Control

Thetotal quaity perspectives asreflected inthe Malcolm Baldrige Nationd Quality
Award model suggest severd requirementsfor effectiveimplementationof TQM. The
implementation processrequires.

(1) Statement of quality policy, (2) Strategic planning of quality objectives, key
processes and implementation plan with due regard to internal capability, market
environment, cusomer demands, and suppliers capability, (3) An gpproach/deployment
plan (action plans) for implementation, (4) Measurement and monitoring plansfor
results and performancein each processcategory under MBNQA, and (5) Plansfor
continuousimprovement and adoption of suitable Srategieslike benchmarking, process
re-engineering, and other quaity improvement methods
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Thefirg challengeintheimplementation of TQM isthat the TQM systemhasto
be implemented by managers and employees of the organization, who are obsessed
withtheir ownmind set, complacency and cultural habits. Thishasto be changed by
the leadership by defining new roles of employees in valuing customers’ needs,
empowering themwith knowledge, skill and understanding of the processof TQM by
extensvetraining, and fadllitating performanceimprovement (continuousimprovement)
throughout the organization.

A road map for TQM implementation is illustrated in Figure 6.4. The
implementation startswith the culture of putting the customer first inany planning of
processor activity. Thisculture must be cultivated amongst the senior executivesand
managersfirst —asthey aretheleadersfor genera employees, and they must act as
change agents. These executives and managersshould be ableto motivate and inspire
peoplefor totd qudity and fulfilling cusomers needsby transparent communication,
counsdlling and facilitating required actions, paying attentionto critical processesfor
the successof TQM, and by removing the barrierstototal quality. Thisisthe most
difficult part of TQM implementation, whichinvolves changing the people and motiveting
themtowards accomplishment of total quaity goals.

To achieve and sustain market leadership, organizationsmust empower people,
ingitute ‘ quality improvement programmes (QIP), and set quality goasinal spheres
of activities, preferably by benchmarking withthe best intheindustry practice. Planning
measures for improvement and measuring the actual performancesin all process
categoriesareimportant stepsintheimplementation of total quality. The purpose of
thisexerciseisto identify gap areas and take necessary corrective and improvement
measuresfor superior business performance.

Develop: Cultureof listeningto thevoiceof Customers

v
Set: Clear Strategic Plans: Values, Vision, Mission and Goalswith focuson Customer satisfaction
and futuregrowth

Communicate: The need for the journey to all employees and draw people together to the common
godss; introduce the system of 'internal customer' withinthe company

v

I dentify: Key Processesand Restructure themwith customer-focused hori zontal processes
Focuson People: motivate, buildteams, train, empower and encourage participation

v

Cultivate: Culture of customer care, Creativity, Innovation and Teamwork for Continuous
Improvement l

Set: Measuresand measurement pointsand targetsfor verification, monitoring and improvement
Introduce: Total Quality Toolsfor Improvement and valuecreation, Benchmark

Manage: Processesand Quality outcomesfor continued customer satisfaction

.

M easur eBusiness Result, identify gapsandinitiateimprovement actions

Fig. 6.4 Road Map for Implementation Sages of Total Quality



TQM modds—likethe MBNQA — prescribe that each process category under
MBNQA system should be split into different “items” and “ areasunder eachitem” are
to be separately addressed for building qudity into the processduring implementation.
The purpose of thisapproachisto ensure that the issues and problems are addressed
in totality, and not in parts by parts. TQM isto be implemented throughout the
organizationandinall its processesand functions. Dividing each processcategory into
itemsand areashelpsto establish TQ in abetter way. Organizationsare required to
approach the implementation of TQ principlesin each of theseitemsand areas by
gppropriate, effective and innovative measures. M easures and actionsfor addressing
theseitems and areas of concern may vary with theindustry specific needs, but they
have to be addressed by suitably deploying actions, measures and resources, and
mesasuring resultsfor each. Hence, every processand actioninthe TQM system must
haveitsown set of objectivesfor managing and measuring the progress.

TQM isacompany-wide qudity management systemwith aview to achieving
total customer satisfaction and superior performance. Performance improvement is
the ultimate goal of a business, and its meansisthe customer satisfaction by total
quality process. Performanceis, however, anoutcome of the quaity of managing the
processes asenvisioned inthe MBNQA model and their effectiveintegration. Thisis
thetask of leadership. Leadership hasto deploy the spirit of total qudity inall areasof
operations and businessin amanner that the organization achievesits strategically
planned objectivesand vision. Therefore, intheimplementation of aTQM system, the
processes described under MBNQA have to be carefully itemised by incorporating
al itemsthat are critical for attaining the organization'sgoasand objectives.

6.4 STATISTICAL APPROACH TO QUALITY
CONTROL

Centra to all information isdata. So, datamust be presented intheforminwhichit is
capableof giving gopropriateinformation and create knowledge. Datashould berdigdle,
representetive, and should be presented intheright form. Thisrequiresstatistical thinking
and approach to the collection, compilation, presentation and analysis of data for
processand quity management. Asper Deming, the central task of quaity management
isto identify the causes of variability from the target quality and controlling thesame by
corrective and preventive actions. Thisinvolvesusing Satistical toolsthat permit root-
cause andysis, establishing correlation between controlling factors, and sysematicaly
applying those knowledge and informetion for control, correctionor prevention. For
improvement, onthe other hand, oneshould know whereto act and how to act. There
arestatistical tools—like the hisogram, Pareto diagram, Cause-and-effect diagram
etc—that permit analysisof Setistical data(i.e. datacollected and compiled by following
the tatistical rules of sampling, grouping, and validation) to arrive at the points of
actioni.e. whereto act. Determining how to act requires knowledge of the process,
people who arerunning the process, and specialized tools and techniquesfor qudity
planning and continuousimprovementsthat include statistica toolslike Statistical
Process Control (SPC), Taguchi’sQuality Loss Functions, Six-Sigma practice etc.
Thus, by combining the use of statistical toolsfor segregation and analysis of data
facilitatesidentifying what had gonewrong, what could go wrong, how to control and
correct thesituation, and finally, how to approachfor quality improvement.
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Expertsbeievethat widespread adaptation of satistical toolsand techniquesin
day-to-day quality management and other industria practiceswasthe primary reason
for turnaround in Japanese industries after World War I1. Following the Japanese
successstory, industriesthe world over have nowadays adapted thispractice of using
gatigticsfor decision-making, and made satistica thinking and gpplicationsof Satigticd
toolsanintegra part of conducting the business processesfor superior performance.
Since superior performanceisthe aimof tota quality management, al modern quality
management sysemsattach gpecia importance onthe usesand applicationsof statigtica
toolsfor qudity improvement and problem solving. Uses of statistical techniquesfor
parameter planning, process out-put measurement, and analysisfor decison-making
are key to continuous improvement efforts. Some of the areas where statistical
techniques and approach can be used towardsthis purpose are:

Customer satisfaction measurement Benchmarking
Root cause analysis Varianceanalysis
Sampling and Testing Inventory control
Product cost analysis Cycletimeoptimization
Process capahility study Service cost analysis
Cost of Quality measurement Defectives and Defect analysis
Make or Buy decision Downtimeanalysis
Buy or Sdll investment decision Forecasting

Thelist could belonger, and the scope of application of Satistical tools depends
upontheway onemakesuse of various availabletechniques. It issaid that gpplications
of statigticsinbusinessisnot limited by the depth and breadth of the subject, but by the
limitations of managers vison and creetive approach. Extension of process capability
study (Cpk) to develop the concept of Six-Sigma practiceby Motorolalnc., USA to
excel in quality, cost and productivity is an example of the scope of statistics and
datistica thinking.

1. Common statistical tools

Statigtical toolsfor industria applicationslike quality management could be grouped
under four categoriesaccording to their primary purpose. Thesefour categoriesare:

(i) Datacollectionand compilation

(i) Datapreparationand presentation

(iii) Dataanalysis

(iv) Drawing inferencefor decisons
The objective of using various Satistical toolsand techniquesisto solve problemsand
effect improvements. The chosen tool should fit the particular problemor situation;
though, many atime, there may not be only oneright way for aproblemanalyss. A
variety of analytical tools may be needed in conjunction with each other for some
problems, depending upon the situation, complexity of the problem and interactive

behaviour sKill of theteam members under aquality improvement set-up. Common
datigtical toolsfor these purposesare:



A. Collection of data
(@ Fow diagram
(b) Check sheets
(¢) Sampling and surveys
However, for collection of data, it hasto be defined or decided fromwherethe
data should be collected. For aprocess, thisis best done with the help of asimple

technique called “Flowcharting”, which attemptsto define the processthrough the
stagesof its various sub-processes.

B. Presentation, analysisand display of data
(@ Charts, suchasrun charts, bar charts, piecharts
(b) Higogram
(c) Scatter diagram
(d) Paretodiagram
C. DataAnalysisand Conclusion
(8 Cause& effect diagram
(b) Paretoandysis
(c) Correation/ interrelationship diagram
(d) Control charts, and process capability studies

Any of thesetools can be used, either singly or in combination, for analysisand
solution of aproblem. Quality management isabout solving problemsfor improvement,
and thesetools are an essential aid towardsthese efforts. Common tools used for
problem solving and quality improvement are popularly known as seven smpletool
of statisticsintroduced by Ishikawa. They are:

1. Check Sheets 2. Charts ( Bar, Runand Pie) 3. Histogram 4. Control
Charts 5. Correlation or Scatter Diagram 6. Pareto Diagram  and,
7. Cause-and-Effect Diagram.

Somelistsinclude Flow Diagram as one of the seventools. Flow diagramis
used to definethe process steps and their boundaries. This step isoften necessary to
identify improvement actions through other statistical means. These toolswill be
discussed here withtheir main features and purposes. A generd outline of the utility of
satigica toolsin thefield of datacollection, presentation, display and decison-making
in quality management functionsis shown inthe box below:

1. Process mapping: Flow Diagram
2. Data Collection: Check Sheets, Sampling and Survey
3. Analysisand Display of Data: Bar Chart, Run Chart, Pie Chart

Histogram, Pareto Diagram, Scatter
Diagram, SPC: Control Chart, SPC:
Process Capability
4. Analysis of Cause-and-Effect: Cause-and-Effect Diagram (al so known
asl shikawadiagram or Fishbonediagram)
Before any further discussion on statistical tools, it would be necessary to
gopreciatetheimportanceof sampling and itsroleinany statistical andysis. Any andysis
isonly asgood asitsbasedata, and the means of collecting reliableand bias-freedata
ingatigtica anaysisis*sampling”.
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every unit of the population
has equal chance of being
selected into the sample lot

Systematic sampling:
Method where a first sample
is picked up in random and
then subsequent samples
are drawn in a predetermined
fixed pattern or time interval
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2. Sampling and Sampling Fundamentals

No statigtical discusson can gart without the appreciation of the roleand purpose of
sampling. Sampling is used to obtain information about alarge group (called the
population) from a smaller representative group (the sample). To reflect the true
characterigticsof thelarger population, sampling must bedonevery carefully to represent
the characteristicsof larger lot without any error or bias. In effect, sampling isacost-
effectivemeansof collecting representativedatathet yieldsvitd informationfor decison-
making. Samples can be collected from a specific ot (a finite population) or a
continuous processinvolving infinite population. Whatever could bethe source of
sampling, the process of sampling mug satisfy four criteria, namdy: vaidity, reliability,
timdliness, and economy. Sampling methods and the Sze generdly determinesfulfillment
of these criteriainagiven samplelot.

Depending on the event being considered for sampling, there could be two
typesof situations: (1) theevent followsthe law of probability i.e. the event will occur
inrandom pattern with certain degree of probability, and (2) non-probability events
i.e. doesnot follow the probability rule. Asfar as quality control and management is
concerned, we are concerned with the probability events related sampling where
populationsfit the norma distribution of occurrence. And, inthisgroup, there are
number of types of sampling based onthe methodsused. They are:

Random Sampling: Thisisaso called ‘ smple random sampling’. Random
sampling isthemost common method of sampling, and it iswidely used inindustries
for quality management. A smplerandom sampling method isthe oneinwhich each
and every unit of the population has equa chance of being selected into the samplelot.
Thismethod should, therefore, be so followed asto ensure equal opportunity for any
unit of thepopulation to beapart of the samplei.e. should be freefromany bias. The
purposeisthet al representative characteristicsof the population should be present in
thesamplelot, whichis much smaller in number than the population they are sampled
from. To determine which units are to be sampled, random numbers are required.
Random numberscan be obtained from* random number table” —a published universal
table, or by busing computer generated random number, or by drawing randomly
fromalot asinthelottery syssem. For example:

Taking samplesfromarunning processlineat 8.10am., 8.40am.,8.53am.,
9.25am., 10. am., 10.35am. etc (obtained asminutesafter 8.0 amfromthe random
number generator) to measurethe processout-put or quality.

However, obtaining true randomnessin ared Stuation may bevery difficult and
expensve. Hence, very often, few other typesof sampling are used under the category
of Restricted random sampling.

Under restricted randomsampling, there are:

(1) Systematic sampling method whereafirst sampleis picked up inrandom
and then subsequent samples are drawn in a predetermined fixed pattern or time
interval. Thisisavariation of randomsampling technique, but extensively used in day-
to-day quality control jobswhere populationfrom which samples aredrawn isnot
very large. For example:

Taking first sample at any randomtimeand then sampling at aregular interval of
15 minutesfromtheinitia timefor checking the qudity output fromaline.



(2) Another method isthe cluster sampling. Inthismethod, acluster or asub-
group of the populationisused asasamplelot. Thissampling method is permissible
only whenthepopulationisstablei.e. thereisno variationfromlot to lot or fromone
sub-group to another. For example:

Sampling and checkingin acontinuous productionline— say assembly line of an
automobile company — by sampling thecar produced at 1 p.m. in the morning shift or
7 p.m. inthe evening shift or 4a.m. inthe night shift. Inthissystem, it isassumed that
thecar produced at the giventimeisrepresentative of the shift.

(3) Thereisyet another sampling method, and that istwo-stage sampling. This
method istypically applicablewhen the number of productionislarge. In thissampling
method, samplesarefirst taken fromthelarge population by following arandom or
systematic method, and then sampled again by following arandom sampling technique
inorder to obtain asmaller samplegroup, referred to as* secondary sampling’. The
secondary sampleisthen considered the representative of the original population.

(4) Another typeisdtratified sampling. Inthistype, theentire populationisdivided
into anumber of homogeneousgroupscaled‘ sratd , and thenasimple random sampling
technique isfollowed for each stratumto ensuretotal coverage of the population.
Example: customer satisfaction survey in acompany. First, customer populationis
divided into homogeneous groups— may be region-wise, metro-wise or economic
background wise. Then, by following the simple random sampling method, each
homogeneous group is sampled and the survey of satisfactioniscarried out. Very
often, the smple random sampling method resortsto using a“lottery method” only
(and not generated random number fromtable or computer) for drawing samplesfor
randomness.

To summarize, for most quality control purposes, randomsampling or avariance
of it isused to collect samplesfromalot that followsthe normal distribution pattern.
Such sampling allows a conclusion to be made about alarge group from a much
gmdler one, thussaving cost and time of checking and analyss. Thisisthemost practical
way for gatisticaly deducing conclusionsfromalot or aprocessor an event. However,
sample sizeand sampling technique arevery crucid for accuracy of results. The greater
the degree of precisonrequired in the results, the higher isthe number of samples(i.e.
larger samplesize) required for analysis. Factorsthat influence the sample sizeand
sample numbersare: (1) consistency of the process, (2) difficulty of gathering data,
(3) cost of gathering data, (4) impact of making error of judgement, (5) precisenessof
resultsrequired, (6) severity of the problemfor which samples are being taken, and
(7) the size of the population.

Asfar asqudity control for incoming and outgoing qudlity isconcerned, generdly
random sampling technique is used, but sample plansand their interpretationsare
subject to some rulesfor making decisonsfromthe sampleresults. They are:

(1) Lot Acceptance Sampling Plan (LASP)

LASPisto bemade regarding whet sampling scheme should befollowed and rulesfor
making decisions. For example, the decision can be based on counting the number of
defectivesinasample, and then decide about the acceptanceor regjection of thelot, or
even for going to multiple or sequentia sampling schemesto takethefina decision.
Types of acceptance planto choosefromunder LASPare:
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Singlesampling plans One sampleof itemsisselected at random fromalot
and the disposition of thelot isdetermined from theresulting information. Theseplans
are usually denoted as (n—) plansfor asamplesizen, wherethelot isregjectedif there
aremorethan c defectives.

These arethe most common (and easiest) plansto use although not the most
efficient interms of average number of samples needed. Example: Choose any three
samplesat randomfrom ahomogeneouslot, and reject if any chosen sample shows
any defect.

Doublesampling plans: After thefirst sampleistested, therearethree possibilities:
1. Acceptthelot
2. Reectthelot
3. Nodecison

If the outcome is 3, a second sampling is done. The procedure is to combine
theresultsof both samples and mekeafinal decision based onthat informetion. Example:
Taking another set of samples at random fromthe samelot, and checking. If thereis
more than one defect and the nature of the defect is minor (i.e. not impairing the
functiondity of the product), thelot can be accepted, provided the user has agreed for
double sampling plan.

M ultiplesampling plans: Thisisan extension of the double sampling planswhere
more than two sampling stepsare needed to reach aconclusion. The advantage of
multiple samplingissmaller sample sizesi.e. one can draw lesser number of samplesin
each step.

Sequential sampling plans. Thisistheultimate extension of multiple sampling where
itemsare selected fromalot one at atime and after ingpection of eachitem adecision
ismadeto accept or reject thelot or select another unit.

(2) Acceptance Quality Level (AQL) & Lot Tolerance Percent
Defective (LTPD)

What sampling should be followed will, however, depend on the purpose and quality
level oneisseeking for. Therefore, two moretermsarerelevant for understanding of
sampling and testing for decisions, namely: Acceptance Qudity Leve (AQL), and Lot
Tolerance Percent Defective (LTPD). They aredefined as.

Acceptable Quality Level (AQL): AQL isapercent defective that isthebaseline
(minimum) requirement for the quality of the producer’sproduct. Theproducer may
accordingly design asampling plan such that thereisahigh probahility of acceptance
of alot, but with defect leve lessthan or equd to the AQL fixed by the purchaser.

L ot Tolerance Percent Defective (LTPD): LTPD isadesignated defect level that
aprocess output can tolerate and higher than that would be unacceptable to the
consumer. The consumer would like the sampling planto have alow probability of
acceptance alot with adefect level higher thanthe LTPD.

However, any sampling plan may havetwo risk factors, whichare termed as
“Producer’s Risk”, and “Consumer’s Risk”. Producer’s risk is the probability of
rgecting agood lot (i.e. defect level equa to AQL) by following agiven (n—c) sampling



plan. Consumer’srisk relates to the probability of accepting alot with higher defect
level (i.e. defect level equal to LTPD) by following the same (n—c) sampling plan.

(3) Operating Characteristic Curve (OC)

Therefore, quality control personnel often haveto take decison by plotting Operating
characteristicscurve (OC —curve). Thiscurve plotsthe probability of accepting the
lot onY-axisversusthelot fraction (or percent) defectiveson X-axis. The plotted
curve displaysthe characteristicsand properties of LASP that werefollowed, and
shows the risk involved in accepting a bad lot with increased fraction defective
production.

Figure6.5 exhibitsthe associated risk of producer and consumer with reference
toAQL and LTPD.

Producer’s Risk
100 o =0.05
Probability of
Acceptance
OC- Curve
Consumer’s Risk | l
B =0.01 |
0 AQL LTPD
_—
Percent Defective

Fig. 6.5 Associated Risk of Producer and Consumer
(4) Average Outgoing Quality (AOQ) and Average Outgoing Quality Level (AOQL)

Thetask of quality management isto reduce therisk of accepting defectivesinalot,
but at the same time ensuring that no unnecessary cost isadded up or lossisincurred.
Long-term solutionsliein reducing the variance of the processand improve process
capability, but many atimethey haveto resort to re-checking and 100% inspection of
rejected |ot for rendering them acceptable. Thisposesthe problem of how to ensure
Average Outgoing Quality (AOQ). Therefore, along with normal sampling as per
origindly decided LASP, 100% inspection of rgjected lot isundertakenfor replacing
the defectiveswith good units. But, what has been measured asgood also runsthe
chance of being defective as discussed earlier. Hence, Average Outgoing Qudity (AOQ)
concept isused which refersto thelong-term defect level for thiscombined LASP
(original) and 100% ingpection of thergected lotsfromthe process. If al lots produced
comewithadefect level of exactly ‘p’ —the probability of occurring adefect —and the
OC curve for the chosen (n—c) sample of LSAP indicates a probability of (p,) of
accepting suchalot, then over thelong runthe AOQ can be shownto be:

_PpN-n)

AO
Q N

= where N is the lot size, and p and p, as mentioned earlier.
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(5) Average Outgoing Quality Level (AOQL)

Average Outgoing Quality Level (AOQL) of the processisobtained by plotting the
AOQvduesat theY-axisversusthe‘p’ of incoming lots. The curvewill start at Ofor
p =0, and will comeback to O at p = 1, whereevery lot isinspected and rectified by
replacing defectives with good ones. In betweenthe graph will riseto amaximum.
Thismaximum isthe worst possible scenario for long term AOQ, and thisvaueis
caled theAverage Outgoing Quality Level (AOQL).

Thus, it would be evident that thetask of QC personnel isto designthe sampling
plan, test plan, and decision-making systemin order to ensure minimizing therisk of
accepting any defectivesinagiven lot. For this, one should havethe knowledge and
gppreciation of thesampling techniquesand therulesthat are generdly followed inthe
satistical analysis. Sampling in quality control and management is associated with any
Sudy involving:

¢ Estimation of the average number of defectives, errorsor other failures

produced during the production run.

o Edimationof digtributionof tota defectives, errorsor faluresin production
lineorinservice.

¢ Decisonfor acceptance or rejection of alot either produced in-houseor at
asupplier’send.

o Edimation of various processcharacterigtics.
o Determination of the state of processcontrol.

o Evauation of performancewith process specification or quality with the
standards / specifications.

o Decison-making for processimprovement.
Seven Tools of Statistics

1. Check Sheets

Check sheetsare used to track the frequency of occurrence of specific eventsthat
occur during asampling period or inastudy period or inagiven span of time concerning
aproblem. Check sheets plot the data asthey occur within the given period, and plot
themin theform of acheck sheet as shown in Figure 6.6. Check sheetsare used to
record dataintheformof amatrix chart inwhichonevarigbleisthesampling period or
frequency and the other isthe event being studied. From thefrequency of occurrence,
informeation about the“vitd few” factorsinfluencing the problem canbeeasily obtained.
Thus, asimple plot of datain the form of check sheets helpsto distinguish between
“facts’ asobserved inthe check sheetsand any preconceived opinion or perception
about the problem, which we often have. Check sheets enablestaking appropriate
actionsfor control based on thefactsand datafor agiven event.
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Fig. 6.6 Check Sheet for Customer Complaints of a CTV Brand

Functionsof check sheetsare:
e Compiling datato prove or disprove opinion and perception

¢ To providedaaon eventsand thar relativefrequency—for identifying where
to focusfor correctiveactions

e To providean easily understandable picture of aprocessand its problems

o Tofacilitate comparisonin various categoriesof datarelating to different
time, cost etc.

A typicd check sheet for study of cusomer complaintsfor aconsumer electronic
product isshowninFigure 6.6. Incheck sheetsplot, barsare drawn (conventiondly,
thefifth bar appear asdiagond to the othersfour barsin the group) inthe respective
column asthe"event” occursduring the study period. Thistype of plot immediately
revedlsthevital few causesfor customer dissatisfactionin thegiven case. Inthisplot,
frequent picturedigtortion, colour distortion and unstable picture emerge arethevita
few causes for concern, and this fact should lead to further actions for quality
improvement.

Someimportant applicationsof check sheets could be;

Defect cause isolation, Confirmation checks, Production process quality checks,
Defective item checks, Customer complaint analysis, | mprovement statusetc.

Check sheet isbasically adatacollectiontool, so issampling and survey-the
other two toolsthat are used for data collection. Data collection often startswith
check sheets, which are then followed up by analysis of the observations by using
other statistical tools—like the Histogram, Pareto Diagram etc. Themain purpose of
check sheetsisto spread thedataon aformat that helpsto focus onthe apparent root
causes of the problem.
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2. Flow Diagram

Flow diagrams(also knownas How charts) are graphic representationsthat display
and definethe processesthrough the sequentia flow of operations. The primary purpose
of aflow diagramisto provide understanding asto what to measure and control at
what point of the process. A flow diagramisgeneraly used with other statistical tools
and techniques, such as process capability study or quality improvement projects.

Materials Men

Reprocess [«
v A4
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Inputs .
f—— | Machining
Rough machined
Parts Yes
Machine
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<4—< Screen/Test ><4——

| ]
Reject l Yes Finishing operations
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Fig. 6.7 A Smple Flow Diagram of the Movement of Processes and Control Points

A flow diagramcan be constructed to indicate thefollowings:

¢ A map of the system, showing sequentia flow of processactivities, what goes
into the processand whento measure

¢ Input and output products or servicesi.e. what inputsare needed for certain
outputs

¢ Responsihility locations, and customer-supplier relationship involved inthe
process

¢ Costsand valueaddition pointsfor control and improvement
o Processtime, actual and estimated
o Potential datarequirementsand improvement opportunities

Flow charts can range from macro level to micro level. Example of amacro
level flow diagramis shownin Figure 6.7, depicting the process map for achieving
qudity output for customer satisfaction.

A micro level flow diagram represents more detal of the stepsnecessary for the
process of improvement, which can incorporate customer needs, quality issuesand
the process of handling those issuesfor satisfactory end results. Inamacro level flow
diagram, activitiesnecessary to achieve aprocessobjectivearelisted. Thiscanbethe
process for meeting the quality specification, or customer satisfaction or quality



improvement programme. Macro level flow diagramsare often done before attempting
construction of micro level flow diagrams. Micro level flow diagrams chart work
processesto identify not only the sequence of work activitiesand decisons, but also
theresponsibility, location for performing activities and making-decisons. A simple
flow diagram of amanufacturing processisillustrated in Figure 6.7, which shows
inputs, activitiesand ther locations, measurement and control points, and outputswith
fina rgjection stage.

Inaflow diagram, the number of key steps and the number of activities should
be kept limited in order to keep thefocusona“vita few” activities. “Vita few” are
thosefactorsor pointsintheflow diagramthat contributemost to the problemor inits
solution. Datacollection and compilation in theform of check sheet dlowsto identify
“vital few” pointsinthedata. These“vita few” arethen explored further for quality
improvement.

3. Charts

Chartsare graphic displays of datafor easy understanding of arelative positionthet is
not always possible with descriptive wordsor numbers. Type of chartscommonly
used inbusinessdata presentationsare Bar, Pie, and Run chart. Histogram and Pareto-
Diagram aso have some common characteristicswith abar diagram, and that’swhy
they are sometimesconsdered asa specid type of vertical bar diagram. Similarly, a
control chart, mentioned earlier, isaspecialized form of arun chart, wherethereare
gatistically determined control limits. Thiswill be discussed in moredetail subsequently.
Featuresand purpose of themainchart types, namely Bar, Run and Piewill be discussed
here.

(1) Bar charts. Thebar chart iscommonly used for presentation of qualitative
data. The data can be continuous or discrete data, whichis plotted against
discreteintervals. A smpletype of vertica bar chart isshownin Figure 6.8.

Thisisaverticd bar diagram (also cdled bar chart) where thelength (or height)
of barsrepresentsthe numerical value of the event or measurement. Width or
gap between thebarsis no significanceto bar chart data, but they should be
uniforminadiagram. Barscan aso run horizontdly, and have many formetslike
component diagrams, multiple bars, etc. A component bar diagramisused to
represent thefraction contribution (or share) of different sourcesto aparticular
element or event, and thisis plotted by proportioning each bar as per the share
of contribution. A component bar diagram can be used for presentation of
customer complaintsin quality management for showing the contribution of
different typesof failure. Bar diagrams can also be presented by multiple bar
columnsfor agiven period, where such bar columnsrepresent adataset of a
particular interet.

A bar diagram (as shown in Figure 6.8) can be effectively used in quality
management practiceto represent quality levelsover aperiod of timeinorder
to understand the consistency of quality of the production processes. Based on
the observationsfrom bar diagram, further improvement actionscan betaken
for those periodsof deviation or fluctuation by using other statistical toolslike
cause-and-effect diagram, SPC etc.
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Fig. 6.8 \ertical Bar Diagram

(2) Run Charts Runchartsshow thetrendsof datafor aprocessover aperiod of

time. Thehorizonta axis(X) representsinterva and vertica line (Y) represents
measured data, which can be continuousor discrete. Figure 6.9 illustratesthe
featuresof asinglelinerun chart, where measured values have been plotted on
scale (indicated by x) ontime axis.

MEASUREMENT [Y]

TIME[X] ———»

Fig. 6.9 Run Chart of the Measurement of a Characteristic over Time. The characteristic

could be the dimension of a part or productivity froma line or variation of room
temperatureetc.

A run chart issimpleto congtruct and lendsitself to easy visua perception of
how the processisrunning withthetimei.e. lendsto observe processvariation
over atimeor trend. This, however, doesnot indicate whether the processis
under control or not. Utilizationof arunchart islimited to: (a) denotethe presence
of trends, and (b) denote sudden shiftsinthe process. It hasvery limited capability
to indicate any probleminthe process, and the nature of the problem. Hence, a
run chart isoften used in combination with ahistogram or control chartsfor
further analysis of problemsand corrective actions. Nonetheless, run chartsare
extensvely used in quality control activitiesof amanufacturing lineinorder to
identify how the processisrunning, and if thereisany wild departure at any



©)

point of time. If apoint showswider departure than normal, productsof theline
produced in between the time intervals can be set aside and segregated for
qudity; though stopping the machine as early as possible and taking corrective
measuresistheright action. Many atime, shop supervisorsput aupper lineand
bottom line in the run chart (which are not necessarily the upper and lower
specification limit, and very often set by the quality supervisorsbased onthe
capability of the machine being followed by run chart) in order to identify if any
point in the measurement is going outside the set limits. This prompts the
supervisor or operator to takeimmediate corrective action.

Pie Diagram: Piechartsarecircle graphsthat display 100% of dataascircle.
Thecircleisdivided into proportionate dicesthat represent categorieswhose
sizeisdefined by the percentage of acategory inthetota. Figure 5.5 showsa
typica piediagramfor customer complaintsof acar dueto various problems.

Piediagramisvery suitable for presenting various businessresultsand quality
issues, such as analysis of company earnings from various heads, causes of
products and service complaints, cost build-up etc. Pie diagram and bar diagram
may be used for similar presentations, but pie diagram is not amenable for
presentation of dataover different periodsin the same diagram. For thislatter
purpose, component bar or multiple bar diagramsare more suitable.

30% (Engine stalling)

i
?o?o?&‘{

—
S|

(Door noise)
20% (Suspension)

40% (Higher fuel consumption)

Fig. 6.10 Pie Diagram. The diagram should be levelled with the notation of each category
along with the respective percentage. Alternately, the diagram should indicate the

percentage of each category within its body

Pie diagramsare very useful for comparison purposes, especially whenthere
are only few headsunder which thedataiscompiled or problemisbeing studied.
Piediagramsare very popular witheconomistswho often deal with datafrom
onetimesurvey.

4. Histogram

A histogram isa special bar chart that displays the frequency of occurrence of a
measure or characterigtic of datafromaprocess. In ahistogram, datais plottedin the
formof aseries of rectangles, wherevertical axis(Y) representsthe frequency and
horizontal axis (X) represents the measurement or characteristic data, either in
continuousor indiscrete scae. Figure6.11 illustratesthe featuresof ahistogram.
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Unlikeabar diagram, ahistogramisatwo dimensiona presentationinwhich
both length and the width of the bar are meaningful. Therefore, their unit dimensions
should be decided and maintained. For example, if one is plotting a histogram of
dimensionsof alot received fromasupplier, X-axis should show theunit of expresson
of thedimension (e.g. inches, mmetc), and Y-axis should show the number of times
one band of dimension occursupon checking thelot. Thus, width of therectangle on
X-axiscoversarange or band, whichisoftentermed as’ classinterva’. Histograms
clearly illustrate the patterns of variation in process and help in understanding the
process. A histogram provides:

o Easyto understand meansof displaying the variability of data
o Didribution patternof datai.e. norma distribution or skewed

o Understanding of causesof variation, like common causeor specid cause,
when used with control charts

A histogram showsthe frequency or number of observationsof aparticular
value, and in effect showsthe frequency distribution of aspecific dataset. Thus, it
provides an easy-to-understand means of displaying dataand their distributionover a
range of values. The shape of distributionwithin a specified range can often provide
information that may not be evident from control chartsalone, such as acceptability of
product or characteristic values, withinarange or specification. However, histogram
does not provide thetrend analysis, for which run chart or control chart should to be
used.

FREQUENCY
[Y]

MEASUREMENT [X]

Fig. 6.11 A Histogram Displaying the Frequency of Occurrence of
Measurement with a Range

5. Correlation or Scatter Diagram

Scatter diagram providesagraphic plot of two variables, and the purposeisto show
if any correlation exists between thevariables. Correlation determines thestrength of
arelationship between two variables, likecost and demand growth, employeetraining
and increased productivity, fluctuation inroom temperature and machining accuracy
etc. Thistechniqueisoften usedin conjunctionwith regresson analysis. A near perfect



linegoing through maximum datapointsindicatesgood corrdation. Figure6.12 shows
ascatter diagram plot betweenvarigblesA and B. Thelinefitted inthisdiagramindicates
good correlation between variablesA and B.

Thelarger thenumber thedata points, the better it isfor establishing corrdation.
For example, thelinefitted through 3 pointsawaysrun therisk of accuracy compared
to thelinefitted through 4 or 5 points. If the data points are haphazardly distributed
and cannot be joined by a straight line, the correlation is assumed to be poor or
nonexistent. To fit the datapoint, regression analysisisgenerally used, but that is
beyond the scope of the present book (thisaspecia statistical technique, which uses
equation of aline or curvedetermined by the methemeaticd relationship betweenvariables
for fitting alineto the data points). When data pointsare plotted on alog or semi-log
scale, they show better correlation than what was not apparent on asimple plot.
Scatter diagram canindicate whether additional analysisisrequired to determinethe
exact nature of cause-and-effect relationship i.e. it is capable of providing clueson
how to improvethe process.

VARIABLE-A

VARIABLE-B
Fig. 6.12 Scatter Diagram of Two Variables Showing Good Correlation

The patternof the scatter diagram could belinear or non-linear, and relationship
could beeither positive (i.e. when both variablesincrease together) or negative (when
oneincreasesand the other variabledecreases). The plot findsfrequent applicationsin
determining whether a cause-and-effect relationship existsbetween two variables,
and whether or not two processvariablesarerdated to oneanother (liketemperature
and precison machining).

6. Pareto Diagram

A Pareto diagramisaspecia typeof vertical bar diagram that displaystherelative
frequency of various categories of problemsor events. To digplay the frequency, bars
arearranged in descending order of magnitude fromleft to right. Asaresult, the“vital
few” categories(or items) that contributeto the maximum of the problem, or condition
of the eventsbeing analysed, stand out. Pareto diagramisusualy accompanied by a
cumulative percentage line showing the cumulative frequency of items, starting from
most frequent category. Figure 6.13 depictsa Pareto diagram of problemsfaced by
customerswith respect to aproduct e.g. car.
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Pareto diagramimmediately revealsthe vital few causesand helpsin selecting
improvement efforts. In other words, the plot shows the immediate improvement
opportunities. Typical applicationsof Pareto diagramare: displaying causesof problem
inorder of importance, verifying root causes of problemsfollowing cause-and-effect
andlysis, and comparison of datafor checking results after taking processimprovement
actions.

Pareto wasan Itdian philosopher who used thistechniqueto study the population
characteristics. From his study the “80-20" rule evolved, which stated that 20% of
population holds 80% of wealth of the society. Thisrule hasbeenfound applicableto
many areas of economic and industrial studies of modern era. lllustrations of 80-20
rueare:

¢ |nindustries, 80% of problemsarecaused by 20% of productsor process.
o Inmarketing strategy, 80% of salesvolume comesfrom 20% of customers.
¢ |noperations, 80% of inventory valueliesin 20% of theinventory items.

Total of dl 100
events/problems:

= 100% Data

T~

Cumulative line

No. of 60
occurrences of the
problem

]

1 2 3 4 5
Categories of Problems

Fig. 6.13 Pareto Diagramwith Cumulative Frequency of Problemsin the
Functioning of a Car

To summarize, aPareto diagram helpsto separate out the vital few fromthe
trivia many indeciding which of the problemsto work out first. Thus, Pareto analysis
alowsprioritization of improvement work by differentiating between “vital few” and
therest. With reference to Figure 6.13, 80% of problemsof the car liewith thefirst
two categories of problems. Hence, these two areas are the vital areasfor further
investigation and qudity improvemernt.

7. Cause-and-Effect Diagram

A Cause-and-Effect diagramisagraphical representation technique used to identify
and relate possible causeswith effects. Anillustration of aCause-and-Effect diagram
isshowninFigure6.14. The diagramisdeveloped by examining categories of causes
that hepinfocusing atention beyond symptomsto root or primary causes. Thestructure
so developed resembles a fishbone. Hence, some also call it “fishbone diagram’.
Dr K. Ishikawaof Japan first used the cause-and-effect diagramin 1950 for Satistical
process control, and after hisname, thistechnique cameto be known as | shikawa
diagram.
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Fig. 6.14 Cause-and-Effect Diagramfor Root-cause Analysis

The Effect under analysis can be either acurrent state of the problemthat needs
to becorrected or it can bewith respect to seeking animprovement. For example,
“effect” under analysscould be*“inconsistent qudity out put fromameachining ling” or
it could be“improvement of quality level inaline”. Cause-and-effect diagram should
show all thefactorsthat caninfluencethe design or processor their outcome, beit in
manufacturing or service. Causesand their probable effects are listed from the results
of brainstorming sessions, which areacritical part of constructing thisdiagram. Then,
the causes are broken down into their smallest parts, and each of the categories of
causesand their partsare critically examined to establish how the causes can occur
and interact. Thisisavery useful tool for identifying the causes of aproblemor to
undergand thosefactorsthat influence aprocessfor the® effect”. Itsstrengthinanadysing
relationshipsliesinthe structured way inwhichit is developed by using categories of
causes and their components, which helpsinfocusing to root rather than symptoms.

Development of the cause-and-effect diagram requiresateamapproach to the
issue, wherebrainstorming is used asprincipa tool for listing out the causes and their
components. Therefore, thistechniqueis considered avery effectivetool for problem
solving, where ateam approach isalwaysbeneficial. Thetechniqueisused not only
for analysis of causes of any current quality problem, but also for getting cluesfor
improvements. The cause-and-effect diagramisused for: identifying major and minor
reasonsfor aspecific problem, identifying root-causes for an effect, and getting ideas
about how select additional datafor the solution of amajor problemor project. As
such, thisisavery frequently used tool inal continuous improvement programmes.

These gatigtica toolsplay apivotal rolein quality management by facilitating
data segregation, grouping, analyssand presentation, identifying possble causes, root
causes, andfocusingona“vitd few” . Intodays quality practice, useof thesetechniques
either for datapresentation or dataanalysisfor identifying whereto act and how have
become acommon practice.
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6.4.1 Quality Planning and Improvement Tools

Theother kindsof quality toolsare qudity planning and continuousimprovement tools
(a0 knownas management tools). Examplesof qudity planning toolsare: QFD (Qudity
Function Deployment), FMEA (Failure Mode Evauation and Analysis), Concurrent
Engineering, Taguchi’'sQudity Loss Function andysis, etc. Thesequdity planning tools
are used by companies at the beginning of aproduct (or service) launching or for
correcting/enhancing the product or service quality interms of market demands and
competitions. Continuous improvement tools are those that were developed (or
adopted from other disciplines) for continually enhancing quality standards and
promoting quality culture in the organization by increasing involvement of peopleand
system orientation for “first-time right” work culture. Examples of continuous
improvement toolsare: Deming’sP-D-C-A cycle, Kaizen, Qudity circle etc. Customer
satisfaction and providing value to the customersare at the core of quality planning
and improvement tools. Some of the major areasof applicationsare:

Launching of new productsfor meeting and exceeding customer expectations
Product development for meeting the changing needs of customers
Vauecreationfor cusomersand providing cost-effectiveness
Continuousimprovement of processesfor reduced variability and consistency
Measurement and andysisof businessresultsand decisions about improvements

It must beappreciated at thisstagethat statistical tools are supporting toolsfor
al kindsof management decisons, bethey qudity planning, performanceimprovements
or investment decisions. Thus, these quality tools are often used in conjunction with
each other, and they need to beunderstood in that larger context for applications.

1. Quality Planning Tools

The broad objective of quality planning toolsisto ensure marketing of productsand
services with attributes that will satisfy current needs and future expectations of
customers. Stepsfor thisqudity planning processare: (a) identification of market and
customer group for understanding the current needs and future expectations, (b)
converting these needsand expectationsto specific product and service specifications,
and (c¢) enabling the manufacturing and service delivery processes of the enterpriseto
meet these needs and expectationsfor cusomer satisfaction.

Some popular qudity planning toolsare: Quality Function Deployment (QFD),
Concurrent Engineering, Desgn of Experiment (DOE), Taguchi’sQudlity LossFunction,
FailureMode Evauationand Andysis (FMEA), Fault TreeAnalysis, and New Seven
Management and Planning Tools. Of these, QFD and FMEA have been discussed in
Unit 1 aspart of quality of designand conformance.

Quality Function Deployment (QFD) isamethodology to ensurethat customer
needs and expectationsare attended to and fulfilled throughout the processes of design,
operations and delivery of the products or services. In other wards, QFD is a
methodology to trandate the voice of customersinto actual reality of designing,
manufacturing and delivery of productsand servicesto customers. FM EA isanother
popular technique for incorporating the customer’s voice into the design and
manufacturing for conformanceto quality. If customersareto be satisfied withthe
product, then manufacturers have the responsibility to ensurethat the product does
not fail inservice and cause inconvenienceandirritation. Thisisgaining moreimportance



with the stricter product failure liability clause of many countries. Therefore, inthe
qudity planning of aproduct or for new product development, it isnecessary to check
out thoroughly that the product will not be liableto failure, and causeinconvenience,
lossor risk to persona safety. Thefailure mode and effect analysismatrix providesa
structured meansof determining theimpact of different modesinwhichaproduct may
fail inservice. Information gathered while completing or computing the FMEA, serves
asuseful inputsto modify the design of the product or the processinvolved. Application
of FMEA oftencalsfor design support from QFD. Hence, thesetwo techniqueshave
been reported in Unit 1 together under quality of designi.e. meeting the customer
needs and expectationsthrough quality design of products and services.

(2) Concurrent Engineering (CE) isananother quality planning tool that replaces
thetraditional product development processwith theoneinwhich tasksaredonein
paralel, and thereisan early consideration for every aspect of aproduct’s quality
attributes and therequired development process. It isproduct development strategy
for faster market response with correct quaity and value. Thisstrategy focusesonthe
optimization and digtribution of acompany’ sresourcesto ensureeffectiveand efficient
product development process. The approachinvolveslinking up theactivitieswith
clearly identified responsihilitiesto be performed by al mgjor functionsthat contribute
to design, development, production and marketing of products or services. Thismeans
that under the concurrent engineering approach, dl agenciesconcerned withthe product
development become involved and responsible from “concept through sales’ of a
product, and they haveto act in parale for cutting down the lead-time and cost. This
approach helpsto avoid conflicts between the agencies(like design, manufacturing
and marketing) withregard to their ownlimited goals, and helpsto fulfill the Compary’s
overal goal of customer satisfaction at least cost. Naturally, concurrent engineering
hasto beateam approach, and theteam hasto bemulti-functiond i.e. cross-functiona
team drawn fromdifferent expert areasof the company. The Objective of Concurrent
Engineering approachisto ensurethat customersget the quality and servicewhat they
want and intime. Cross-functional teams of expertsdrawn from different areas of the
company have proved to be extremely beneficial for developing competitive products
at significantly lower lead-timeand lower cost. Thisapproachisinlinewiththemodern
concept of restructuring and realigning of functionsinto customer-focused processes
for ensuring customer satisfaction under TQM practices.

Concurrent engineering isalso termed as* Smultaneous engineering”, because
asthe nameimplies, anumber of processesrelated to product development are carried
out smultaneoudy inorder to shortenthe“cycletime’ by asmuchaspossible. If steps
shown in Figure 6.15 for product development are performed sequentially and
consecutively inthetraditiona way, the cycletimefor design and productionwill be
long, uneconomica and delayed for the market penetration. Concurrent engineering
pullstogether all the functionswhich have any stake in the development work and
make themwork together concurrently inteams. The team should have continuing
product development involvement and responsbility fromoriginal concept through
sales. The purposeof concurrent engineering isaggressive product development that
is functionally efficient, easy to manufacture, and fulfills the needs of customers.
Concurrent engineering hasemerged asaway of bringing rapid solutionsto product
design and development processes. Essential stepsfor concurrent engineering are
showninHgure6.15. Functions of multi-discipline concurrent engineering teamsinclude:
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¢ Distinguishing the characteristics of product for establishing appropriate
designand productionmethods, whichincludes ease of service, repair and
maintenance.

¢ Andyzing functionsof the product so that al design decisionscan be made
after full understanding of how the product worksin end application. All
members of the team should understand the functionswell for making their
own contributions.

¢ Relating product function to production method capability. This can be
facilitated by computer-aided design tools, which can simulate product
performance by varying assumptions.

o Performing testsand review of manufacturing capability to examineif design
can besmplified without affecting the performance or can beimproved for
vaueaddition.

o Ensuring design compatibility of each part, its quaity and assembly method
for ease of production and preventing generation of defectives.

¢ Desgning menufacturing sysemfully involving peoplewhowill runthesysem,
operate onminimal inventory and compatibleto suppliers capability.

Many companies have made use of cross-functional concurrent engineering
team drawn fromdifferent areas of operationsfor developing globally competitive
products at significantly lower cost. Collaboration amongst individuals, groups,
departments, and separate organizations within the firm is a must in concurrent
engineering approach. Therefore, it may need re-looking into the organization Sructure
for effectiveintegration of people and the process. A firm must be dedicatedto the
long termimplementation, appraisa, and continuousrevison of aconcurrent engineering
processand results. It would be gpparent that concurrent engineering and QFD have
some commonality in approach. Infact, concurrent engineering technique makes
frequent use of anumber of popular tools. QFD, Failure Modeanalysis, Design of

Experiment, Benchmarking, etc are someof thosetools.
MARKET & SERVICE

W

7. Production of trial lot
and weeding out of
problems.

6. Analyzing “risk” factorsand
probabl e bottleneck.

5. Establishing support processes,vendors,
suppliers, MIS etc.

4. Developing production plans and schedule for the
designed product. Developing quality plan and cost
structure.

3. Brainstorming and deliberation for final design and
management approval.

2. Initiating design and documentation; forming initial design

1. Team Formation: Multifunctional team drawn from concerned specialty functions& training

Fig. 6.15 Seven Essential Steps of Product Development by Concurrent Engineering




It isto be appreciated that majority of aproduct’s costs are committed very
early inthe design and development process. Therefore, gpplication of concurrent
engineering should beat the onset of aproject concerning product development. There
areseverd applicationsinwhich concurrent engineering may beused. Some primary
applications include product research, design, development, re-engineering,
manufacturing, and redesigning of existing and new products. Inthese gpplications,
concurrent engineering isapplied throughout the design and development processto
enablethe company to reap thefull benefitsof thisprocess. Thereare severd benefits
that concurrent engineering can accomplish, suchasimproving qudity and cog, ddlivery
time of anew product, identifying and weeding-out design problems at the early stage
of designand production, and ensuring the practice of doing first timeright. The process
has, therefore, cometo berecognized asan essential step of businessprocessstrategy
for ensuring customer satisfaction and mearket leadership.

(2) Design of Experiment

‘Design of Experiment’ (DOE) isastructured statistical method for determining the
relationship betweenfactors (Xs) influencing aprocess and the output of that process
(Y). Theconcept wasfirg introduced by Sir Ronald A. Fisher asamethod for testing
certain hypothesisin 1920s. Taguchi, thefamous Japanese tatigtician, further improved
thetechniquein 1950s, for engineering applications. Taguchi introduced the technique
for incorporating the effects of uncontrollablefactorsinthe DOE experiments. The
broad objective of the DOE isto study theinfluence of a* subject factor’ whilethe
effectsof other influencing factors are also taken into account. Thetechniqueis built
onthe method of analysis of variance by using modeling wherethe observed variance
ispartitioned into components due to different factors. Thisisatechniquethat uses
formal gatigtical experiments, and facilitatesconducting and analyzing controlled tests
to evauatethefactorsthat control the values of aparameter or agroup of parameters.
InDOE, factors are varied simultaneoudy by suitable experimental design (like the
Randomdesign, Factoria design, Latin square design etc) instead of one at atimeas
inthe conventiona method of experimentations. DOE technique substantialy reduces
the number of tests compared to conventional testing where collecting large number of
data, holding eachfactor constant, takesavery long timeto establishthe variations
and influence of different interacting parametersof aprocess. Thetechniqueiswidely
used asapart of modelling processwith an amto establish arelationship between
different factorsinfluencing the process and the output qudity. Mogt software packages
dealing with mathematical modelling have an in-built programme for DOE where
indeterminate measurements of factorsand interactions between them can be accurately
anayzed by feeding in methodical variationsinthe model. Following thistechnique,
DOE can be successfully applied inthefield of quaity management to determinethe
best combinations of product and process parametersthat could lead to high quality
and low cost.

Design of experiment isaspeciaized, Satistically designed, test programme,
which cdlsfor thorough planning before undertaking thetest runs. Highlightsof DOE
processare:

1. Planning of thetestsi.e. objective of thetests, how dataisto be measured,
nature of improvementsaimed for, identification of variables, etc.

2. Decision ondataanalysis approach with clear focus onthe objective of
theexperiment.
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3. Factorsarevaried simultaneously, and not one at atime, by adopting a
suitable experimental design — popularly orthogona array experiments.

4. Statigticd approachinvariance anaysisand modelling.

It isan efficient method for organizing experimenta work for optimization or
screening which factorsare most influentid in the experimentd results. For example, in
the machining of aprecision component with very closetolerancelevel, there could be
‘n" number of factorsthat influencetheresult, namely: material, material hardness,
cutting speed of the machine, depth of cut, nature of cutting tools, coolant grade,
coolant feed, machinesturdiness, operator skill, temperature of the machining-room,
etc. Varying each of them independently to find out theideal condition of machining
will bevery time consuming. Hence, the conditionscan be best identified by orthogonal
array experimentsasapart of DOE process. In order to identify what parametersare
important inthe study, the Herringbone or | shikawa Diagram (to be discussed later
under gatistica tools) can be plotted first and probable contributions of each parameter
can beexamined. Based onthel shikawadiagramanayses, significant factorsor design
variables can bepicked up and testsfor DOE, by using factorial design of experiment,
can be planned with clear focus. The technique of orthogonal array isat the core of
design of experiments. Thisisaspecidized technique based on statistical probability.
Oncetheproject isidentified, the objectives and factors—aong with their levels—are
determined by group discussionsin the planning meeting. Thereare anumber of ways
to set the experimental design based onthe nature of the project and itsobjectives.
Orthogonal arrays are one such popular technique used for facilitating design of
experiments. Putting it smply, orthogond array isa number table consisting of rows
and columnswhererowsof thearray represent the experimentsor teststo be performed,
and the columns correspond to different variables whose effects are being anayzed.

DOE dramatically reducesthe number of testsrequired to establish optimum
conditionsor design, which isessential in the present-day competitive market for
faster development of quality product and services. To fadlitateitsapplication, anumber
of computer software (DOE software) are available nowadays, which are programmed
to ded withalarge number of variationsand constraintsin the proposed mode! or
experiment. To put it Smply, thetechnique callsfor defining variablerangesand applying
condraintsby usng processdataand engineering knowledge, and theresfter esablishing
the optimum conditionsor design by suitably varying the optimum criteria, removing
Specific design pointsand optimally modifying the existing designsor process parameters
with additional points. Some common stepsinthe DOE are:

1. Definetheproject or the problem, set objectives, and planthetests.

2. Decide onevaluation criteriaand quality characteristics.

3. ldentify factorsand levels of those that areto beincludedinthe study.

4. Gather dataand knowledge about the possible interactionsof the factors
included inthe study.

5. ldentify uncontrollablefactors (Noise factors) and how they should be
trested.

6. ldentify thedesignvariablesand therangefor each.
. Decidewhich rangeto hold congtant.
8. Select the measured response variablesto beincluded inthe study.

\I



9. Sdlect adatistical test design.
10. Runthetedtsfor collecting significant data.

11. Analyzedata(varianceanayss) by using computer software and develop
satistica models.

12. Interpretation of results with respect to improvements sought for e.g.
optimization, performance, etc.

13. Decide onthedesign parameters.
14. Test robustnessof thedesign.
15. Buildthepilot lot of thedesigned product, and verify the design validity.

Important stepsinthe process of the DOE set-up areto identify desgn variables
and response variables. Design variables are the variables we have control over.
Responsevariablesare thevariableswe cannot control but can measure. Typically,
we want to achieve certain values of response variables by manipulating the levels of
design variables. Examplesof design variablesinclude weight, size, process settings
such astime/cutting speed, temperature etc. Examples of response variablesinclude
strength, dimensions, acceptance standards, cost, % of rgjects, etc. At times, it may
be difficult to distinguish between design variables and response variablesdueto high
correlation between two variables, which cannot be varied independently. In such
cases, it would be better to choose one asadesign variable and measurethe other as
aresponsevariable. Theinfluence of controlled design variables on measured variables
cantakelinear, interactive or quadratic effects, depending on the nature of variable
effectsin the designed experiment, and the results can be deduced accordingly. The
result of this DOE experiment can then be used in the empirical model for system
optimization. To sumup, the processinvolves:

e Knowledge of the process and parameters, and clear objective of the
experiment,

¢ Planning and designing of the testsby considering the design variablesand
response variables, and

o Statistical modelling by expert knowledge based on atheoretical model
involving design and response variables or using the results of DOE as
described above.

DOE isused for three primary objectives, namely:
1. To establishwhichfactorsare most influential and over what range

2. Tofind optimum parameters, taking into consderation different demands
based on the observed response of the experiment

3. Totest therobustness of proposed solutionsor design

Types of experimentswill, therefore, depend on the objectives of thetest. For
example, two-level orthogonal arrays can beused to design experimentsto suit severa
experimentd stuationsto know themachine setting rangesin amachining processfor
performance consistency. DOE not only reducestimeto establishtheright processor
product design, it also resultsin substantia reductionin cost. Many claimthat the cost
of developing anew product through DOE can lead to over 50% cost saving for a
company. DOE hasbeen applied to many functiond areaslike:
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1. Research & Development: For quantifying interrelationships between
variablesand/or screening alarge number of variablesto find out thecritical
Oones.

2. Qudity Assurance: For setting quality pecificationsand acceptancelevels
inamanufacturing set-up.

3. Product Development: For new product development, product
optimization based on customer preferences or re-designing for coping
with changesin market place.

4. Manufacturing: For establishing optimum machining conditions, casting
conditionsetc.

DOE isespecialy useful when making decisonsinvolvesalot of unknowns.
For example, during the development of a new product, there are usually lots of
unknowns about how to design the best product but keeping the cost low. DOE can
turn the unknownsinto accurate estimates of the effectsof variablesthat can lead to
theright choice of design of the product under development. In quality management,
theanadysisof process parametersisoftendoneby DOE, whichreliesonthe preparation
of orthogondl arraysthat clearly show theimpact of changesin process parameterson
the output of the process.

B

N
— \\ ——

LS Taget US
Fig. 6.16A Stuation 1

(3) Taguchi’sQuality LossFunction

Noted Japanese Qudity philosopher, Taguchi, has developed aunique technique called
Quiality Loss Functionanalysis, which establishes cost (or financial implications) due
to user dissatisfactionwith aproduct’sperformanceasit deviatesfromatarget vaue.
Taguchi pointed out that both, average of the process and variations, are critical
measuresfor quality. Thisled himto formulate atechniqueto establishwhat should be
the “target” value of a product or processthat would result in no losseither to the
company or to the customer. The andysisfocuses on the controllable variationsfor
making the processmore centred with respect to thetarget value.

I I
LCT Target UCT

Fig. 6.16B Stuation 1 Fig. 6.16C Stuation 1



To understand theimplication of the concept, let’sconsidersthree stuationsas
represented below:

(1) Situation 1 showsasituation where both curvesA & B are centred on
thetarget, but the spread of B (i.e. viriations) ismorethanA. It meansthat
process B will belessrelaible to produce quality ontarget, and will cause
someeconomic loss.

(2) Situation 2 showsthat both processesA & B are equd invariations, but
processA iscloser to target value. Hence, it will be preferred by cusomers.

In these figures (6.16A,B,C), LS and US refer to lower and upper
specifications, but figures2 & 3refer to LCT and UCT, which arelower
and upper customer tolerance levels beyond which customers become
dissatisfied. Thetask of Teguchi’slossfunction analysisistofind out the
optimumtarget valuethat will not cause customer dissatisfaction aswell
asnot cost the company morethanwhat isrequired to be done.

Taguchi’'sLoss Functionisplotted with Lossinthe Y-axis (vertical) and
Target valueinthe X-axis (horizontal) —vide Figure 6.17.

(3) Situation 3 showsthese stuations superimposed onthe Loss function
curve, wherethe processes may beon target as per visua estimation but
B hasmorevariations, which must be corrected to get the optimumvaue
fromthedesign.

The Quality Loss Function gives afinancial valuefor customers' increasing
dissatisfaction astheproduct performance goesbelow thedesired target performance.
Equally, it givesafinancial valuefor increasing costs asproduct performance goes
above the desired target performance (see Figure 6.17). In the words of Quality
Master Deming, Taguchi’slossfunction goesto prove: “A minimd lossat thenominal
value, and an ever-increasing losswith departure either way fromthe nomina vaue.”

Thus, determining nomind value (i.e. target vaue) isacritica factor inthe decison for
designing aproduct or aprocess. Determining thetarget performancevaueisgeneraly
made by an educated guess, based on customer surveys and feedbacks. The quality
lossfunction attemptsto make this guessmore scientific by introducing amethod of
satisticd analysisfor controlling variations. Lossfunctionanalysis entails evaluating
both varianceand the average of aprocess, and providesasinglemetric for comparison.
Inthisrespect, Taguchi’'smethod can be considered asacombination of statistical and
engineering aoproachto arrive at theoptimumtarget vauefor minimum potential loss.
Figure6.17 showsanillugrative curve pertaining to Taguchi’s Quality L oss Function.

Loss

| | |
LCT Target ucT

—h—>

Fig. 6.17 Taguchi’ Quality Loss Function Curve
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The qudlity lossfunction allows decisionsto be made at the design stage itself
regarding how to minimizeloss(i.e. savecost) by controlling variationswhileaming to
achieve atarget performance vaue.

Technically, Taguchi’s Quality loss Function can be defined as: A parabolic
representation that estimatesthe qudity loss, expressed monetarily, which resultswhen
qudity characteristicsdeviatefromthetarget values. The cogt of thisdeviationincreases
quadraticaly asthe characteristic movesfarther fromthetarget valuein either direction.
Lossdueto performance variation can be calculated fromthefollowing equations:

(1) Loss at a point L(X) = k (X-1)2,

where k = Loss coefficient
X = measured value
t = target value
(2) For: Average Loss of a sample set: L = k . [s2 + (pm—t)?]
where, s = Standard deviation of the sample, pm = Process mean, and t = target
value.
This would trandate: Total Loss = Avg. Loss x Number of samples.

To work out the loss, measure data from a process line producing a part, data
should be collected for about 30 or more parts, and also collect ‘Failure cost’ per
part from the filed. Then:

Calculate average of the measurements, and the standard deviation by checking
the spread and dividing the same by 6.

Find k (a constant for the process) from the formula (1), using L(X) = failure
cost obtained from the field, and the target value (t) set for the process.

Next, calculate average loss per part in this set by using formula (2).

Quality managersoften come across caseswhere parts have been produced as
per the specification band and okayed by QC, but some of themare not fitting to the
next assembly point requirements. Asaresult, the partsnot fitting which cost money to
the company should be either rejected or reworked. Taguchi’s method allowsthe
company to design the process or the product by following thisanalysis, and then
taking measuresto control the variations. Themore precision, themorelikely isthe
chance of facing such problemsinacompany.

For effectively handling thissituation, Taguchi considered that both average
performance and variation are critical measures of qudity capability, and they haveto
match each other. Inthisregard, he classified the causes of variationsinto: controllable
and uncontrollable. He called thelatter category noisefactors. Herecommended that
sdlecting aproduct design or amanufacturing processthat isinsenstiveto uncontrolled
sources of variationimproves quality, but major source of lossaredueto controllable
variations. Applying Taguchi’s concept entails evaluating both the variance and the
averagefor arriving at abest solution. For adynamic situation, wherethe performance
level depends on some conditions of usage or applications, he used the concept of
signal factor and adjustment factor. His method suggests adjustment of “adjustment
factor” insuch amanner that the relationship between signa and adjustment factors
becomesinsengtive or less sensitive. A smpleexampleisthe design of aceiling fan.
Noise from running the fan causes customer annoyance, and this can be controlled by



adjusting the quality of bushes (it could befor other reasons, but considered for this
example) inamanner that noise level does not change any further after some bush
qudity improvement. For further improvement, another signal factor to betaken—for
example, heat generation during running—and thearmature quality should be adjusted
till thetemperature rise becomesinsenstiveto thearmature qudity. Theseimproverment
actions can go onftill asatisfactory product has been designed. Thus, improvement
actionsduring the design stage itself can betaken to ensure aproduct that doesearn
customer dissatisfaction and at the same time does not lead the company to make
improvementsin the parts beyond alevel where thereisno return of investment.

Taguchi recommended use of “orthogond arrays’ asatechniqueto smulatethe
results of variousfactor combinationsto reduce the number of experiments otherwise
necessary to completethe design. Thisisnecessary to coming to abalanced solution.
Taguchi’sloss function analysis goesto show that though many timesthe guesswork
for target vaue setting may work intheindustry, but for ensuring valueto customersby
producing the satisfactory product at optimum cog, it should not beleft to chance,
because of the gap between average and variationsinherent inaprocess (see Situations
1to 3mentioned earlier). Variationsmust be controlled to minimum|level by systematic
analysis and corrective actions, and Taguchi’s method provides an answer to this
problem. The system can be used inthe application of QFD techniquefor designing of
product featuresor for benchmarking the quality output of aprocess.

(4) ValueEngineering

Vaue Engineering (VE) isatechnique for analyzing functions of anitemor processto
determine“best value” or the best relationship between “worth” and“cost”. By “Best
vaug’, meansthat anitemor process consstently performstherequired basic functions
and hasthe lowest total cost. Value Engineering can be defined as an organized
effort directed at andyzing the functionsof sysems, equipment, fadilities, services, and
suppliesfor the purpose of achieving the essentia functionsat thelowest life-cycle
cost consistent with required performance, reliability, quality, and safety. Value
Engineering (VE) wasfirst developed by Lawrence Milesasaresearch activity at the
General Electric Corporation, USA, during World War 11, and sincethen got widely
usedinindustriesand Government bodiesto take advantage of itsbenefits. The efforts
pertaining to V E can be performed by both in-house personnel and by expertsfrom
outside the organization. Value engineering contributesto the overall management
objectivesof the company by improving quality, reducing cost, streamlining operations,
and promoting acreative work culture. The techniqueisvariously known asvalue
andysis, value management, and value control. The primary purpose of thetechnique
isto accomplish al the required functions of anitemor aprocessat the lowes total
cost through aprocess of eimination, combination, substitution or smplification of
design parameters or process steps. In the present day competitive business
environment, VE hasavital role asaproventool for reducing cost and improving
product quality and process performances.

Value engineering is a customer centric process, and, as such, it focuseson
functionsof anitemor processfor the analyss. Whenthetechniqueisapplied at the
design or engineering stage, it may be called value engineering (VE), and whenit is
gpplied at the later stages of manufacturing or during thelife cycle of the product, it is
called value analysis (VA). However, many subscribeto theideathat aV E project
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should start with value anadlysis (VA) first and then should be appropriately designed
and engineered to add valueto the product. The objective of these processesisto
ensurethat thedesired vaue (i.e. vauewhat acustomer requiresfor its applicability
and isprepared to pay for the same) isnot compromised at al at any stages, namely
design, engineering planning, process planning, or manufacturing. Sincevaue of an
itemliesinfactorslike the quality, maintainability, repairability, aesthetics, longevity,
etc, efforts of functional analysis must direct to all thesefactors, and quality alone.
Thus, valueengineering isafunctionbased srategy to accomplishthedesired functions
of apart at least cost or desired features of an article at lowest life-cycle cost. The
processof VE is, therefore, multidisciplinary and follows a specific methodology. In
brief, the VE process breaks components of aproject into functions, andthe VE team
identifiessolutionsthat will satisfy thefunctions. Inamanufacturing organization, VE
team formulatesthe solutionsinto workable recommendations and the design team
implementsthevalid recommendationsinto the design. To ensurethat sysematicVE
improvements are achieved, the following process steps for value engineering are
recommended:

1. Desgnatingamanagemernt official to monitor and coordinatethe V E efforts
intheorganization.

2. Developing criteriaand guideinesfor both in-houseand outside experts
toidentify programmes/ projectswithmost potential to yield good savings
from the VE application. VE process should recognize that potential
savingsaregreatest during the planning, designing and initial phasesof the
programmeimplementation. Guidelinesshould cover:

a. Minimumthreshold valuefor sdlection of aproject;

b. What isacceptableunder the prevailing regulationsfor the product,
environmenta standardsand energy regulations,

c¢. ProvidingtraininginV E techniquesto thestaff assigned for developing,
analyzing, reviewing and carrying out V E proposal and evaduations,

d. Documenting theprojects, programmes, systemsand productsthat
meet the criteriafor carrying out V E studies. Also, documenting the
reasonsfor not implementing recommendations by VE teams,

e. Developing annual plansand reporting systemsonV E activitiesin
the organization.

Methodology of VE study involvesthefollowing sages:

o Sdection (Pre-study) —thisinvolves selection of right projects, processes
or systems.

¢ Investigation —thisstage involves gathering background information and
data, and carrying out functiond analysisby the VE team. Theteam compiles
al information pertaining to customers needsand rankstheminarelative
scale.

e Brainstorming—for identifying cregtive dternative proposas. Thisstageis
themost crucid and involves (a) identifying primary functions of the product,
(b) breaking downthe primary functionsinto sub-functions— secondary,
tertiary etc, and (C) estimating costsfor providing the desired featuresinthe
product.



e Evaluation—thisinvolves anayses of aternatives andlife-cycle costsin
order to establish an optimal set of product functions that meet the
requirements of thecustomersat least life-cycle costs.

e Development — involving technical and economical justifications with
supporting data of the chosen set of functionsthat offer thehighest valueat
thelowest codt.

¢ Presentation —to the management with recommendationsand team findings.

e |mplementation (Post-study) —involving fair evaluation of the proposal,
working out of theimplementation plan, identification of resources, and
implementation.

e Audit—involving review of the accomplished results, and awards.

Though cost savingistheresult of aVE project, it primarily amsat providing
essentia featuresand functionsof aproduct to cusomersat theleast life-cyclecost. In
thisrespect, it has some similarity with the QFD objectivesand amatrix very Smilar to
theoneused for QFD analysiscan beused for VE aso. A typical spreadsheet for VE
study should consider:

(1) Primary functionsof theassembly or the product.

Functions of each part that goesinto the aggregate-including listing of
subfunctionsof each part.

(2) How thefunctions and sub-functions are synchronized to achieve the
primary functions, and the cost of this synchronization.

(3) Specid featuresof thefunction, and value or importance of the functions
expressed interms of index or % of value being attached by customers.

(4) Cost of the partsas % of total codt.
(5) Any other featuresthat add valueto the product.

Value andyssand working out of alternativeshaveto be carried out based on
thesefunctionsand costsanalysisby the VE team.

VE isnot only recognized but also accaimed as one of the best Valuelmproving
Practicesthat management can employ. It isbeing successfully applied to new product
development, improvement of existing products, quality improvement, improvement
of customer satisfaction, and the process of planning, manufacturing and congtructions
for maximizing businesses. Somemgor benefitsof VE are:

¢ Reduction of product and operating costs

o Effectiveutilization of resourcesfor better businesses

¢ Reduction of waste

e Clear directionof work philosophy, and resultant employee involvement
o Cost competitivenessfor gaining strength inthe market place.

It must beborneinmind that V E isnot smply cost reduction; it isabout teamwork that
isfocused to give best valuefor money to thecustomersat large. To achievethisgod,
more and more companiesare now collaborating with the suppliersand customers
aike by cutting down the barriers of organizationa boundaries They aredll working as
ateamfor cutting down waste and building real value that servesthe customershbest.
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(5) Fault TreeAnalysis

Therearemany productswherethecost of failure could bevery highe.g. bresk failure
of acar, failureof domestic L PG gas cylinder valves, passenger lifts, escalators, etc.
Suchfailures often entangle product liability cost, which could have atelling effect on
the company’s performances. Thefault tree analysisis an effective meansto know in
advancethelig of undesirable eventsthat the design teammust take care of intermsof
more robust and reliable design or incorporation of other fail-safe methods. Asthe
nameimplies, thefault treeanalyssinvolves systematicaly arranging intheformof a
branching out tree of different causesthat may be responsiblefor thefailure of apart
that isbeing studied for improvement. Thetechniqueis best used inthe designof a
mass-producing new product where the hazard of failure may affect the product
acceptability or harmthe users.

Thefault treediagram attemptsto interlink the probable causes of failure of an
event through the representation of branchesof atree. The branchesarelinked together
by meansof gates, asinlogical circuit, indicating if the event can occur asan “ether-
or” event or asa“thisandthat” event. Example of afault tree analysis of axlefailure of
an automobileisshown Figure 6.18.

[ Axlefailurein acommercial vehicle |

————
| | or I—l
Axle cracked Bearing seized
or
/= ——
|—| |—| |—| or
Wrong material Wrong Heat-treatment  Lack of lubrication Assy fault
Wrong_dﬁensi ons
———————
|—| And
Faulty grease Faulty application

Fig. 6.18 llustration of fault tree analysis — showing the inter-linking causes of failure of an
automobile axle. [ Only some of the probabl e causes have been shown; other causes can be
built into the diagram]

Infault tree analysis, relative seriousnessof the event (failure) isindicated by
assigning “classof hazard” under four categories:

o Classl: Negligible hazard—those casesthat will not result in persond injury
or other product damage. Example: Failure of andectric bulb.

e Classll: Marginal hazard —thosethat can be controlled without injury to
personnel or major product damage. Example: Failure of abi-cycletube.

e Classlll: Critica hazard —those cases that will cause personnel injury or
major product damege. Example: Earlier stated axlefailureof acommercial



vehide. Thisclassof hazard needsimmediate attention for corrective actions
for product survival.

e Class|V: Catastrophic hazard —that will cause severeinjury to personnel
or product loss. Example: Failure of break of arunning vehicle.

Generally, anumerical value isassigned to the above hazard categories, and a
numerical value assigned to the possibility of failure and the overal risk involved. For
instance, hazard categories can be assigned: Class| =0, Class|l =1, ClasslIl =5,
and Class |V = 10, and the possibility of failure with respect to causes shown in
Figure5.5 could be out of 100: Wrong materia = 10, Wrong dimension =5, Wrong
heat-treatment = 20, Faulty grease= 10 etc. Thelatter valueswill depend onthe set-
up and environment under which the manufacturing isbeing carried out. The primary
aim of such asystem of assigning numerical valuesisfor actions by thedesign and
control teamto minimize the chanceor risk of any type of failure that may endanger
human lives or heavy damageto the property.

It may begpprecdiated that useof thefault tree anaysstechniquecalsfor accurate
dataand information about field conditionsinwhich the component hasto work, the
nature of accidentsor falluresinthefield, customer complaint data, competitors product
capability, lawsand regulations relating to the safety and serviceability of the product
etc. Assuch, the processdemands an accurate data gathering system, record keeping
and eaborateinformation management systeminthe organization. Wherethereisa
paucity of informetionand datarelating to themodesof failure, elaboratefield trial and
testing of sub-assemblies/assembliesmay be needed to acquire knowledge. Elaborate
designsof information system, field trialsand assembly testing facilitiesprevalent in
automobile manufacturing companies are some examples of stepsfor fulfilling this
necessity. An effective syssemin thisrespect helpsto understand, design and mitigate
thefactorsthat may cause product qudity deficienciesin thefield operations.

(6) New Seven M anagement Tools
Thereareanumber of other tools that can be used for quality planning, and the one
that isgaining popularity is“TheNew Seven Management and Planning Tools’. These
toolsarenot exactly new to theindustries, but were made popular in US and Japan
since mid-1980s for improving the effectiveness of their quality planning and
improvement efforts. These new tools are especially useful for structuring some
unstructured ideas, making strategic plansand organizing complex projects. TheNew
SevenTools” are:
. Affinity Diagram,
. Interrdaionship Diagram,
. TreeDiagram,
. Matrix Diagram,
. Matrix DataAnalyss,
. Process Decision Programme Chart (PDPC), and

7. Arrow Diagram.
Some of these tools have already been mentioned in this section. Thesetools are
basicaly drawn from*“Operations Research” methodology, and discussing themin

detailsisout of bound of this volume. Hence, only the salient features would be
mentioned here.

o O, WDN P
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(1)

@

Affinity Diagram: Itisatechnique of gathering and organising largenumber of
dataor ideas, opinion and factsrelating to aproblem or project, and to identify
naturd paternsor groupingsintheinformetion. Thistechniqueisateam gpproach
and applied on broad issuesthat affect the organization’s business performance,
such ascustomer dissatisfaction, causesfor high cost of poor quality, etc.

Oncetheissue has been identified, theteam (generdly 6 to 8 persons) isformed,
which then brainstorm on the selected issue and note down each response.
Thereafter, the ideas, which are generally put forward at random during
brainstorming sessions, aregrouped according to their “affinity” or relationship
to each other. Thishelpsto systemétise theideasand guide to the measuresfor
solution. The*“ affinity” relationship can be suitably displayed in aflow-chart
pattern by further brainstorming with creative approach (i.e. looking differently
and cregtively) to the problemfor optimal solution.

Interrdationship Digraphs. Thisisatechniquewhereacentrd issueischosen
and thenlogical or sequential linksare developed among related category of
problems, in order to get aclear ideaabout what leadsto the central problem.
Thisisaso ateam approach and encourageslateral thinkingin problemsolving,
likedowntimeanalysis, failure cost, etc. The key pointsare: (1) it illustrates
interrelationships between many ideas, (2) identifies mgjor factors or causes
affecting theissue, (3) enables problemsto be examined frombroad perspective,
(4) determinethe order or sequence in which the issuesshould be addressed,
and (5) eliminates any bias in solution due to preconceived ideas that most
frequently creep ininto any problem-solving process. Thistechniqueis often
used in conjunction with “ Affinity Diagram”, after the latter technique has
established clear focusto theissuesat hand. Theaimof thistechniqueisto take
the centra idea(say from affinity diagram study) and then map out logical or
sequentia linksamong related issues. For eechissueat hand, theteam members
areencouraged to come out with morethan onesolutionin order to lead to the
moreoptimd solution. Figure 6.19 illugtratesan” Interrelationship Digraph” for
amachinedowntime (only few typical causesareillustirated). Fgigure6.19 only
pointsto the possibleissues; linkages betweentheissuesfor right solution should be
carried out by theteam membersby braingorming, cause-and-effect andyss, etc.

—»Machi ne alignment—Damaged foundation---Sturdiness—
Boring bed not steady Worn-out bed

Machine ) . . Machine
(Boring m/c —>Poor dimension Hardness Wrong holding— Downtime

—»Material Profile Tool holder »
—> Skill Training Supercision System/Procedures —»

—>| Work environment: |—>Lax Motivation Team spirit  Poor lighting—»

Fig. 6.19 An Illustrative ‘Interrelationship Digraph’
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Theideaisto jointogether by al process ownersto brainstormand zero into
the causesof aproblem, and ensurethat the sysems and methodsare correctly
placed for effective qudity management.

Tree Diagram: Thisisananaytica planning tool that is used inbreaking down
issues and ideas until actionable items and points are identified. The tool is
primarily used for operationd planning stepsafter theinitial diagnosisof issues
and problems have been made. Thetechnique callsfor aclear statement of the
problem fromwhere ateam startslooking into the process steps required to
arriveat afina concluson. Thetree diagram can aso be used for process step
identification with aview to producing correctly and efficiently. A common
exampleof useof treediagram for charting out process stepsisthe assembly of
individual partsto sub-assembliesand then to final assembly inacar plant. The
chart, showing stepsformthe base problemto the sequential development of
processor activity stepstill thefinal concdlusion, looks morelikeaninclined tree.
Inthiscontext, readersarereferred to* Fault TreeAnaysis’, whichisavariant
of treediagramfor decision-making—aso knownas“Decison Tree”.

Thetypica stepsintreediagramandyssare:

1. Choose the project or issue to be solved or goal to be achieved, and
develop aclear god statement for focus.

2. ldentify mgjor “heads’ under which theissueisto beandysed. For example,
analysis of customer needs, competitions, process capability, supplier
availability, budget and inventory congtraints, etc. for new product
development. (These feedbacks are generally generated from Affinity
Diagram, Interrelationship Diagramor by Brainstorming).

3. Organise all tasks logically in order to arrive to the set goal by asking
questions and brainstorming. Put themin order under each head.

4. Review thediagramto ensurethat al tasks have beenincluded inlogica
sequence.

5. Planthe processand actionsto resolve theissue asper god.
Matrix Diagram: It isamethod of graphically displaying relationship between
characterigtics, functions and tasksin such away so asto establish alogical
connecting points betweenthe factors being considered. “Houseof Quality” as
shown under QFD discussion is an exampleof thisapproach. Theaim of this
techniqueisto help identifying thefeatures of aproduct or service that would
satisfy thefunctionand task at thefiled of gpplications, and then proceed to use
that informationfor quality planning and improvement.

Matrix Data Analysis. Matrix data analysis is a statistics-based “factor
analysis’ technigue. The processtakes datafrom matrix diagrams and then
attemptsto arrangeit quantitatively to display the degree of relationship among
thevariables. For daily work, thistechniqueistoo quartitative. Therefore, some
prefer to use an dternative gpproach— prioritization matrix —for smplifying the
issue and to apply in daily work.

Process Decision Programme Chart (PDPC): The PDPC isamanagement
and planning tool that isused to creste adetailed implementation plan by including
all possible problems and unfavourable events that may occur during the
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implementation. It mapsout al possibleeventsthat can occur when moving
fromaproblem statement to possible solutions. In practice, PDPC takeseach
branch of atree diagram, anticipates possible problemsand providesaternative
measuresthat will prevent the deviationfromoccurring or not to be affected by
the deviation. An example of PDPCisshownin Figure 6.20.

(7) Arrow Diagram: Thisinvolvesplanning and constructing the essentia steps
fromdart tofinish of aproject or problem solution, wherethesteps are connected
by arrowsto indicate the flow of events or activities. Thistechnique hasbeen
widely used inthe form of CPM or PERT.

Goal: Develop Customer Specific ‘software for managing supply-chain

Seps: Establish Team, Study Present SCM System, Re-design Processes

Develop Contents ~ Present to Mgt.  Modify Contents| Decide Trial Run

Risks | | |

What-ifs: Resistance from Resistance from Cost of Trids
Managers Suppliers

Planned Counter- Speak to Top Management, and Focus the Benefits

measures; issue Executive Order for Fecilitating Trias

Fig. 6.20 An lllustrative Process Decision Programme Chart

These management and planning tools are often used conjointly, and considered
useful to promote participation of managersin improving thequdlity of decisonsthrough
teamwork and active involvement of individuals. Aswill be appreciated fromlater
discussonsof * Statistical Tools', many of these new tools havetheir concept drawn
from ‘seven smpletoolsof gatistics .

6.5 CONTINUOUS IMPROVEMENT TOOLS

Asthetitleimplies, it isa specially designed process of activitiesin acompany for
continually achieving further improvementsin quality and vauein productsand services.
Theam of thisimprovement progrrameisaccomplishing higher cusomer satisfaction
and superior business performances. Continuousimprovement isapart of principles
by whichtotal quality ispracticed in modern organizations, and it hasbecome apart
and parce of strategic management philosophy for superior businessresults. It isnot
only apart of product or servicequdity improvement programme aone; but it embraces
al sysemsand processesin theorganizationsfor customer satisfactionand superior
businessresults. Assuch, continuousimprovement programmesmust cover all areas
of operationsin an organization concerned with the customer satisfactionand superior
business performance. Thisprocessisat the core of totd quaity management practice.

Theimportant areas of gpplicationsof continuousimprovement include:
¢ Improving qudity levelsof productsand services
¢ Reducingwaste, errorsand defectives, leading to improvement in costs



¢ |mproving cycletimeof performance and lead time for responseto cusomer
requirements

¢ Developing new understanding about the changing market and customer
preferences

¢ |mproving thecompany’soveral performancesfor fulfilling the corporate
responghilitiesand obligationsto different stakeholders, and

¢ Developing the skill and competence of peopleinthe organization.

There are number of ways by which an organization can put continuous
improvement into practice, but basic stepsof acontinuousimprovement process are:
(8) systematically determining and isolating the root causesof quality or performance
deficiencies hindering the improvements or desired results, (b) remedying the
performance problem by eiminating the root causes, and (c) stabilising the system or
the process by standardising the improved practice so that the system functions
effectively to hold to the gains. Obvioudly, analysis of these steps would require
considerable use of different satistical tools, some of which will be discussed in this
unit. These stepsof analysisare similar in practice as mentioned under the Deming’s
P-D-C-A cycle, and Juran’s quality improvement programme. Continuous
improvement drivesare anever-ending cycleof activitiesfor doing better and better,
timeand again. The processdemands the belief that thereisno end to improvements,
and the main barrier to recognise the need for improvement isthe fixed mind-set of
peopleworking inthe concerned areas. Thus, teamwork, cregtivity and innovationare
apart and parcel of all continuousimprovement programmes, becausethey helpin
overcoming afixed view and mental barrier, and aso help in finding out the best
dternative solutionto aproblemthrough crestive thinking and innovativeapproach to
the problem solving.

While creativity, innovation and teamwork are common denominators for
continuousimprovement programmes, someof theimportant techniquesfor continuous
improvement are: Deming’s P-D-C-A cycle, Kaizen, Quality Circle, Just-in-Time
Manufacturing (JIT), PokaYoke (mistake Proofing), Zero-Defect Programme,
Taguchi’s Quality Loss Function, and 5-S programme. Mgjority of thesetools can be
a0 used for qudity planning and for specid strategic purpose. Taguchi’sLossFunction
andysishasbeen discussed earlier, becausethetechniqueisuniquefor quality planning
of improved products. Qudlity circle and 5-S programme would be discussed under
‘ Participative Quality |mprovement’ techniques. A brief description of other techniques
isalso providedinthisunit. The subject of quality planning and quality improvement
toolsisso vast that they are generally covered in special, purpose-dedicated books
onthissubject. The coverage of such detailed treatment is outsde the scope of this
book. Thediscussionsgiven hereareaimed a providing the scope and elements of
each of thesetechniques, and their relevanceto tota quality management.

1. Deming’'sP-D-C-A Cycle

Deming's P-D-C-A (Plan-Do-Check-and Act) cycle underliesthebasic approachin
problem solving and improvement projects. Whet it impliesisthat for solving aproblem,
onemust understand why it isimportant to undertake theimprovement programme of

the problem areaand then plan what to do, doing asdecided from the data set and
analysis of the planning step, checking if the results achieved are adequate or what
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onewanted it to be, and then acting for implementation and standardization of the
practice. Theimportant stepsin thisprocessare:

(i) PLAN: (A) Identify the problem/improvement areawithjustificationfor why
—based on factsand data, and not perception or hunches. (Thisphase of work
iscalled Proof of the Need in Juran’s approach).

(B) Study current stuationsby: (a) collecting present data, (b) deciding data
on competitionsor desirability, and (c) determining goasto be achieved by the
sudy.

(C) Analysisof the problem for planning the action pointsfrom present data.
Thegepsinvolveare(a) identifying possble causes, (b) shortlisting most probable
causes, and (c) isolating theroot cause(s).

(Steps B and C areknown as Diagnostic Journey in Juran’s approach).

(i) DO: Implement solutionfor theroot cause(s) by analysing: (a) list of possible
solutions, (b) sdlecting preferred solutionwithjudtifications, and (€) implementing
preferred solutionsinthe process or problemaress. (Thisstepiscaled Remedia
Journey inJuran’sapproach).

(i) CHECK: Thisstep involves checking, measuring, analysing and continuous
monitoring of results Theaim of thisstep isto ensurethat the developed solution
or the process can produce the desired result.

(iv) ACT: Thisstepisknownas‘HoldingtotheGains by (a) sandardisng the
process of improvement achieved by the programme, (b) reviewing thewhole
processto plug any loopholes, and identifying futurework.

These arethe basic sepsfor systematic approach to continuousimprovement intotal
quality practice. Infact, the P-D-C-A approach—alongwith S-D-C-A cycle—has
cometo berecognised asapowerful tool for problem solving inindustries. S-D-C-A
sandsfor ‘ Standardize-Do-Check-and-Act. S-D-C-A cycle helpsin bringing about
the needed standardizationinthe practice inamanner that eiminatesthe possibility of
the problemrecurring againin the systemand leads to the congistency in the higher
level of performance or quality. Figure 6.21 shows anillustration of how P-D-C-A
and S-D-C-A cycles can be combined together for accomplishing step-by-step
improvement, which isthe characteristic of any continuousimprovement project.

Higher S-D-C-A Cyde

P-D-C-A

Level of
Quality [“at start Cyde

Lower

v

Time scale for Improvement

Fig. 6.21 The Combination of P-D-C-A and SD-C-A Cyclesin Work for
Achieving Sep-by-step Performance Improvement



AsFigure 6.21 indicates, whileimprovement is brought about by P-D-C-A
cycle, thesystem hasto be brought to astage of stable control by the application of
S-D-C-A cycle. Thesestepsintheimprovement work aretermed as* freezing” of the
result at anew level, and “unfreezing” the syssemfromthe said level for improvement
totakeitto ahigher levd. Thus, S-D-C-A cycleisacontinuouscycle that hasto be
perpetudly rotated inorder to work for ahigher level of performances. Application of
S-D-C-A cycle helps in ensuring the effectiveness of the new system after the
implementation and standardization of the planned solution. Thisisthe essence of any
continuousimprovement study where oneimprovement result servesasthe take-off
point for another continuousimprovement study. In sum, continuousimprovement isa
processlinked with unbroken chain of following activities:

(i) Systematic determination and isolation of root causes of performance
deficienciesin any areaof thebusiness, namely production, quality, supply-
chain, finance, etc.

(i) Remedying the performance problem by eliminating the root causes by
appropriate measuresinthe company.

(iif) Ensuring stabilization of remedied measureinthe organization'ssystems
or practicesso that solutionsareeffective and provide the desired benefits.
(iv) Thinking and working out for the next opportunity for improvement, and
keep on repeating thiscycle.
In continuousimprovement programme, it isnot enough to take actionsalone, it must
aso be ensuredthat the *actionstaken’ haveyielded the desired resultsthat are effective
enoughinthe context of the organization’s businessstuations.
2. Juran’s'Quality Trilogy’

Juran’'s* Quality Trilogy’ hasbeen another powerful gpproach for qudity improvement,
and being successfully practiced globally under the guidance of Juraninstitute. This
has been discussed in some detailsin unit 1; the purpose of repeating thesame hereis
to emphasise thefact that this philosophy has been subsequently developed asafull-
fledged technique for quality improvement in many organizations. Thisapproachis
oftentermed asJuran’s ‘ project by project’ improvement technique, because Juran
recommended handling of any improvement work in ‘ byte-by-byte’ manner (i.e.
sysematically) asin aproject and following the guidelines of his* Quality Trilogy’.
Briefly, thestepsinvolved inhis* Quality Trilogy’ are:

I dentify the customers.

Determine the needs of those customers.
Quality Planning Trandate those needs into your language.

Develop a product that can respond to those needs.

Optimise the product features so as to meet your needs and
customer needs.

Quality Improvement Develop a process which is able to produce the product.
Optimise the process.

Quality Control Prove that the process can produce the product under operating
conditions with minimal inspection.
Transfer the process to operations.
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Juran suggested that al improvement work must be carried out by following the
above sequence, and the improvement programme should be handled as a project
with cross-functiona project team. Thiscross-functional team should be formed only
for anidentified project, and then disbanded after the project hasbeen completed and
gainsfromthe project have been held. Different cross-functional teams should be
formed for different improvement projects. Thus, while Deming's P-D-C-A cycle
sartswiththe planning of the programme by top management (e.g. Quality Councils/
Sub-Councils, or the Steering Committee responsible for quality inthe organization).
Juran’s approach isvery much people driven and system based.

Thejourney for improvement inthe schemeof thingsby Juran gartswith properly
identifying aproject, which involvesanalysisof dataand informationto determinethe
areas of opportunity or wherethe deficiencieslie. The purpose of analysing dataisto
framethe proof of the need for improvement, and thereafter definethe project and its
objectivesin clear measurableterms. The next stepsin the journey are to analyse
possible causes andidentify root causes, andfinally movefromtheroot causesto the
remedies. Remedia journey isnot completeunlessthe solutionshave beenimplemented,
checked, measured and analysed to determineif desired results have been achieved.
If not, root cause analysis and remedies should be re-examined and re-evaluated.
Oncetheresultsare satisfactory, thetechnique recommendsthet the process of achieving
the set resulltsbe gandardised in practicefor holding to the gains. Broadly, the process
can bedivided into 10 systematic steps. They are:

A. Proof of the Need:

(1) Identify improvement opportunities

(2) Understand why the problem hasto be addressed

(3) Clearly satethe problemand plan thedesired results (target)
B. Root Cause Analysis:

(4) Seek Cause-and-Effect relationship

(5) Collect relevant dataand analyse

(6) Isolateroot cause(s)

(7) Identify andimplement preferred solution(s)
C. Remedial Journey:

(8) Check and monitor results

(9) If godsaremet —adopt thesolutionin practice; if not, repeat Seps4
to8

D. Holdingto the Gains:

(10) Review thewhole processto plug any loopholes, and standardise
thenew processfor practice.

Therearelotsof commondities between Juran's and Deming’sapproach, but Juran's
approach ismore customer specific. Juranisthefirst onewho explicitly introduced
“customers’ asafocusfor any quality improvement scheme, and had designed the
quality management techniquestowardsthat end. He emphasised cusomer satisfaction
morethan Deming did and focussed on management and technical methods rather
than worker satisfaction. In fact, Juran’s approach is more applicable where the



objective of theimprovement work isto achieve a‘ breakthrough’ improvement inthe
organizationwith the help of management interventionsand crestive technical actions.
And, to makethe breakthrough possible, Juran advocated the use of “80:20” rule of
Pareto, which emphasiseson concentrating onthe‘vital few’ sourcesof problems,
and not to be distracted by ‘trivial many’ i.e. lessimportant ones.

3. Kaizen

Kaizen is a Japanese word, meaning ‘continuous improvement’; ‘Kai’ means
continuous, and ‘ zen” meansimprovement. Kaizen calsfor never-ending effortsfor
improvement involving everyonein the organization—be they managersor workers. It
is a people—centric process, and people’s involvement and commitment to
improvement isamust for successful Kaizen project. Kaizen principlesbdieve that
everything can beimproved —increment-by-increment —leading to the accomplishment
of much higher goals, be that in persond life or in business. In business management,
Kaizen—themogt powerful tool of Japanese origin for performanceimprovement —is
now widely used internationally. A part of thistechnique hasbeen discussed while
describing the contributionsof its originator—M asaaki | mai—thefather of ‘Kaizen'.

The basic tenet of Kaizenisthat alarge number of small improvementsover a
period will result in substantial improvement in organizational performance. The
cumulative effect of these smal incrementa improvements, in turn, leadsto quantum
improvement inthe areas of operationsand performance. Asaresult, Kaizen culture
changesthe vision of the company and morale of the employees, which are essentia
for superior performances. Kaizen involveslookinginto the problemswithafresh eye,
and amsto ensureeffectiveness of asysemor businessby restructuring and organising
every aspect of their operations and practicesinthe workplace. Thisdoes not mean
that whatever isongoing inacomparny should be changed or tinkered with. The change,
which alwaysaccompaniesasuccessful Kaizen process, hasto bemade after detailed
study and thorough andlysis, including viewsand suggestions of the peopleworking in
the respectiveareas of operationsor business. It isavery “people-centric” process,
and isbased on thefive primary elements.

e Teamwork: Kaizenaimsto establish teanwork in the company, and make
the employees and management to look at each other as member of the
teamwithacommongod. A Kaizen company pullstogether dl itsemployees
towardsthe commongoal.

e Personal Discipline: Kaizen believesthat each member of ateam must
have highmorale and disciplineinthinking and behaviour to maketheteam
effective. A team cannot succeed without each member working in unison
and seeing each other asacompetitor rather than support.

e Improved Morale: Kaizen believesthat highmora amongst employeesis
essentid for achieving long-termresults Therefore, Kaizen processisdesigned
to take care of employee morale by people to peopletouch and effective
communication sysem.

e Suggestion for Improvement: Seekingimprovement istheaimof Kaizen.
Therefore, Kaizen process cdlsfor feedback and open communication from
each member of the team and people concerned with theareaor problem.
Theideaisto proactively act beforethingsarelate.
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e Quality Circle: Qudlity circlerefersto voluntary groupsin the workplace
who meet to discuss quality levels concerning pre-identified areasin the
company. Thisisan essentid tool for giving effect to the Kaizen concept in
an organization, and is being widely used by many industries.

Kaizenisnot aprocessthat looksat radical measuresto create dragtic changes
and immediateimprovements; it isaprocess of continuous, long-term approach to
improvementswith the help of peopleinvolved with the jobs. Kaizen believesthat
improvements continually unfold in aset up, and the activities of Kaizenteamare
accordingly designed to takelong-term continuousimprovement approach.

Kaizen, asaprocess, demands standardization of asmany aspectsof abusiness
(or amanufacturing process) asispossible, removing al bottlenecksfor quality and
productivity. Sincefrequent pitfall in quality management islack of interndl infrastructures,
sysemsand proven procedures, Kaizen gpproach often sartswith analysing, organisng
and restructuring every aspects of asystemto ensurethat it functionsat pegk efficiency.
Thisagpproach can be split into two functions, namey (1) establishment and maintenance
of the standard operating procedures (sop), and (2) continual improvement of the
same. Oncethe standard operating procedures have been established and mastered
through acombination of discipline and human resource development, thenext step is
to seek to establish higher standards, i.e. improvements. The areasof improvements
can beof two types, necessitating innovation for drastic improvement involving large
investments, and Kaizen type smd| improvementsto be brought about by continuous
efforts of the teams of employees. As has been mentioned earlier, Kaizen principle
believesthat everything can be improved, increment-by-increment, leading to the
accomplishment of much higher goals. Kaizen encouragessmall improvements day
after day, continuoudly. It isanever-ending improvement processthat followsgradua
improvement method asopposed to dragtic change by scrapping everything and Sarting
anew.

Thefirg step inKaizenimplementationisto check the current working sandards
and proceduresin order to estimate the current performance and scopefor further
improvements. Once the scope hasbeen defined, the next step isto “go to GEMBA™—
Gemba meansthered place wherethered actiontakesplace. Thisisoftenthework-
place, i.e. shopfloor. At the shop floor, two kinds of actions need to betaken: (1) to
involve the peopleworking inthe area, and (2) to introduce ‘ good housekeeping’
through 5-Sprinciplesfor bringing discipline, orderlinessand cregtive thinking amongst
the peopleworkinginthe shop floor. Kaizeninvolvesboth, working on theimprovement
of people concerned in the areas of work aswell as on improving the systems and
proceduresfor setting higher standardsfor better results. Assuch, Kaizenisasdtrictly
controlled action plan; it does not allow anybody to change any design or system
without thorough analysisand committee approva (Kaizen Committee). In Kaizen
practice, everybody in the improvement group, regardless of rank or position, is
encouraged to put up “suggestions’ for improvements, which are examined in details
by the committee. One of the critical tasks of Kaizen committee or improvement
groupsisto eliminate MUDA, i.e. wastes. Wastes are often the major source of
potentia revenuelossin the business. The best way to tackle MUDA istoidentify the
“nonrvaue added” activitiesand eiminate them one by one. Examplesof MUDA are;
frequent movement of peopleto andfro fromaplacefor getting thejobsdone, searching



for tools of work, excessinventory, over production, idle running of machines, lack of
freeflow of movement of goods, etc. The most common exampleisre-writing the
address of areceiver on envelopein addition to the letter inside. System of using
window envelope for such purposeis anoutcome of MUDA solution. All types of
MUDA fail to add efficiency to the process, and are sourcesof direct lossof revenue.
Therefore, dimination of MUDA isan essentia stepfor Kaizen process. A generalised
approach to Kaizenis showninFigure 6.22.

Look for new opportunities & plan for further improvements

Set new standards/procedures & new ‘standard operating practice’
Carry out improvement tasks, implement, review results, tie up ends
Form Kaizen team, resort to MUDA/5-S, training of people etc
Plan for Kaizen by identifying areas, and means, of improvements

P N W s~ 0o

Check / anadlyze current standards & systems, identify weak links

Fig. 6.22 General Order of Kaizen Activities

Aswould be evident, Kaizen approach makes extensive use of different kinds
of organizationtools statistical anayssand credtivity techniques. Kaizenisnot astand-
alone process. It isfree to adopt any technique that would lead to improving the
Stuation, suchas' Zero-defect’, Just-in-time, Total Productive Maintenance (TPM),
5-Sprinciples, etc. The main tasksof the Kaizen processare: to identify the areas of
improvement, form the Kaizen team, set improvement goals or objectives, set up
review committee, define do’s and dont’s, analyse and evaluate results, solve the
remaining performance issues, and establish the new standardsand proceduresfor
improved results. These steps should be followed by actionsin the organizationto
ingtitutionalise the Kaizen process so that Kaizen becomesaway to work, i.e. to bring
about the ultimate change in work culture as an enabler for positive thinking and
continuousimprovement. One of the objectivesof Kaizenisto set theright mind-set
of personnd inthe organization for creating agood work environment that supportsal
continuousimprovements programmes. I n sum, key Kaizen practices manifestsinto
thefollowing characterigtics:

e Work procedures become process focussed rather than result focus
¢ \Working objectivesbecome* customer-driven” rather than profit driven
¢ Problem-solving approach becomes cross-functional and team based with
co-operative approach amongst peopleworking inrelated areas
e Encouragement intheorganization for suggestions, qudity cirde, smal group
activities, and orientation for quaity improvement inal spheres of activities
by promoting work environment for cresativity and innovations
o Wide practices of improvement tools—like J T, Kanban, Zero-defect, TPM,
etc., and
e A cultureof ‘qudityfirst’ intheorganization.
Thus, Kaizenisnot amethod by itself; it isa cultural change and promotion of
work culturewhereall usua methodsof qudity improvements, cregtivity and innovations

areto befaithfully practiced. Kaizenisabout changing the outlook and practicesinan
organization fromthe level of ‘acceptable’ to ‘excellence’. It aimsto accomplish
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excdlenceinreaults, and themeansare by setting right mindset and crestivity amongst
people at theworkplace. The process broadly encompasses:. (1) making worker’s
operations more productive, safe, lesstiring and efficient, (2) improving equipment
quality, mechinelayout and materiasflow, etc., (3) promoting creativity and innovation
intheworkplace, and (3) improving or changing methods, systemsand procedures at
higher levels.

4. Zero-Defect Programme

Crosby first introduced this concept in his absolutes for quality management. The
purpose of thesystemisto eiminateidentified defects by prevention of occurrenceto
amaximum extent, if not completely. Thespirit of Zero-defect ispreverntion of defects
by doingit right first time and every time. Thisleadsto minimization of defectsto bare
minimumand tending to zero with drive for continuousimprovement. Croshy described
Zero-defect programme asthe absolute standard of performance, which should be
the constant am for achievement. Thisdoes not necessarily meanthat defect level
must be brought down to absolute zero to sart with. Whet thisprogramme achievesis
continua lowering of defect level by following different improvement tools. Japanese
industries successfully used thistechnique asastrong businessdriver in their global
competitiveness.

However, one may fear that with decreasing level of defects, cost may tend to
rise geometrically. One way of countering thisapprehensionisto add valueto the
products, which can offset any extracost of controlling the defects. An outstanding
exampleisthe Six-Sigmamovement of Motorola, which amsto continually decrease
the defect levd inthe processto threeto four parts per millionand yet gain considerable
cog, product and performance superiority over thecompetitors Theimportant direction
isnot what one does but how he doesit. The aim of zero-defect programmeisto
continualy bring down the defect levelsin aprocessor aproduct to near zero value.
The programme does not bind the company about the process of lowering defects,
but demands commitment and resource planning to achieve thisgod by following any
suitable improvement process. The system recommendsthat every company should
periodically observea* zero-defect” day inorder to bring about awarenessamongst
theemployees. Thisisaprogrammeand not atechnique, but practicing “zero-defect”
programmeisessential for successfully pursuing continuousimprovement.

5. Six-Sigma Practice

Six-Sigmaisaquality metric that countsthe number of defectsper million opportunities
(DPMO) at six levels. The higher thesigmea-level, the better isthe quality level with
lower DPMO. For example, asigmalevel of 3.5 meansthat aprocess hasthe chance
for producing 22,700 DPMO, but asigmalevel of 4.5 means 1350 DPMO at ashift
of processmeanto +1.5s. A perfect six-sigmawould mean defect level of only 3.4
DPMO even at a shift of process mean to +1.5s. This is achieved by drastically
reducing processoutput variations by ensuring that the processis made capable such
that the specification toleranceisat least equal to 12timessigma (i.e. £6s, sbeing the
‘standard deviation” —ameasure of quality variation. In contrast, thetraditional quality
measure hitherto followed defines aprocess capable if the specification toleranceis at
least 6timessigmal(i.e. £3s). Thisstuationisillustrated in Figure 6.23.
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Fig. 6.23 Sx-Sgma Graph

Graph (a) representstraditional quality level, where the processisconsidered
capableif (USL —LSL) is>6s, whereasfor six-sgmaquality level, it hasto be312s.
Thismeansthat standard deviation (ameasure of maximum alowablevariation) of the
process (sigma) hasto beimproved to 1/12th of the specification spread in case of
sx-sigmaquality process, i.e., processvariation hasto be dragtically improved.

The significance of thisimprovement by following the six-sigma practiceis
consderableintoday’sindustriesand businessprocesses. For example, withtraditional
3-sgmaprocess, having ashift of processmean of £1.5s, the processislikely to give
out 66,807 defectsper million opportunity, which isfar fromworld-class qudity, whereas
in Sx-9gmaprocess, having ashift of processmean of +1.5s, the processwould give
only 3.4 DPMO a sgmalevel six. It hasbeen experienced that with 3-sigmaprocess,
it would bevery difficult to conduct busnessin aglobaly competitive market, especialy
in service sectors, because defect generated would betoo large and at that high-
defect level virtually no modern computer can function with therequired religbility.

To understand the significance of six-sigma statistically, let us consider the
following:

Conventionally, Process Capability (Cp) = (USL — USL)/6s, where sisthe
standard deviation of aprocess. Now, assume that required Cp of a processfor a
given USL/LSL is1.5. Then, asper “sx-9gma’ concept:

oL = 1.5, where L = Sigma level between 1 to 6.
Thus, when L = 3.5, c = 1535 €)
when L = 6, c=156 — (b)

Thisimpliesthat “ standard deviation” (s) of the process (b) ismuch lower than
that of process(@). In other words, withincreasing sgmalevel, standard deviation,
whichisthe measure of dispersion (i.e. variations), significantly comesdown for a
process.

Thus, “six-sigma’ concept for controlling variations results in significant
improvement in quality, beit processor aproduct. Thisorigina statistical concept has
been further driven by Motorola (who first introduced this concept), GE (Genera
Electric), Allied Signal and others as the basis for improvement in all spheres of
management and as a long-term business strategy to gain superiority over other
competitors. Asmpleillustration, asgiven below, will highlight the scope of work
under six-sigmapractice.

Ilustration: Say, amachine hasto cut 1-meter long bar at aspeed of 10 pieces
per minute withthetolerance limit of 1M £ 0.1mm.
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Thismeansthat if the machine cutsat times any piecewithlength moreor less
than+0.1 mm, those pieceswill be defective, and cause loss of value, machinetime
and rework cog.

Traditionally, each cut bar can beinspected, defect corrected or taken out of
thelot for making supply to customer, but that would bevery expensive, time consuming
and not fool-proof, i.e. risk of defectivesbeing accepted will remain.

Six-sgmaprocesswill take a different gpproach to thisissue. It will examine
why theprocessiscutting differently at times, plot control chartsto identify the caus(s),
and go for analyzing how the process can be brought within thetolerance level dl the
timewithout any deviation. If thisstatistical approach doesnot work, Sx-sgmaprocess
will then call for re-designing the product or re-engineering the processinaway such
that occasional variations do not cause any error or defect. These will require
management involvement and commitment for resources, and may require quality
improvement steps of few other associated factors—likethe system, people, work
environmern, ec.

Thus, Six-Sigmatechnique identifiesthefaults, track them back to their origin,
re-designthe product or the service, wherever necessary re-engineer theprocessand
changestheinfragtructure, to makethe systemsand processes more cgpable, consigent
and precise.

Therefore, itisno wonder that “six-sigma’ isnow being used as*“ management
initiative” rather than“qudity initiative’ to bring superiority in business performance,
especialy with respect to cost and quality.

Six-Sigma practicewas pioneered by Motorolalnc. of USA. A brief outline of
their sx-sigmapracticewill perhaps demonstratewhat should betheprimary approach
to thistechnique. Motorolastarted thesix-sgmamovement with anaim of achieving
“near zero-defect” level intheir manufacturing competence. They defined * near zero-
defect’ as99.999% defect-free manufacturing capability. This defect level wasthen
trandated into DPMO at six different sgmalevels. At “six-sgma’ level, DPMO value
isthelowest, i.e. 3.4 only at aprocess mean shift of +1.5s, whichisan astonishingly
low defect level in the process compared to what was prevalent in manufacturing
industries (see Table 6.1). However, it should be appreciated that higher sigmalevel
cannot be achieved in one single go; companies haveto take upimprovements step by
sep.

Motorolahad approached this six-sigmamovement in phased manner. I ntheir
second phase of Six-sigmamovement, their objective was not only to move closer to
“zero-defect”, but also improved| levelsof customer satisfaction by ‘ Total Customer
Satisfaction’ (TCS) movement. This necessitated identifying areas that are most
important to customers, and then set out for improvement by six-sigmaapproachin
theseareasfirgt. They called thisapproach as* critical to qudity opportunities’ (CTQ),
where defects must be avoided if customers are to be made happy. Hence, their
garting point for Sx-sgmacampaign becamethese CTQ areas. Motorolahad devised
“six stepsto six-sigma’ practice, whichwasmoreto deal with the quality aspects of
non-manufacturing activitiesand areas of subjective decisons, e.g. planning, budgeting,
human resource management, maintenance, etc. Because it wasrealised early that
improving process capability to six-sgmalevel entailsnot only addressing the direct



qudlity capability issues, but aso areas of management that areintegral to work culture
and attitudefor perfectionin processexecution. Purposesof thesestepsare:

e Sepsl and Il involve determining the products to be made, customer
segment to be served, what isto be served and how to do that.

e Sep I involvesinmaking the organization look at the needsfor suppliers
support to meet thetarget quality, and focuson developing suppliers quality
capahility.

e SeplV: Thisisthestepwheredl processesbeing carried out by the company
should be mapped out, and needs and means for process improvement
should be determined for fulfilling the mission.

e Sep V: Thisstepinvolvescritica evaluation of the processto be upgraded,
and dimination of all non-value added steps, activitiesand sourcesof errors.

e Step VI: Thisisthe step for establishing measurement criteria, analysis of
data, and driving the processwith aspirit of continuousimprovement.

Animprovement drivein six-sigmapractice callsfor usage of al tools of tota
quality improvement —including re-engineering —with focus on the means for reducing
the processvarighility to bare minimumand establishing consistency inthe new process.
Six-sgmatechniqueidentifiessources of faults, tracksthemback to theorigin, eiminate
them, takes steps to make the process or system more capable by reducing the
dispersion and variation, and then provides measures for maintaining consistency. A
CTQ processwithacapability level established at agiventimeby six-sgmatechnique
may not be quite suitable for customers of different period; hence processes need
continuousevauétion, re-working and improvement. Theimprovement may bebrought
about in stagesfromalower sgmalevel to ahigher sgmalevd, but it must be pursued
for getting thefull benefits of “six-sgma’ movement. Though theterm*“sigma’ isa
statistica termto denote statistical capability of aprocess, “sx-dgma’ isjust not a
statistical tool; it isatool encumbering both manufacturing and non-manufacturing
aressfor ensuring superior quality, minimising cost of poor qudity, and gaining customer
satisfaction and loyalty in acompetitive market. A mgjor part of the benefits of six-
sigmamovement comefromreductioninthecos of quality (also referred as cost of
poor qudity). Theimpact onthe’ cogt of qudlity’ vis-a-vissx-sgmalevd of performance
canbe seenfrom Table6.1.

Table 6.1 Cost of Quality Variation with Six-Sgma level

Sigma L evel Defect per Million Opportunities Cog of Poor Quality
1 - Not Available
2 308,537 DPMO Not Available
3 66,807 DPMO 25t040% of Sales
4 *6,210 DPMO 15t025% of Sales
5 233DPMO 5t0 15% of sales
6 34DPMO Lessthan 1% of Sales

* Leve 4 with 6,210 DPMO is reported to be the industry average

Six-sgmamethodology employsthe following road map: Define—Measure—
Andyze—Desgn—Verify (DMADV) cycleor Define—Measure—Analyze—Improve
—Control (DMAIC) cycle. Boththe cyclesinvolveintensive dataanalysisusing a
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range of Satistica tools, which areaso employedintota qudity initiatives. However,
DMADYV cycle is used (a) when a product or processis to be developed in the
company anew, and (b) the existing product or process has been optimised but still
does not meet the level of target for customer satisfaction or sigmalevel. DMAIC
cycleisused whenaproduct or processisinexistence but it isnot adequately meeting
customer satisfaction or the set performance sandard.

In the above cycle, Define — refers to setting project goals and customer
deliverables, where customer meansboth internal and externa customers. Measure—
refers to customer needs and specification setting, and process measurement to
determine current performance. Analyze—refersto process optionsto meet customer
needs, root cause of the problem and identification of solution. Design —refersto
designing of processfor customer satisfaction. Verify —refersto analysisof resultsto
determineif the performanceis meeting customer needsand specification. Improve—
refersto processimprovement by diminating defectsand errors. Control —refersto
identifying measuresto control the processfor future performance at theimproved
level.

Thus, Six-sigmapracticeisbased on the premise of how to better thedesign of
products and processes so that defectsand errors never ariseinthefirst place. One of
the stepsfor success stories of Genera Electricsof USA wasthe adoption of “six-
sigma’ by Jack Welch, the legendary Chairman of the company, as a strategy for
changing the organization’sfocus. It has been proved to be an invaluable tool for
reducing direct cost and adding to the bottom line of the company. Application of six-
Sgmatechniquehasbeen very advantageoudy used in marny new products development
or improvement. Notable exampleisthe development of Light Speed CT Scanner by
GE Corporationof USA, whichwasdesigned by drawing customer into the process,
usngadl of the CTQ (critical to quality) performancefeaturesthat customers (hospitas
inthis case) wanted in that product, and then subjecting those CTQ featuresto the
rigorsof what GE called “Designed for Six-Sigma”’ (DFSS) process. Thisapproach
enabled GE to develop anew light speed CT Scanner where scanning time came
down from earlier 3 minutesto only 17 seconds for a chest scanning. As aresult,
hospitalsgained much higher utilization of machinetime, could handle more number of
patients, and cost of scanning came downfor the patients.

6. Just-in-TimeM anufacturing (JI T)

Just-in-Time (JIT) isdefined as“ a philosophy of manufacturing based on planned
elimination of all waste and on continuousimprovement of productivity”. ltisasystem
of manufacturing with the objective of producing theright part intheright placeat the
right time, i.e.in other words, “justintime’. Shigeo Shingo —thewell-known industry
philosopher and visionary of ToyotaM otors Japan, isknown for this creative approach
of manufacturing. J T isnot only acog-effective manufacturing process, itsoperationa
philosophy helpsto continualy build quality into the processand products, otherwise
thewholesysemfdlsthrough.

Just-in-Time manufacturing (JI T) isaspecia tool developedin ToyotaMotor
Co., Japan, in1950, in an attempt to improvethe quality and performance of various
workstationsduring the production and ddivery of goods. Theinitial ideaof thissystem
wasto avoid building up queuesof inventory at aworkstationinorder to diminatethe
need for storing work-in-progressinventorieswithout alowing any workstationto run



out of stock of working meterialsat any gage. But, the potentid benefitsof the process
from saving cost by waste reduction and bring an overal excellencein the production
systemwas soonredised by theindustriesin Japan. Thisled to thewidespread adoption
of thistechniquein manufacturing sectorsin Japan and USA. Because of its multi-
faceted benefits, the sysem soon became abuzz inthe manufacturing sectors, and is
considered asthemost powerful tool for managing productivity (atermthat includes
qudity) and cost intoday’s manufacturing business.

JT appliesprimarily to r epetitive manufacturing processesinwhich the same
productsand componentsare produced over and over again. Thegeneral ideaisto
establish the flow of processes (even whenthefacility usesajobbing or batch process
layout) by linking the workstations so that there is an even, balanced flow of
meterialsthroughout the entire production chain. Theaimof thesystemisto accomplish
thegoad of driving dl inventory bufferstoward zero, and cut down any generation of
waste. For thisreason, J T issometimes called lean production or stockless production
sysem.

Philosophically, this system changesthe materia flow from*Push” processto
“Pull” process. “Push” process allows aworkstationto producewhat it can and then
pushit to next station. Next station may then requirestoring the itemsasinventory and
planto produce by matching parts. Thiswill frequently lead to process-yield imbalance,
in additionto holding inventory and the cost of it. J T technique changesthisfrom
“Pudh” to“Pull” system, where partsare pulled or caled up whenrequired for continuing
production by the next-in-line workstation. The station ordersthe parts fromthe
previous operations as per their exact requirement in amanner so asto arrivejust
when the partsare needed. This system compelsthe stationsto work responsibly so
that productionsare as per the cadl, and defectives are not produced to hold back a
line. Therefore, production line hasto be continuoudy fine-tuned to avoid or minimise
defectives, which isamagjor objective of TQM. It would now be obvious that to
support a system like the JT manufacturing, systems like TPM as a part of
manufacturing systemisunavoidable, becausethat type of sysemimplementation can
only guarantee the sustained availability of machinetimefor each workstation.

Itisamazing to know how simplethe concept is, but it requiresameticulous
planning of machine capacity, process capability for quality consistency and precise
dimensions, materiasplanning, input quaity planning, and materidsbalancing for each
station. Hence, networking of JI T-systemswith suppliers and each workstation is
essentia for quality. Such apartnering and networking of syssemsalowsthe vendors
and suppliersto belinked to J T manufacturing of the parent company, and fecilitates
maintaining near-zero inventory. By following the J T manufacturing sysem, Japanese
industries have been ableto virtually eliminate the in-processinventory of materias
and componentsdueto timely manufacturing of exact quaity and quantity.

Thekey factorsfor successful implementation of JI T-manufacturing arethe
planning of productionflow, balancing theload of eachworkstation, ingalling required
level of processcapabiility, and training of the people about the critical measures of the
process. Therefore, the stepsfor J T implementation are:

1. Stabilisedaily production schedule by creating uniformand steady load at
each workstation. Work out model and method of dealing with any
fluctuation of schedule dueto unforeseen reason by considering end-item
inventory rather than by alowing fluctuationintheline.
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2. Eliminate or reduce setup time for a product by redesigning product
featuresand dimensions, process equipment features, and qudity planning.
For example, use of CNC machining may require pre-machining of jobs
(better still close-dimensional jobs) to reduce setup time. This may
necessitate vendor partnering and capability.

3. Reducelot sizeand delivery timeto cope with next-in-lineworkstation
demands. This would require supplier co-operation and information
networking for efficient management of supplies.

4. Take measuresfor reducing wastes, i.e. any action or step that doesnot
add any valueto the processed job. Examples of waste are: unnecessary
movement of materials to and for the line, use of redundant methods,
unnecessary movement of personnel, time delay dueto off-on support
services, need for rework and rectification, etc.

5. Createcontinuousflow of materialsfrom one stationto other by reducing
lead time, applying the concept of cellular manufacturing, reducing queue
length, improving processcapability, and bringing the concept of ‘internal
customer’ for team building and cooperationamongst operators.

6. Install TPM (Total Productive Maintenance) system for improved
availability of machineworking hours.

7. Promote multi-skilling amongst work force (this can be apart of TPM
exercise). In general, JIT requires teams of competent, empowered
employeeswho have more responsibility for their ownwork.

8. Pay attention to “suppliers quality capability” for getting correct jobs at
sourcewith anaimfor “zero-defect” supply.

9. Train peopleinthe process measures and methodsof control, establish
communication network amongst people.

10. Ensuremovement of materialsonly through “ pull” system by adopting
card system of Kanban technique for controlled operations in the
manufacturingline.

Kanban is another Japanese system for JT manufacturing — is a dight
modification of conventional J T practice. In Kanban system, acard or amarker is
used to control the movement of in-process materiasthrough the sequential process
stagesof manufacturing. It reiesonaninformation systemto communicatethe meterial
needs by acustomer unit to itssupplier unit by the card system. Two cardsareused in
thesystem; p card, meant for productionsignal, isused to authoriseaworkstation to
produce one specified lot of apart, and mcard, meant for movement Sgnal, authorises
themovement of thelot from theworkstationto the customer unit. Originaly, Kanban
method of production control system was used by Toyota Motors. Like JI T, this
technique can aso be used for control of movement of materials between customers
and vendors.

Though thesetwo processes are frequently equated together and the purpose
of both JIT and Kanban may appear the same, they are not the sametechnique. J T
manufacturing system can be implemented on its own, but Kanban implementation
requires J T manufacturing for complete successin holding to thegoals of inventory



management. As has been discussed earlier, JI T brings along many other attendant
benefitswithitsimplementation. Implementation of J T manufacturing canlead to many
advantages, and someimportant onesare:

e Lesnmanufacturing system

¢ Virtua elimination of inventory, unlocking the expensive capital for other
productivework

¢ Reduction of waste and non-vaue added process steps
¢ Saving of warehousing cost
¢ |mproved quality and delivery compliance, and

e |mproved process capability/reduced process variability, which leadsto
decreasein cost of poor qudity.

Practicing J T/Kanban systemfor inventory control hasbecomeeasier withthe
scope for computer networking of vendor station to manufacturer’sworkplace or
fromworkstaionto workgation. When thedaily/weekly demand ishigh, many vendors
areaso willingly setting up warehousing fecility near the manufacturer’sunit inorder to
bea"“preferred supplier” and developlong-termbusinessrdationship. Infact, intoday’'s
competitive business environment, more and more supply-chain management and
associated function of inventory control isbeing shifted to the* sellers’, i.e. suppliers.
Organizationsaretying the supplierswith long-term commitment for specific delivery
schedule and exact quality. Suppliers and vendors have become a part of the supply-
chain management inorder to servethe customers by ddivery of value-added products
of right qudity at right time.

7. Poka-Yoke (Mistake-proofing)

Thisisanother brilliant ideaof Shigeo Shingo. Thisisasgmple mistake-proofing process
in manufacturing or in the service. PokaYoke makes use of automatic devicesor
simple methodsthat help to avoid common human errors. Poka-yoke focusseson

two aspects.

(1) Prediction or recognition that a defect isabout to occur, and then providing
sgnalsor warning.

(i) Detectionor recognitionthat adefect hasoccurred and thenstopping the process
so that no further defect can be produced.

Poka-yoke techniques are often very simple, like flashing of light signal when the
autometic or manua sensor detectsthesigna of malfunctioning or generation of defects.
However, successful approachto this mistake-proofing needscreative thinking. At
times, Poka-Yoke comes out with suprisingly smple method of ensuring that mistakes
arenot made or an error getsinto the system. Therefore, Poka-Yoke solutions can
range fromsimple colour coding of cablesto prevent any mistakeduring jointing to
very complex mistake proofing system of passenger aircraft controls. Poka-Yoke
technique can aso be applied inthe designing of products where safety hazard of the
product is very high, e.g. passenger lifts, conveyor belt, certain chemica plant
equipments, etc. Examples of common Poka-Yoke productsare: Car Alarms, Fire
Alarmsintal buildings, automatic overload switch off, limit switches, machinevibration
darmsystens, etc.
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8. Benchmarking

No quality improvement discussion can be complete without discussing
‘Benchmarking’. Robert C. Camp first coined theterm Benchmarkingin 1980, while
engaged in studying the improvement programme at Xerox Corporationin USA.
According to Camp, meaning of benchmarking is finding and implementing best
practicesinthebusiness. Thisdoes not imply that benchmarking iscopying the best
practice of anindustry; it isabout understanding “what, why and how” of asuperior
process or a method, and then adopting it in one's organization for improving
performanceto ahigher level. The essence of benchmarking istheendeavour to andyse
and understand the process, products or services of aworld-classcompany in order
tolearn how they achieved that superior results, and then set up one’sowninternal
measures and steps to meet or surpass them. Juran described this as practice for
manageria breakthrough. The need for benchmarking isto enabletheorganizationto
set-inworld-class practicesin the management, resulting in much improved business
results, customer confidence and competitive advantage.

The process of benchmarking makes an organizationlook outside toidentify a
business|leader inthefield for knowing and understanding theway to their success.
The key to the success of benchmarking processisin understanding of what, why,
how and when of the success story. It isamethod of identifying new ideasand new
ways of looking at things for improvements. For example, “customer complaint
resolutiontime’ of Rank Xerox Corporationwasoncebenchmarked acrosstheindustry
for better servicesto customersby gathering ideasfromtheir approach to customer
problems, data acquisition system, analysis of the problem, and empowerment of
employeesto take decisons.

Good benchmarking exercisesproducetwo typesof information: (1) quantitative
datathat can be used to measure current performance and set futuretargets (thisis
prevaent inmog financia exercises and setting targetsfor returnoninvestments), and
(2) qualitativeinformation on the approachto design of productsand services, and
adoption of ‘ key successfactors' that explainshow the benchmarked company became
theleader inthat function or business(thisis prevalent inmanufacturing and electronic
industriesfor launching new products and servicefeatures).

(i) Plan: What to be benchmarked, identify critical successfactors, form
teams, document processes, set performance measures.

(i) Search: Identify partnersand establish partnership.

(iii) Observe: Understand and document the partner’sprocess, procedures
and practice.

(iv) Analyse: Gapsin performance and find out root causes.
(v) Adopt: Choose“best practice”, adopt to Co.’sown condition.

Thekey factorsfor successful benchmarking are: believing that it isabetter way
of doing things, thereisaneed for change and improvement from the present level,
determining what should be improved and changed to make impact on company’s
performances, acceptance of the fact that another company’s solution can be better,
and developing avision of what it should be after the change. To trandatetheseinto
actionswould broadly involve:



e Gap anaysishetween own and other superior practices.

¢ Understanding theprevaent “best-practices’ inindustriesto identify what
must be changed or improved.

e ldentifying themost appropriate“benchmarking partner” and study their
best practicesmethodology.

¢ |mplementing benchmarked practicesat one’'sown unit to achieve set gods.

¢ Reviewing of resultsand outcomesto determine “whereyou are’ after the
change, and what needsto be donefurther.

0N,

5. Adopt 2. Search

4. Analyze 3. Observe

~_

Fig. 6.24 A Sequential Benchmarking Process Cycle with Tasks for Each Sage

Benchmarking process steps can be grouped under the cycle: Plan— Search
— Observe— Analyze — and Adopt. These stepsareillustrated in Figure 6.24.

In astep-by-step practice, thismeanfollowing a systematic sequence of steps
infollowing order:

1.
. ldentify “best-in-class’ company inthat function.

. |dentify the key performance variablesto measure and collect data.

. Egtablish benchmarking partnership with the chosen company and function
. Ensure that types of data being collected are amenable to accurate

o b~ W DN

| dentify the function to be benchmarked and formteams.

comparison with the benchmark partner’sdata

. Analyse and compare the datafor understanding the measurestaken by

the partner. In addition to the collection of quantitative data, identify the
management approach that differ between the companies, and identify the
critical factor that led to the success of the partner.

. Prepare enablersfromthe study of partner’ stechnique and management

actions.

. Set new godsor levelsof performanceinthe chosen function (benchmerked

level).

. Egtablish functiona goalsfor the benchmarking team, and alow analysis

of how the goas can be accomplished in the Stuations of the company.
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10. Allow teamto make presentation and recommendations about how the
company must act and improve to reach to the new goals. Make
management review interms of resource and facility requirements, and
finalisetarget and actions.

11. Communicate and share the findings and goals with the people of the
organization to build understanding, commitment and motivationto work
for thegoas.

12. Develop action planfor implementation, covering al related aress.

13. Implement actionsand monitor progress, sharetheimprovement outcomes
with the partner and people of the organization.

14. Review and recalibrate the benchmarked goalsand levels.

15. Periodically re-evaluatethe benchmarksto ensurethat they arevalid for
current dataand business situation, and aimed at best targets.

16. Benchmarks should be re-evaluated at periodical intervals to ensure
that they arevalid for current dataset, business situation and aimed at best
targets.

Oneof difficult stepsfor benchmarking isthe choice of benchmarking partner
and getting ther gpprova for sharing dataand information. Thisisparticularly so when
partnering issought with acompany withinthe same businessand in competition with
each other. However, many enlightened organizations have cometo the understanding
that exchange of information and datawith a serious and well-organized company
may beof mutual interest by learning from each other’sexperiences. Therefore, the
success in this regard depends on the approach and attitude of the partnering
companies. Benchmarking partner can aso be sought from outside theindustry having
superior processin somegeneric aress, e.g. cusomer support systems, mearket research
and analysis, supply-chain management, etc. Generally, partners can be chosen from
four common sources of superior practice. They are: (1) Direct Competitors,
(2) Functiona Leaders, (3) Internal Operations, where superior practice of one unit
can srveasguideto theother, and (4) Generic Processes—where similar functions
of one company can be used for benchmarking study of the other, irrespective of the
nature of business, e.g. customer complaint resolution process of aHedth Care Co.,
withthe onein hogpitaity management.

Obvioudy, benchmarking exercises often become somewhat long-drawn due
to difficultiesin getting partner approval and also in exchanging and understanding
dataand information, which may involvevistsand exchanges of communicetions. The
focus of benchmarking study of a partner is mainly on how to adopt actions and
measuresfor improving processesand practicefor superior performanceinthe parent
company.

Benchmarkingisastrategic tool for quantumimprovement in businessresults,
which isthe pressing need of abusinessunder competitiveness. Theimprovement can
only occur if companies understand the need to change, are willing to change, and
have vision about what could be theoutcome after the change. Benchmarking setsa
self-developed target that should be achieved by creative and analytical approachto
thesolutions.



Maor benefitsof benchmarking are:

¢ Adoptionof new practicesthat help overcoming previousperception and barriers
about possibilitiesand improvements; thus, bring about achange of outlook,
work culture, and approach for superior results.

¢ Acquaintancewith diverseand innovative approaches and processdesign to
achieve " breakthrough” improvement of performance.

¢ Accderation of therate of growth and performancein the company.

¢ Creation of awork environment that promotes employee involvement and
credtivity.

o A system of working through factsand figures, and empowered team, and

o Achievement of competitive advantages dueto superior performances.
Significant benefit of benchmarking isin cresting an atitudina changefor managing the
businessthrough diversethinking and crestive gpproach. When benchmarking practice
isused correctly, it can considerably influence the operating practicesof acompany.
Careisnecessary to correctly understand the process and objectives of benchmarking.
Benchmarking isnot aquick fix for performance gap inacompetitive environment.
Benchmarking cannot work unless there is an environment of openness in the
organization, creativity, commitment and involvement of people, and therecognition
that there isaways a scope to learn and improve. Therefore, it isno wonder that
benchmarking requiresapreconditioning of the organization by astrategy like TQM
to makethe organization processfocussed, people driven and committed to continuous
improvement for performance excellence. Benchmarking isnot copying or imitating, it
isabout underganding the‘ best-of-industry’ practices. If theorganizationisnot prepared
with cultural reorientation of tota quality, an attempt at benchmarking may not be
successtul, and may even lead to confusionand disruption intheexisting practices. To
reap the full benefits of benchmarking, organizations have to go through certain
reorientation and cultural changesthat arecharacteristicsof atotal qudity organization.
Else, it may lead to following pitfals:

1. Falureto relatethe benchmarked processimprovement to the company’svison
and gtrategic postioning.

2. Failureto get peopleinvolved and committed to benchmarking asaprocess.

3. Fallureto perceive benchmarking asan ongoing processfor improvement, and
not aonetime effort.

4. Failureto visualise what the company should be after theimplementation of
benchmarking.

5. Likelihood of management resistanceto change, and

6. Failureto garner creativity and innovationin the organization, without which
benchmarking effortsare seldom successful.

For making the benchmarking an effective tool for superior performance,
organizationsmust createawork environment whereteamwork and al out management
support for continuousimprovement drivesthe processes.

Benchmarking exercise should be objective specific with measurable outputs—
like manpower productivity, capital productivity, quality consistency, precisenessof a
process, timeliness of services, cycle time for supply-chain management, returnon
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investment etc. With reference to a manufacturing industry, this would mean
benchmarking inthefollowing aress:

1. Productsand Services—likeproduct features, servicefeatures, cusomer
service system, complaint resolutiontime, etc.

2. Work Processes— like process of design, product development cycle,
supply-chaincycle, etc.
3. Cogt, Quality and Productivity related issues.

4. Planning and Strategy related areas — like planning process,
determination of short-term and long-term strategy, etc., and

5. Support Functions—likefinancial practices, HRM practices.

The list of probable areas for benchmarking would largely depend on an
organization’s specific needs and the demands of competition. Every activity of an
organization that producesaresult or hasameasurable outcome can be benchmarked
for improvement. Benchmarking activitiesinacompany generdly startswith products
and services, and then with time and cultural changes, it graduates to process
benchmarking—including management processes. Perhaps, process benchmarking
withworld-classleadersintheindustry hasthe greatest impact on an organization's
efficiency and performance. As per impact of the benchmarking exercise in an
organization, many tend to hierarchally group benchmarking under thefollowing heeds

e Performance Benchmarking for key output measures, and key
performance measures and indicators. They are irrespective of areas of
operations; sole consideration is how that impacts the organization’s
performance.

e Process Benchmarking for process improvements, cycle time
improvement, efficiency, process quality outcome, inventory level, etc.

e Bed Practice Benchmarking for mestering‘ bet-practice’ fromtheindustry
leaders by understanding, sharing and adoption at on€’'sown company in
order to achieveanew heights of performancein the organization.

¢ ‘Bedt Practice modeling for modeling of best practicesfor organizationa
restructuring in order to improve organizational capability for superior
performance and meeting the challenges of competitioninall spheres of
business.
Figure 6.25 showsthe benchmarking process maturity of acompany interms
of gaining organizationd excellence.

Level 4 ‘Best Practice’ Modeling
Level 37 ‘Best Practice’ Mastery
Level 2 H ) -
Process Benchmarking (Process proficiency)
Level 1 4

Process Benchmarking (Products & Services)

Benchmarking Process Maturity

>
>

Fig. 6.25 The Sepsin Benchmarking Process for Gaining
Organizational Excellence in Performance



Majority of companiesinitially starts benchmarking exercise by focussing on
product and services, then goes on to focus on process benchmarking either through
anexternd or interna processpartner, but potentia reward of benchmarking process
liesingraduating to adopt higher-level benchmarking process, such as mastering and
modeling of “best practices’ by partnering withaworld-classindustry.

Partnering with the world-class “best-practice” companiesiscritical for the
successof higher-level benchmarking practicein order to have organizationwide effect.
Itinvolves not only theadoption of best practices, but aso modeling the organizational
cultureand processesinlinewiththe best in class. Thischangein culture, thinking and
orientation of work planning intermsof achieving the best possbleleve of performance
indl aspectsof the businessisthe ultimate goa of benchmarking process. It helpsto
reachanew height of performancelevel leading to organizational excellence. However,
benchmarking should not be confused with* competition analyss’—atechnique often
used inindustriesto know the strength and weakness of competing companies. The
purpose of competition analysisisto take pre-emptive stepsfor safeguarding the
businessor work out astrategy of doing better in acompetitive business. The purpose
and methods of benchmarking are different; benchmarking study isfocussed to an
identified areaof operationwith an aimto improving the processand its management
toworld-classlevel, and very often by partnering the processwith aleader inthefiled
(i.e. acompetitor). Benchmarking isafocussed study in strategic areas for radical
changeinthe way acompany should work to become globally competitive.

6.6 SUMMARY

e The demands of customers and competitive business environment make it
necessary for modern quaity management systemsto address not only the quality
characteritics, but aso the cost, delivery, maintainability, reliability and
attractiveness of featuresof productsand services.

¢ Asaconseguenceof thischangeinthe marketplace, modern quality management
concept had to undergo consderable changesfrom the era of inspection and
quality control and embrace the concept of total quality.

¢ The Japanesefirst showed the power of quality asthe businessdriver inthe
midst of global competition by adopting atota quality culturein manufacturing
and services.

o Inputslikeastatistical approach, processcontrol, focuson quality rather than
quartity, training and skill improvement of people, commitment of management,
efc., becametheguiding vison of thisnew quality system.

¢ Quality godsshould meet the needsof customersat aminimum combined cost.
The product should bedesigned by capturing thevoice of cusomersby employing
techniqueslike QFD and FEMA asdiscussed in thetext and these qudity goals
should be achieved by maximizing the uses of existing operating conditions.

o Thiscdlsfor strategic planning for quality designing, production and conformance
intheorganization, involving quality inall related activitiesand processesinthe
organization.
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6. Fill in the blanks with

appropriate words.

(€) variables are
the ones we have control
over.

(b) The technique called
Quadity Loss Function
analysis was developed
by

(c) Vaueengineeringisa

centric
process.

(d) is known
as the father of Kaizen.

. State whether the following

statements are true or false.

(a) Six-Sigmais aquality
metric that counts the
number of defects per
million opportunities
(DPMO) at six levels.

(b) Kaizen is a method by
itself.

(c) Good benchmarking
exercises produce two
types of information:
quantitative and
qualitative.

(d) A pie diagram shows the
frequency or number of
observations of a
particular value and in
effect, shows the
frequency distribution
of a specific data set.

Self-Instructional Material 207




Quality Management

NOTES

208 Self-Instructional Material

¢ Qudity cannot beastand-alone systeminan organization; it must be anintegral

part of thetotal business operationsinvolving quality inall business processes
and activities, whichisthetenet of total quality management. Addressing these
qudlity related dimensions of abusinessthrough atotal quality programme has
changed the way of doing business.

Thetraditiona method of managing business processesby functional structuring
has changed to cross-functional processesthat run horizontdly acrossal rdlated
functions

The purpose of such quality orientated process structuring is to serve the
customers better and build efficiency for faster response and flexibility in the
organizetion.

The concept of total quality control wasfirg developed by Feigenbaumin 1961,
based on various recommendations of Quality Masters—like Deming, Juran
and Crosby.

Keeping inview the new dimension of quality prescribed by the Qudity Magters,
Feigenbaum emphasized the need for a holistic view of quality management
systeminvolving al functions and functionaries of the organization. Thisnew
and more comprehensive approach of quality management cameto beknown
asTota Quality Control (TQC) and thisacted asthe pioneer of the present-
day Total Quality Management (TQM) system.

Thetoolsand techniques used in quality management have been grouped into
two categories, which are dso known as management tools:

0 Statigtical tools
0 Qudlity planning and improvement tools

Inthisunit, theimportant toolsinthese categories have been discussed and their
importancein quality management has been highlighted.

Central to all information isdata. So, datamust be presented inthe formin
whichit iscapable of giving appropriateinformationand create knowledge.

Datashould bereliable, representative and should be presented in the right
form. Thisreguiresgtatigtica thinking and approachto the collection, compilation,
presentation and anadysisof datafor processand quality management.

The central task of quality management isto identify the causes of variahility
fromthetarget quality and controlling the same by correctiveand preventive
actions. Thisinvolvesusing statistical toolsthat permit root cause analysis,
establishing corrdation between controlling factors and systematically applying
the knowledge and information for control, correction or prevention. For
improvement, on the other hand, one should know whereto act and how to act.

There are statistical tools— like the histogram, Pareto diagram, Cause-and-
effect diagram, etc. These permit analysisof satistical data(i.e., datacollected
and compiled by following the statistical rules of sampling, grouping, and
validation) to arrive at the pointsof action, i.e., whereto act.

Determining how to act requiresknowledge of the processand peoplewho are
running the process and specialized tools and techniquesfor quality planning
and continuousimprovementsthat include statigticd toolslike Satistical Process



Control (SPC) and improvement toolslike P-D-C-A, Kaizen, Taguchi’sQudlity
LossFunctions, Six-Sigma practice, Benchmarking, etc. Keeping these aspects
of qudity management inview, varioustoolsand techniquesinquaity management
have been described.

6.7 ANSWERS TO CHECK YOUR PROGRESS

1

Quality of aproduct or service meansthefeatures or characteristics, or some
attributesof aproduct or serviceor smilar offerings.

. The mission statement definesthe purpose of the company and therole it wants

to play in broader socid, economical, national or environmental perspectives.

. AQL isapercent defectivethat isthe base line (minimum) requirement for the

quality of the producer’s product. The producer may accordingly design a
sampling plan suchthat there isahigh probability of acceptance of alot, but
with defect level lessthan or equal to the AQL fixed by the purchaser.

. Check sheet isbasically adatacollectiontool, so issampling and survey-the

other twotoolsthat are used for datacollection.

. A Pareto diagramis a special type of vertical bar diagram that displays the

relative frequency of various categories of problemsor events.

. (a) Desgn

(b) Taguchi
(c) centric
(d) Masaaki Imai

. (@ True

(b) False
(©) True
(d) Fase

6.8 QUESTIONS AND EXERCISES

Short-Answer Questions

1.
. Which aretheimportant areas of gpplication of continuousimprovement?

. What arethefunctionsof check sheets?

. What aresome mgjor areas of application of quality planning and improvement

A WDN
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What isthe difference between vison and misson of an organization?

tools?

. What do you understand by brainstorming?

. List thefiveprimary elementsof Kaizen.

. What arethe six stepsto six-sigmapractice?

. Which arethe two aspectswhich Poka-yoke focuses on?
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9. What arethe mgor benefits of benchmarking?

10. Withreferenceto the manufacturing industry, which areasare focused upon by
benchmarking?

L ong-Answer Questions

[

. Writeadetailed note on quality concepts held significant by organizations.
. Explainthesignificanceof quality in business.

. Discussthe process of implementation of total quality control.

. Giveadetailed account of the seventools of satistics.

. Evauate Taguchi’sQudity Loss Function and explainitsimplications.

. Writeanoteexplaining vaue engineering.

List and discussthe seven toolsof management.

. Explainthe salient features of continuousimprovement tools.

. Paraphrasethe systematic sequence of steps of benchmarking.
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MODEL QUESTION PAPER
M BA Degree Examination
Third Semester

Time 3Hours M aximum: 100 M arks

PART A (5 x 8 = 40 marks)

Answer any FIVE of the following:

. Definethefunctionsof production management

. Explaintheimportance of capacity planning

. DefineWork measurement.

. Explainthe concept of materials requirement planning.

. List theadvantagesif 'Just in Time'.

. List thefiveprimary elementsof Kaizen.

. Explain how value - addition can be donein atransformation process.

. Write ashort note on theimportance of selecting appropriate production process.
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PART B (4 x 15 = 60 marks)

Answer any FOUR of the following:
9. Planning for manufacturing proceeds through product development. Inthis context explain processdesign and
sdection.
10. Discussthevarioustypesof production systems.
11. Explaintherdevanceof flexibility in process selection' in detalils.
12. Describethelong and short term methods of capacity planning.
13. Discussthe different types of forecasting methodsused in business.
14. Describe the modulesof MRPII process.
15. Explainthe concept of Six Sigmaand discussitsrelevanceto busnesses,
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