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Design of Production SYstems

Learnlng Ob-lectlves

After reading this chapter, you should be able to:

. Define the terms "product design", "process design" and "production design"'

. Know the objectives of production design.

. Discuss the factors influencing Product design

. Describe the characteristics of product design.

. Discuss the various approaches to product design.

. understand the meaning of the terms "process", "process planning", "process

design" and "process selection".

. Discuss the toPics of "process strategy" and "process management"'

. Discuss the major process decisions.

. Discuss what is meant by "make or buy decisions" and"make or buy analysis"'
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Designing new products and getting them to market is the cha enge facing manufacturers rn
industries as diverse as computer chips and potato chips. Whereas computer chip manufacturers
need to offer more powerful lC chips for their customers (such as computer manufacturers;,
food. producers need to provide their customers new taste renration to sustain or enlarge their
retail market share.

The competitiveness and profitability of a firm depend partly on the desrgn and quality ol
the products and services offered by the firm and also on the cost of production. Hence the
relationship between product design to process technology and process design is of
considerable interest to prodqaion managers. The designing and developing prodJcts ano
production processes are key elements in successfur production and operationi strategies in
today's globaf economy. Also, design of the productive systern depends largely on the deiign of
the product and services to be produced as well as the design and selection of produlion
processes.

For all companies, whether high tech, row tech or no tech (r.e., degree of technorogy
used) product design plays an important role in the profitability and their-very survival. "

_ The essence of any organisation is the product or services it offers. There is an obvious
link between product design and the success of the organisation. Those organisations which
have welldesigned products are more likely to realise their goals than t-hose with poorly
designed products. Hence organisations have a vital stake in achieving good product design.

I PRODUCT DESIGN, PROCESS DESIGN AND PRODUCTION OESIGN
Product Design: one way for manufacturers to satisfy customers and gain a differential

advantage is through product design which refers to the arrangement of erements that
collectively form a good or service.

Product Design is concerned with the form and function of a product. Form design
involves the determination of what a product would look like, i.e., the ihape and appearan"ce
of the product, what it will be made of (product structure) and how it wili be made'{process
design). Function al design deals with what function the product will perform and how it
oerforms.

Functional Design is concerned with the first and foremost requirement of a good producr
i.e., the product should effectivery perform the function for which ii is deveroped.To, 

"r"ipr",for a television set, the picture quality (video) and the sound quality (audio) is more importani
than the appearance of the cabinet in which the picture tube is fixed.

Form Design is concerned with the appearance, and aesthetic considerations and arso
the size, volume and weight of the product which aie secondary to the performan." .r lr,"product.

Process Design : Process design is concerned with the overal sequences of operations
required.to achieve the design specifications of the product. rt speciiies the type of work
stations that are to be used, the machines and equipments necessary ro carry out the processes
to produce the product. The choice of process technology (,.e., manual, mechinised or
automated technology) and the process design is rerated to product deiign because the
manufacturing processes must be capabre ofachieving the produciquarity {accu-racy, tor"ranc"s
etc.) specified in the product design and also the product must be designed tor p'ioducibititi.

. 
Production Design : The design of products and services is partia|y dependent on theprodudion system design and vice versa. A product or service deiigned in on" *"y,"y u"

costlyto produce, but it may be somewhat ress costry when designed inother way. The concept
of designing products from rhe point of view of producibitity is-known 

^, 
proilrrioii"rigl.'
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The producibility and minimum possible production cost of a product are established

nally by the product designer and the process technology, process design and selection

the productive system are governed by the limitations of the product design. Hence the

lic modes of production for products are thought of in the product design stage itself. This

effon to design for. producibility and low manufacturing costs is referted to as

design.

of Product Design

Production or operations strategy is directly influenced by product design for the following

As products are designed, all the detailed characteristics of each product are established.

Each product characteristic directly affects how the product can be made or produced

(i.e., process technology and process design) and

How the product is made determines the design of the production system (production

design) which is the heart of production and operations strategy'

Further, product design directly affects product quality, production costs and customer

action. Hence, the design of product is crucial to success in today's global competition'

A good product design can improve the marketability of a product by making it easier to

rt"-or rr", upgrading its quality, improving its appearance, and/or reducing manufacturing

A distinctive design may be the only feature that significantly differentiates a product. An

design incf udes usabil ity, aesthetics, reliabit ity, functional ity, innovation and

. An excellent design provides competitive advantage to the manufacturer, by

appropriate quality, reasonable cost and the expected product features' Firms of

will definitely compete not on price and quality, but on product design'

Does Product Design Do?

The activities and responsibilities of product design include the following:

Translating customer needs and wants into product and service requirements (marketing)'

Refining existing products (marketing).

Developing new products (marketing, product design and production)'

Formulating quality goals (quality assurance, production).

Formulating cost targets (accountind.

Constructing and testing prototype (marketing, production).

Documenting specifications (product design)'

lor Product Design or Bedesign

ment.

The most obvious reason for product design is to offer new products to remain competitive

the market, The second most important reason is to make the business grow and increase

ts. Also, when productivity gains result in reduction of workforce, developing new products

mean adding lobs and retaining surplus workforce instead of downsizing by layoffs/

Sometimes product design is actually redesign or modification of existing design instead

.an entirely new design. The reasons for this include customer complaints, accidents or

during product use, excessive warranty claims or low demand' Sometimes product

is initiated to achieve cost reductions in labour and material costs'
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0biectives of Product Dosign
(r) The overall objective is profit generation in the long run.

(ir) To achieve the desired producr quality.
(iii) To reduce the development time and cost to the minimum.
(iv) To reduce the cost of the proouct.
(v) To ensure producibirity or manufacturabirity (design for manutacturing and assembry),

I TACTORS INFTUENCING PRODUCT DESTGN
(i) customer requirements : The designers must find out the exact requirements of thecustomers to ensure that the products suit the convenience of customers for use. Th"products must be designed to be used in all kinds of conditions.

(ii) convenience of the operator or user : The industriar products such as machines andtools should be so designed that they are convenient and comfortabre a 
"p".,",,' "i".(iii) Ttade off between functiort and.form : The design shourd combine both performance

and aesthetics or appearance with a proper balanle between rne two.
(iv) Types of materials used : Discovery of new and better materiars can improve the productdesign 

.Designers keep in touch with the latest developments taking place in the field ofmaterials and components and make use of improved materiars 
"niao.pon"n,i in ,r,"i,product designs.

(v) Work methods and equipments: Designers must keep abreast ot improvements in workmethods, processes and equipments and design the products to r"k" ,s" 
"i 

iL" r"*itechnology and manufacturing processes to achieve reductron in costs.
(vi) costlPrice ratio: rn a competitive market, there is rot of pressure on desagners to designproducts which are cost effective because cost.and quarity are inbuirt in the design. witha constraint on the upper limit on cost of producing prodr.tr, th" d"rig;"r;;;i;";;;;

cost effective designs.
(vii) Prod.uct quality : The product quality partly depends on quality of design and partly onquality of conformance. The quarity poricy of the firm provides the nece"ssary gira"ri*,for the designers regarding rhe extent to which qualiiy should be builr in,fi;;;;;8;

stage itself by deciding the appropriate design specificaiions and torerances.
(viii) pl'ggst capabirity : The product design shourd take into consideration the quarity ofconformance, i.e.,. the degree to whictrqualiry of design is achieved i" ,nunri*urini.This depends on the process capabirity of the'machine! and equipments. However, thedesigner should have the knowredge of the capabirity of the manufacturing faciriries andspecify tolerances which can be achieved by ihe avairabre machines 

"na"uq 
u ipruntr.-(ix) Eftect on existing products : New product designs whire repracing existing productdesigns, must take into consideration the use of stindard parts and.oilpon"n,i !"iuingmanufacturing and distribution strategies and brending of new manufacturin; t".hi"r.giwith the existing one so that the costs of impremeiting rhe changes are kept to them in im um.

(x) Packaging : Packaging is an. essentiar part of a product and packaging design and productdesign go hand in hand with equar importance. eactaging oesign must take into accountthe objectives of packaging.such as protection and prom-otion of the product. n,rr..ri""packaging enhances the sares appear of products in case of consumer proJ".iil"o"-
durable).
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ol Good Product Oesign

A good product design must ensure the following:

Function or performance : The function or performance. is what.the.custot:: :tq:ttt
I it u pioau.t to ao to solve his/her problem or offer certain benefits leading to satisfaction'

i ,Foiexample, a customer for a motor bike expects the bike to start with a few kicks on the

kick peddle and also expects some other functional aspects such as pick-up' maximum

speed, engine power and fuel consumption etc'

Appearance or aesthetics: This includes the style, colour, look, feel, etc' which appeals

to the human sense and adds value to the product'

Reliability : This refers to the length of time a product can be used before it fails' In other

*orJr, ,"ii"fititv is the probabiliiy that a product will function for a specific time period

without failure.

Maintainability : Refers to the restoration of a product once it has failed' High degree of

maintainabiliti is desired so that the product can be restored (repaired) to be used within

a short time ailer it breaks down. This is also known as serviceability'

Availability: This refers to the continuity of service to the customer. A product is available

for use when it is in an operational staie. Availability is a combination of reliability and

maintainability. High reliability and maintainability ensures high availability'

producibility : This refers to the ease of manufacture with minimum cost (economic

production). This is ensured in product design by proper specification of tolerances' use

if rateri"is that can be easily processed and also use of economical processes and

equipments to produce the product quickly and at a cheaper cost'

simplification : This refers to the elimination ofthe complex features so that the intended

iunition it performed with reduced costs, higher quality or more customer satisfaction'

A simplified design has fewer parts which can be manufactured and assembled with less

time and cost.

Standardisation : Refers to the design activity that reduces variety amonS a group of

;;;;t ;dt. For example, grouf technology items. have. standardised design which

ca||sforsimi|armanufacturingp,'o."'''t"p'tobefol|owed.Standarddesigns|eadto
vari!ry reduction and results in economies of scale due to high. volume d ?ro9":li:".:l
standard products. However, standardised designs

customers.

lead to reduced choices for

Specification : A specification is a detailed description of a material, part or product'

includingphysicalmeasuressuchasdimensions,volume,weight'surfacefinishetc'
i6ur" ,p"".ifi."tlons indicate tolerances on physical measures which provide production

o.p"rtr"nt ,ritt precise information about the characteristics of products to be produced

and the processes and production equipments to be used to achieve the specified

tolerances (acceptable variations)'

|nterchangeabiIityofpartsinproductsproducedin|argevo|umes(massproductionand
flow-line produaion) is provided by appropriate specification of tolerances to facilitate

the desired fit between parts which are assembled togethel '

(x) Safety: The product must be safe to the user and should not cause any accident while
' ' 

usingor should not cause any health hazard to the user. safety in storage, handlinS and

usag"e must be ensured by tire designer and a proper- package has to be provided to

.uoid d"-.g" during transportation and storage of the product' For example' .a

phrri"*",flf produ-ct while used by the patient, should not cause some other side

effect threatening the user.
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I APPROACHES TO PBODUCT DESIGN

(i) Designing for the customer
Designing for aesthetics and for the user is generaly termed industrial design which rs

probably. the most neglected area by manufacturers. In many prooucts we use. parts are
inaccessible, operation is too.complicated or there is no logic to setting and controling the
function of the product. sometimes worst conditions exist, meLl edges arelharp and consJmers
cut their hands trying to reach for adjustment or repairs. Many products have too many features-
far more than necessary and for instance many electronic products have too rany ru"trr",
which the customers cannot fully make use of (operate). One approach to gefting the voice of
the customer into rhe design specification of a product is quariiy functior l"pui-int t[i6.
This approach uses interfunctional teamsfrom marketing, design engineeringind manufactirring
to incorporate the features sought by the customers in the product at the stage of producr
design. The customer's requirements (with its importance weightage) and ihe technica,
characteristics of the product are related to each other in a matrii ."iled hour" of quality.
The customers are asked to compare the company's products to the competitors products.
The technical characteristics are then evaluated to support or refute the customer perception
of the product. This data is then used to evaluate the strengths and weaknesses of tire product
in terms of technical characteristics.

(ri) Designing for Manufacture and Assembly (DFMA)

Traditionally the aftitude of designers has been "we design it, you buitd it" which is
termed as.oover-the-wall approacho, where the designer is sifting on one side of the wal and
throwing the design over the warr to the manufacturing engineers. The manufacturing engineers
have to deal with the problems that arise because they wire not involved in the deiign effort.
This problem can be overcome by an approach known as concu ent engineering (or
simultaneous engineering). concurrent engineering means bringing design and ,ianufactirrng
people together early in the design phase to simultaneously develop the product and pro."rr"!
for manufacturing the product. Recently this concept has been enlarged to inciude
manufacturing personnel, design personner, marketing and purchasing personner in roosery
integrated cross-functional teams. In addition, the views of iuppliers and customers are also
sought frequently. This will result in product designs that will reflect customer wants as well
as manufacturing capabilities in the design stage itself. Design for Manufacturing (DFM) and
Design for Assembly (DFA) are rerated concepts in manufacturing. The term design for
manufacturing is used to indicate the designing of products that are compatible with an
organisation's capability. Design for assembly focuses on reducing the number of parts in aproduct or on assembly methods and sequence that wiI be lmproyed. oesigning ioi
manufacture includes the following guidelines:

(a) Designing for minimum number of parts.
(b) Developing modular design.
(c) Designing for minimum part variations (i.e., communisation or using standardised

parts) and
(d) Designing parts for ease of fabrication,

(iii) Designing for ease of production (or for producibility or manufacturability)

_ . Manufacturability or producibirity is a key concern for manufacturing products. Ease of
fabrication and/or assembry is important for cost, productivity and quarity. Designing
products for ease of production is a key way for manufacturers to be competitive in ttre iorli
market.
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Three concepts which are closely associated to designing for ease of production are: (a)

(b) standardisation and (c) simplification. These concepts are discussed in the
paraSrapns:

A specification is a detailed description of a material, part or product, including physical

such as dimensions, volume, weight etc. These physical measure are given tolerances

variations). Tolerances are stated minimum and maximum for each dimension of
Tight tolerances facilitate interchangeability of parts and allows ease of assembly

effective functioning of the finished products.

Standardisation refers to design activity that reduces variety among a group of products

This will result in higher volume for each product or part model which can lead to

production costs, higher product quality and lower inventory and higher ease of

Simplification of product design is the elimination of complex features so that the intended

on is performed with reduced costs, higher quality and better customer satisfaction.

ified design provides products to customers which can be easily installed, maintained

used by them. Also production costs can be reduced through easier assembly, less

substitute materials and less waste or scrap during production.

Designing for Quality
Building product quality into the product design is the first step in producing products of

quality. This is known as "quality of design" which is followed by "quality of
" Quality of design refers to the quality specifications incorporated in the design.

consists of quality characteristics such as appearance, life, safety, maintenance and other
of the product. Quality of conformance is the degree to which the product actually

to the design specification. Designing products for quality consists of three aspects

design- (a) robust design, (b) design for production and (c) design for reliability which are

in the following paragraphs:

Designing for robustness (or robust design) : Customers expect products to perform

satisfactorily when used in all kinds of field conditions. Hence it is not enough if the
products perform as intended when they are produced and used under ideal conditions.
A robust design is one that will perform as intended even if undesirable conditions occur

either in production or in the field. Robustness can be designed into products by assuming

less than desirable field conditions in terms of heat, cold, humidity, nature of use, vibration

and other conditions.

Designing for production (i.e., for ease of manufacturer and assembly) was discussed in

the Drevious section. This can reduce the sources of error and improve overall product
quality. Modular design and designing for automation are two aspects of designing for

eare of production.

(i) l,lodular desitn is the creation of products from some combination of basic. prexisting

subsystems known as modules. In this approach, products are designed in easily

segmented components or modules. This design offers flexibility to both production
(manufacture and assembly) and marketing. The modular design concept gives

consumers a range of product options and offers considerable advantages in

manufacturing and product design. Stabilising the desiSns of the modules makes

them easier to build. Even the maintenance or repair of products in case of break

down becomes easier because the faulty module can be easily removed and replaced

by a spare module.

(ii) Designing for automation : In designing for automation, three broad issues affecting
product design efforts come into play. They are: (r) wasteful or unnecessary processes
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should not be automated, (ii) simplify the design before automation, (ii, the process
may be simprified to such an extent that automation may not be needed.

(c) Designing for reliabirity : Reriabirity is a measure of the abirity of a product, part orsystem to perform its intended function under a prescribed set of conditions. 
'ri 

i, ir,"probability that an item wiI function as pranned over a given time period. Reriabirity isalways specified with respect to normal operating .onditions *hi.h ur" tat"" i"ru
consideration whire designing the product for reriabirity. Reriabirity of a product can beimproved by improving the reriabirityof the corpon"nt, used in the product, by reducing
the number of components used and using backups in case certain components fair inoperation. These steps will.im_prove the product design (or system design) and improve
the product or system reriabirity. othe.r methods of iirproving reriabirity are improvingproduction, and/or assembly techniques, improving testing methods, improving preventive
matntenance procedures, improving user education etc.

(v) Designing for Ergonomics

. . Poorly designed products may cause work-related accidents resulting in injuries to users.Hence, comfort, safety and ease of use for the users are becomrng more important quarity
dimensions that have to be considered in product design. Humin fu.to, 

"ngin"".ing 
o',Ergonomics applies knowredge of human capabirities and Iimitations to the design of products

and processes.

(yr) Designing for environmental protection
This includes designing products which are environmental friendly (e.g., Euro llautomobile) known as green designs. sometimes reaction to a social or- 

"nuironrn"ni"i 
.on.ern

opens up a set of promising new design options.
A new approach carred "universar design" is an exampre of product design in which anattempt is made to design products that are easily operable by disabled perso.-ns.

(vir) Designing for recycling

. This approach to product design focuses on designing products so that raw materialssuch as plastics can be retrieved once the product has"finisired its usefur rife and scrapped.
Recycling means recovering materiars forfurther use. Recycring is done to achieve.;;J;;;;
and also to meet environmentar concerns and regurations. Designing for recycring faciritaies
the recovery of materials and components in used products for reuse.

(r,iz) Designing of disassembly (DFD)

. . Jhf involves designing products which can be more easiry taken apart or disassembred.It includes fewer parts and ress materiar and using snap-fits where possibre instead of screws,bolts and nuts.

(ix) Designing for mass customisation
It is a strategy of designing standardised products but Incorporating some degree ofcustomisation in the finar product. Derayed differentiation and modurai a"rign, ,?" i*;tactics used to make mass customisation possible.

Delayed differentiation is the process of producing but not qurte compreting, a product,postponing completion until customer preferences or specificaiions 
"r"'tno*n. ;;J;;;

design is a form of standardisation in which component parts are grouped into modures thatare easily replaced or interchanged to produce varieties of the same basic product. oneexample is a computer system in which a customer can choose a particurar configuration
depending on the computing, capability desired by the customer. Modular design i,eip ;a;scustomisation.
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other issues in product design are (a) computer aided design (CAD), (b) Value engineering

or value analvsis which are discussed below:

Computer aided design : Computers are increasingly used for product design. CAD uses

computer graphics for product design. The designers can modify an existing design or

create a new design on a computer monitor screen by means of a keyboard or a joy

stick. The design can be manoeuvred on the screen, it can be rotated to provide the

designer different views of the product, it can be split apart to have a view of the inside

and; position of the product can be enlarged for closer view. The printed version of the

completed design can be taken and also the design can be stored electronically. A number
I 

of pioducts such as printed circuit boards, transformers, automobile parts, aircraft parts

etc. can be designed using CAD.

cAD increases the productivity of designers from 3 to 10 times and preparing mechanical

drawings of product or parts and modifying them frequently becomes easier. Also a data

base can be created for manufacturing which can supply required information on product

geometry and dimensions, tolerances, material specifications etc. Also, some CAD systems

iacilitate engineering and cost analyses on proposed designs, for example, calculation of

volume and weight and also stress analysis can be done using cAD systems. lt is possible

to generate a number of alternative designs using computer aided design systems and

identify the best alternative which meets the designer's criteria.

Value engineering/Value analysis in product design : Value engineering or value analysis

is concerned with the improvement of design and specifications at various stages such as

research, development, design and product development. Benefits of value engineering

Computor aidod
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are:

(i) Cost reduction.

(ii) Less complex products.

(iii) Use of standard parts/components'

(iv) lmprovement in functions of the product.

(v) Better job design and job safety.

(vt Better maintainability and serviceability.

(vt) Robust design.

Value engineering aims at cost reduction at equivalent performance. lt can reduce costs

the extent of 15% to 70ol" without reducing quality. While value engineering focuses on

design improvement, value analysis, a related technique seeks improvements

the production process.

tEGAt, ETHICAT AND ENVIRONMENTAT ISSUES IN PRODUCT DESIGN

Designers must consider a wide array of legal and ethical considerations. Any aspect of
product which may cause potential harm to the environment mustbe considered seriously

avoid such issues. The government regulations regarding pollution control, environment

ection, consumer safety etc. must be considered by product designers while designing

products. For example, automobile design should take into account emission levels and

safety features such as seat belts etc'

Another reason for design improvement is product liability which means a manufacturer

liable for any injuries ol- damag", caused by a faulty product because of poor design and

hazards.

. ifence, it is very important that products are designed to be reasonably free of
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Ethical issues often rise in the design of products and services. Managers must be awar
of these issues and designers must adhere to ethical standards. Ethical considerations whil
designing the products may result in trade-off decisions. For example, it is unethical to releas
a software to the market without removing most of the bugs involved in it.

I PROCESS PTANNING AND PROCESS DESIGN

At the time of designing and developing a product, due consideration is given for thr
manufacturability or producibilitv of the product using the current process technology an<
the capability of the firm to manufacture the product. lf the firm already has the reluirer
technology, the facilities (machines and equipments) and the manufacturing processei, an<
the firm has sufficient capacity or can acquire the needed capacity to manufacture the producr
then decision is taken to go ahead with the product design. otherwise, the desiSn 

"*ort 
rn.,

be terminated.

After the final design of the product has been approved and released for production, thr
production planning and control department takes the responsibility of proceis planning anc
proc,ess design for converting the product design into a tangible product. As the process plan:
are firmly established, the processing time required to carry out the production operations or
the equipments and machines selected are estimated. These processing times are compared
with the available machine and labour capacities and also against the cost of acquiring nelr
machines and equipments required before a final decision is made to manufacture the Droducl
completely inhouse or any parts or sub-assemblies must be outsourced.

I WHAT IS A PROCESS?

A process is a sequence of activities that is intended to achieve some result, typically to
create added value lor the customers.

A process converts inputs into outputs in a production system. lt involves the use ot
organfsation's resources to provide something of value. No product can be made and no
service can be provided without a process and no process can exist without a oroduct or
servrce.

Processes undedie all work activities and are found in all organisations and in all functions
of an organisation. Deciding what processes to use is an essential issue in the design of a
production systern. Process decisions involve many different choices in sdlecting human
resources/ equipment and machinery, and materials. process decisions are strateqic and can
affect an organisation's ability to compete in the long run.

Types of processes : Basically, processes can be categorised as:
(i) Conversion processes, i.e., converting the raw materials into finished products (for

example, converting iron ore into iron and then to steel). The conversion Drocesses
could be metallurgical or chemical or manufacturing or construction processes.

(ii) Manufacturing processes can be categorised into (a) Forming processes, (b) Machining
processes and (c) Assembly processes.

(iii) Testing processes which involve inspection and testing of products (sometimes considered
as part of the manufacturing processes).

Forming processes include foundry processes (to produce castings) and other
processes such as forging, stamping, embossing and spinning. These processes change the
shape of the raw material (a metal) into the shape of the workpiece without removing or
adding material.



lbsembly processes involve ioining of parts or components to produce assemblies having

ific frn.tionr. Examples of assembly processes are welding, brazing' soldering' rivetinS'
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processes comprise metal removal operations such as turning' milling' drilling'

shaping, planing, boring etc.

with bolts and nuts and joining using adhesives'

CESS PLANNING

for Process Design

The process design is concerned with the following:

Characteristics of the product or service offered to the customers'

Exoected volume of output'

Kinds of equipments and machines available in the firm'

Whether equipments and machines should be of special purpose or Seneral purpose'

Cost of equipments and machines needed'

Kind of labour skills available, amount of labour available and their wage rates'

Exoenditure to be incurred for manufacturing processes'

Whether the process should be capital-intensive or labour-intensive'

Make or buy decision'

Method of handling materials economically'

PROCESS SELECTION

What is process planning? Process planning is-concerned with planning the conversion

esses needed to convert the raw material into finished products' lt consists of two parts:

ooess design and (ii) Operations design'

Proces design is concerned with the overall sequences of ope.rations,re-quired t:,qi:l:
oroduct soecifications. lt specifies the type of work stations to be used' the machines and

ffi;; ;'";;;;io .".rv'or, ttl" op"'"iiont' The sequence of operations are 9:t:'l':1',ii'^"i"r" it ,h" product, (b) the materials used, (c) the quantities to be produced and

Ithe existing physical layout of the plant'

i Operations design is concerned with the design of the individualmil"*:1T.?^"f:"^t:::
ffi;,"t* ;;;:; iri-ini-r"trtio*nip in thJ manufacturins process. operations design

;;".1t;;;;";h l"bour 
"nd 

m".hin" time is required to produce each unit of the

Procss$ planning:

Concerned witft
planring tio

convorsion procossss

noodsd to convBrt tho

raw tnatErial into

firishad Plod||cts'

ftoco$s dssign:

Concornod rvith tho

overall soquances of
opsrations rsquirsd to
achbvo ths ptodoct

spocifications

0pontiom dsign:
Concotnod witi tio

dosigr ot ths
individual

maIulastttring
opalation.

Process selection refers to the way production of goods or services is organised' lt is the

for decisions regarding capacity planning, facilities.(or pla.nt) layout' 
"q1!T:1lt^:11

of work systeris. Proless selectlon is n-ecessary when a firm takes up production of

products or services to be offered to the customers'

Three primary questions to be addressed before deciding on process selection are:

(i) How much variety of products or services will the system need to handle?

What degree of equipment flexibility will be needed?

What is the expected volume of output?
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I PROCESS STRATEGY

A process strategy is an organisation,s approach to process se/ection for the purpose of
transforming resource inputs into goods and services (outputs). The objective of a process
strategy is to find a way to produce goods and services that meet customer requirement and
product specification (i.e., design specifications) within the constraints of cost and other
managerial limitations. The process selected will have a long-term effect on efficiency ano
production as well as flexibility, cost, and quality ofthe goods produced. Hence it is necessary
that a firm has a sound process strategy at the time of select,ng rne process.

Key aspects in process strategy include:
(i) Make or buy decisions

(it) Capital intensity and
(ii, Process flexibility

Make or buy decisions refer to the extent to which a firm will produce goods or provide
services in-house or go for outsourcing (buying or subcontractind. lt will be discussed in
detail later in this chapter.

Capital intensity refers to the mix of equipment and labour which will be used by the firm.
Process flexibility refers to the_degree to which the system can be adjusted to changes in

processing requirements due to such.factors as changes in product or service design, chlnges
in volume of products produced and changes in technology.
' . Three process strategies: Virtuarry every good or service is made by using some variation
of-one of three process strategies. They ari: (i) process focus (il) repetitive focus and(ilr) product focus.

Exhibit 5.1 illustrates the relationship between the three process strategies and volume
and variety of products produceo.

Each of these three strategies are discussed below:
(i) Process focus : Majority (about Z5 per cent) of global production is devoted to /ow

volume, high. vadety products in manufacturing facilities called job shops. such facilities
are organised around performing processes. For example, the processes might be welding,
grinding or painting carried out in departments devoted to these processesl Such facilitiJi
are process focussed in terms.of equipment, machines, rayoui and supervision. They
provide a high degree of product flexibility as products move intermittently between
processes' Each process is designed to perform a wide variety of activities and handle
frequent changes' Such processes are called intermittent processes. These facilities have
high variable costs and low utilisation of facilities.

(ii) Repetitive focus 3 A repetitive process is a product oriented production process that uses
modules. lt falls between product focus and process focus. lt uses modures which are
parts or components prepared often in a continuous or mass production process.
A good.example of repetitive process is the assembry rine which is used for assembring
automobiles and household appriances and is ress frixibre than proc"ss-focused faciiiryl
Personal computer is an exampre of a repetitive process using modures in which the
modules are assembled to get a custom product with the desirJd configuration. 

'-' -- -
(iii) Product'focus : lt is a facility organised around products, a product oriented, high-volume

low-variety process..rt is arso referred to as continuws process because it'h"r;ry 6;;
continuous produdion run. Examples of product focussed processes are steel, glass, papei
electric bulbs, chemicars and pharmaceuticar products, borts and nuts elc. iroduct-
focussed facilities need standardisation and effective quality control. The specialised nature
ofthe facility requires high fixed cost, but low variable cosis reward high ficility utilisation.
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focu s,Table 51 gives a comParison
focus and prod uct focus.

of three process choices namelv
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High variety,
one or tew

units per run.

Lorv volunre
( internlittcnt )

RepctitivI] process
(ntxlular)

lligh volunre
(continuous.)

Poor Strategy
(fixed cost and

change ovcr
costs are high)

custonlrsatron

:
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I

tr{odcst runs,
stanclardisecl

nrotlulcs
(changes in

nrodulcsl

Poor stratcgy
(variablc costs

are high)

Long runs
only, changes
in attributes

(gradc, quality,
size, thickness)

Projccts, job shops
(mach ine, printing

carpentr)')

Ilopctitive focus
(a ul.omobiies, motor

Pioduct focus
{Steel, Glass, I}rcad)

-J Volurne

repelrl rve

) Table 5.1 : Comparison ol the Chalacteristics of Three Types ol Process Strategies

I pll

8. Finished goods are usuallY mode

to a forecast and stored

9. Simple production scheduling,
concerned with establishing a

rate of output sufficieat to meet
demaod forecast

10. Fireil costs tend to be high and
variable costs low,
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I PROCTSS MANAGEMENT

Process management is concerned with the selection of inputs, operations, work flows
and methods that transform inputs into outputs. The starting point of input selection is the
make-or-buy decision (i.e., deciding which parts and components are to be produced in-
house and which are to be purchased from outside suppliers). process decisions are concerned
with the proper mix of human skills and equipments needed to produce the parts in-house
and which part of the processes are to be performed by each equipment and worker.

Process decisions must be made when
(l) a new or modified product or service is being offered
(li) quality must be improved

competitive priorities have changed

demand for a product or service is changing

cost or availability of materials has changed

competitors are doing better by using a new technology or a new process.

MAJOR PROCESS DECISIONS

Five common process decisions considered by production/operations managers are:
(i) Process choice, (ii) Vertical integration, (iii) Resource flexibilitv, (iv) Customer

involvement and (v) Capital intensity.

Process choice determines whether resources are organised around products or processes
in order to implement the f/ow strategy.lt depends on the volumes and degree of customisation
to be provided.

Vertical integration is the degree to which a firm's own production system handles the
entire supply chaln starting from procurement of raw materials to distribution of finished goods.

Resource flexibility is the ease with which equipments and workers can handle a wide
variety of products, levels of output, duties and functions.

Customer involvement refers to the ways in wh ich customers become part of the
production process and the extent of their participation.

capital intensity is the mix of eguipment and human skrlls in a production process.
Capital intensity will be high if the relative cost of equipment is high when compared to the
cost of human labou r.

These major process decisions are discussed in detail in the following paragraphs:
I. Process choice : The production manager has to choose from five basic process types -(i) job shop, (i, batch, (ili) repetitive or assembly line, (iv) continuous and (v) project.

(i) lob shop process; lt is used in job shops when a low volume of high-variety goods
are needed. Processing is intetmittent, each job requires somewhat different processing
requirements. A job shop is characterised by high customisation (made to order),
high flexibility of equipment and skilled labour and low volume. A tool and die shop
is an example of job shop, where job process is carried out to produce one-of-a kind
of tools. Firms having job shops often carry out job works for other firms. A job shop
uses a flexible flow strategy, with resources organised around the process.

(ii) Batch process: Batch processing is used when a moderate volume of goods or services
is required and also a moderate variety in products or services. A batch process
differs from the job process with respect to volume and variety. In batch processing,
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volumes are higher because same or similar products or seryices are repeatedly

provided, examples ot p'oJutit produced in batches include paint' ice cream' soft

drinks, books and magazines'

(iii) Repetitive process : This is used when higher volumes of more standardised goods

or services are needed. riit ivp" clf p'oc-ess is characterised by slight flexibility of

equipment (as products 
"'"-st"na"ta 

it"al and generally low labour skills Products

proju."d include automobiles, home appliances' television sets' computers' toys

etc. Repetitive process ts also ieferred to as line process as it include production

lines and assembly lines in mass production Resources are organised around a product

orserviceandmateria|smoveinaIinef|owfromoneoperationtothenextaccording
to a fixed sequence with little work-in-progress inventory' This kind o.f nr9c9s,s l1

suitable to 'manufacture-io-stock" strategy with standard products held in finished.

goods inventory. no*"u"', 'assemble'tiordet" strategy and omass customisation"
' are also possible in repetitlve process

(iv) Continuous process: This is used when a very highly standardised product is desired

in high volumes. These systems have almost no variety in output and hence there is

no need for equipment flexibility A continuous p-.rocess, is the extreme end of high

volume, standardir"a pr,oluttion with riSid line flows The process often is capital

intensive and operare round the c/ock io maximise equipment utilisation and to

avoid expensive shut downs and shut ups' Examples of products made in conttnuous

p,o.",, ,yu"., incIude petroIeum products, stee|, sugar, f|our, paper, cement,

fertilisers etc.

(v) Proiectptocess .' lt is characterised by high degree of iob customisation' the large

scope for each proJect and need for iubsiantial resources to complete the project'

;;;;i;t oiproi".i, 
"," 

rJiriing 
" 

tr'oppins centre'.a,dam' a bridge' construction of

" 
iu.,Lrv, hospiial, developing a" new pioduct' publishing a new book etc' Projects

i""J tt'0" complex, t"ke' " 
iong time and consist of a large number of. complex

activities. Equipment flexibiiity ani labou' skills can range from low to high depending

on the tYPe of Projects.

Table 5.2 provides an overview of the processes discussed in this section'

2. Verticaf Integration rvertical integration is the amount ofthe production and distribution
- .hain, from luppliers of components to the 

-delivery 
of products/services to cuslomers'

*N.( it brought under the ownership of a firm' The management decides the. level or

a"g*" of intelration by coniidering;ll the activities performed from the acquisition ot

raw materials to the delivery of finished products to customers. The degree to which a

firmdecidestobeVertica||yintegrateddetermineshowmanyproduction.processesneed
i" ["-pi"^".J r"a designed to 6e carried out in-house and how manv by outsourcing'

When managers decide to have more vertical integration' there is less outsourcinS' The

vertical integlation is based on "make-or-buy" decisions' with make d*':i",":^-1:115

.oi" in*gtJtion and a buy decision meaning less integration and more outsourclnS'

i*o air".iion, of vertical integration are (a) Backward. integration which represents

r""i"g "pti*"a 
toward the 

'o""c"' 
of raw materials and parts' for example a steel mill

going for backward integration by owning iron ore and coal mines and a large fleet of

transport vehicles to n1ou" ,n-"r"-;* n1","ii.|, to the steel plant. (b) Forward integration

in which the firm acquires tire lhannel of distribution (such as having its own warehouses'

and retail outlets).

The advantages of more vertical integration are disadvantages of more outsourclng

and similarly, advantages oi tot" oitsourcing are disadvantages of more vertical

intesration.

Process choice:
five basic lypes ol

process ale:
. Jobshop Process
. Batch process
. Bepetitive

process
. Continuous

process
. Proiect process.

Ve.tical integtation:
The amounr of thB

production and

distribution chain

which is broughl
u||der the

ownership ol a tirm.
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Advantages of vertical integratron are:
(i, Can sometimes increase market sh.lre and allow the firm enter foreign markets moreeas iJy.

(rr,) Can achieve savings in procJuction cctst anrJ prorlur:e higher quaiity goods./1,ii Can achieve more tin.tely delivery.
//v/ Better utjlisatia)n of .ril typcs ot resourc{,s.
Disadvanlages of verlical integration are:
fil Not nttr.tctive for lor,v volunres.
f/, High c.rpital invostnt{rnt .tnd oper.ttifg costs.

Table 5.2:Ty pes of Processes (
Description .Iob Shop

Process
I *"t ""*.*

T-
I 
Repetitive (Asscmbly)
I Process

Continuous
Process

Highly
standardised
goods orscrvices

Project
Proce6s

t li -1, t..

custonrised
seryIces

Output
characteristics
goods & services

Customised
goods or
sefvtces

Semi-standarclised
goods or
services

Standardised
goods or
serv\ces

Examples of
productive systemg

Machioe shop,
tool room

Bakery,
class room

Asscmbly line Ibr
automobilcs

Stcel mill,
paper mjll

Steel, paper,
sugar, flour

Building bridgcs
and dams

Examples of
goods produced

Press tools,
moulding toolo

Bread, cakes,
cookres

Automobiles, Tele-
vi6ion sets, corlrputer6

Volume Low Low to moderate High Very high Very high
Output variety Very high Moderate Low Very lorv

Very low

Extremely low

Low to high
Equipruent flexibility Very high Moderate Low

Cost Estimation Difficult Somcwhat rllutin(. Iloutile Routine Conplex
Cost per unit High Moderete Low Low Very high
Equipment used General

purpose
General
purpose

Special
purpose

Special
purpose

Varied

Fixed costs Low Moderrate High Very high Vuried
Variable cost6 High Modemte Low Vely low IIigh
Labour skills High Moderate Low Low Low to high
Scheduling Complex N'loderately

complex
Routine Routine Complex, subject

to change
Work-in-procese
inveIrtory

Hish High Low Low Varied

Adva!tages Able to handle
a wide variety
of work

Flexibility Low unit cost,
high volume,
efficient

Very efficient,
very high
volurne

Suitable for non-
routine time and
cost bound work

Dieadvaatagee Slow, high
cost per unit,
conplex
planning and
scheduling

Moderate cost
per unltr
moderate
scheduling
complexity

Low flexibility
high cost of
of downtime

Very rigid, lack
of variety, cost
lo change, very
high cost of
downtime

Very difficult
to plan and
control reeources
cost &nd ti!]e
of completion
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Less ability to react more quickly to changes in customer demands, competitive actions

and new techniques.

Resource flexibility : The choices that management makes concerning competitive
priorities determine the degree of flexibility required of a firm's resources - its employees,

facilities and equipment. Production managers must decide whether to have flexible
workforce which will provide reliable customer service and avoid capacity bottlenecks.
Flexible workforce is useful with flexible flow strategy to even out fluctuating work
loads. Also when volume flexibility is required, instead of laying offand hiring workforce
to match varying demands, it is better to have certain amount of permanent workforce

"having multiple skills. This will facilitate movement of surplus workforce from low-load
' work centres to higher-load work centres.

When a firm's product has a short life cycle and a high degree of customisation, low
production volumes mean that the firm should select flexible general purpose machines

and equipments.

Customer-involvement is the extent to which customers interact with the process. A firm
which competes on customisation allows customers to come up with their own product

specification or even become involved in the designing process for the product (quality

function deployment approach to design for incorporating the voice of the customer).

Capital intensity means the predominant resource used in manufacturinS, i.e., capital

equipments and machines rather than labour. Decision regarding the amount of capital
investment needed for equipments and machines is important for the design of a new
process or the redesign of an existing one. As the capabilities of technology increase (for

example automation), costs also will increase and managers have to decide about the
elitent of automation needed. While one advantage of adding capital intensity is significant
increase in product quality and productivity, one big disadvantage can be high investment

cost for low-volume ooerations.

MAKE.OB-BUY DECISIONS

This is the very first step in process planning. lt involves considering whether to make or
some or all of a product or service. A manufacturing firm might decide to purchase

parts rather than make them, sometimes the firm may buy all the parts from outsourcing
simply perform only assembly operations to produce the finished product. Buy decisions

or eliminate the need for orocess selection.

Traditionally, the make option tended to be favoured by many large firms, resulting in
integration and ownership of a large range of manufacturing and assembly facilities,

purchases were mainly confined to raw materials and components which were then

in-house. But the increased global competition in recent years created pressures to
costs, downsizing the workforce and focusing on the firm's corc competencies. Hence

trend is now toward outsourcing for goods or services that had been previously provided

Make-or-buy decisions pertain to basic questions of specialisation and vertical

At the completion of product design, the design department prepares the product design

such as product structure tree, part lists, drawings for parts, components. sub-

and final assembly of the product. The process planning engineers are required to make

important decision of make-or-buy, considering a number of factors. Also the required

of the firm to produce the finished products depends on the "rnake' decision.

Rosourco flexibility:
M8ans the

llexibility ol
rasourcss such as

emptoy0es.
facilitios and

oquipmo||t.

Customot
Involvement:

Tho sxtent to which
customenr interact
with tho process.

Capital Intonsity:
Msans tho

predoninant
resourcgs used in

manutactuling
consists ot

machines and

oqlipm€nts rathet
than human labour,

Maka-or-Buy
Docisions:

Tho very first step
in procoss planning,

involvas
considering

whother to nako or
buy som€ or all of a
product or ssrvica.

In make.or-buy decision, the various factors usually considered are:



Factofs conridored
in Maks.o.-Buy
decisions are:

. Available capacity

. Expertise

. Orality

. Natur8 of demand

. Cosl

I
I

I

I,, #"';,ffi;il.1
time, it makes sense to produce an item so that the available capuciiy i" "q;;.;;;; ;,]
skilled labour can be made use of. ---' - '- - 

l

(ir) Expertise : lf the needed expertise is racking in the firm, buying might be a bettt
alternative.

(i,) Quality considerations: outside suppriers who speciarise can usualy offer higher quarit
products than what the firm can produce. But unique quarity requiiement oi the desir
to closely monitor the quality may cause a firm to decide to ,,make.,,

(iv) The nature of demand : When the demand for a product is high and stabre, it is bettefor the firm to produce the item rather than buy. Arternativery, when fructuations ir
demand, or smafl orders have to be handred, it is better to buy'ihe rtem from mrttipi,
sources who are specialists.

(v) Cost i Any cost savings achieved from buying or making must be weighed against th(preceding factors. Economic analysis of make or'buy decision is baseJ on bieak_ever
analysis or economic batch quantity or economic order quantrty concepts.

. 
Apart from the above important considerations, the other non-economrc considerationr

could be:

0) Availability of suppliers (for outsourcing).
(ir) Desire to specialise in a particular field of manufacture.
(iii) Control of design secrets.
(iv) Availability of research and development facilities in_house.
(v) Reliability of outside suppliers.

(vr) Lead time for procurement versus lead time for in-house manufacture.
(vii) Delivery schedules to be met.
(vii, Employee preferences for particular nature of work.

Depending on the various considerations discussed above, managers are required tomake decisions regarding (a) when to make and (b) when fo buv.
When to make? Some of the reasons that may lead the managers to decide to make apart or a component or a product in_house instead of buying are:
(i) H.igher purchase price per unit of the item as compared to the per unit product costif produced in-house.

(ir) Assurance of timery avairability because the firm does not have to depend on outside. suppliers.
(iit) au";1r0 , 

" 
of the required facilities and capacities in-house.

(iv.) Betrer ( ontrol of quality on in_house operations.
(v) Nee,J t r [rrrtst'rve tfade secfets and deslgn secrets.

(vr) savirrg: tn transportation costs of items from vendor's premises to the buying firm.
When to buy? Some of the reasons that guide managers to make a decision to buy anitem from outside sources of suppry are:
(i) when the purchase price per unit of the item (including rransportation cost) is lesserthan lhe per unit product cost if made in_house.

(ii) \A'hen the firm,s requirement of
on spectat purpose eq u ipments,
in -ho u se.

an item is low and does not iustify investment
machines and tools for manufacturins the item
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(ti, Ability of the outside supplier to supply the item at lower cost, higher quality and
faster delivery times than would be possible if manufactured in-house.

(iv) When the outside suppliers hold a patent on the needed irem.
(v) When opportunity cost of producing is much higher than that of buying.

(vt) When there is no problem of trade secrets or design secrets for the buying firm.
(vii) when there is not enough capacity to make an item and increasing the capacity is

not cost effective.
(viir) When the item does not have a long-term requirement.

MAKE OB BUY ANATYSIS

fhe philosophy underlying the make-or-buy decision is: ,'tt would be very unusual that
organisation were superior to competition in all aspects of manufacturine or services."

By buying outside, the management of the purchasing firm can concentrate its efforts better
on its main mission or core competency. This approach can result in substantial downsizins
and an expanded scope for purchasing in the process. with the world as a market place, th!
purchasing department is responsible to search for or to develop world-class suppliers suitable
for the strategic needs of the firm.

On the other hand, not all raw materials, components and parts required to make a
product need to be purchased. Production departments can often make many items in-house
at lower cost, of higher quality and with faster deliveries than would be possible in buying
from the suppliers. Alternatively, because suppliers may specialise in certain types of
production, some parts can be bought from them at lower cost, higher quality, and faster
delivery times than would be possible if the firm made them in-house. Hence production
department and purchasing department together, routinely perform make-or-buy analyses for
the raw materials, parts and components that go into existing products.

I

1

SOLVED PBOBLEMS

Machines A and B are both capable of manufacturing a product. They compare as
follows:

(i) which machine will have the lower cost per unit of output, if run for the whole year?
(ii) lf only 4000 pieces are to be produced in a year, which'machine would have the lower

cost pet piece?
(iii) will your answer to (i) above query if you are informed that 12.5% of the output

of machine B,gets rejected at the inspection stage. lf so, what would be the new
solution?

Machine A Machine B

Investment

Interest on capital invested

Hourly charges (wages + power)

No. of pieces produced per hour

Annual operating hours

Rs. 50,000

15% per annum

Rs. 10

5

2000

Rs. 80,000

15o/o per annum

Rs.8

I
2000
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Solution. :

(i) Data

Annual interest charges

Annual operating charges

Total annual charges

Annual production (units)

for 2000 hours

Cost per un it

Data

Operating hours requ ired

for producing 4000 nos

Operating charges

Interest charges

Total annual charges

Cost per unit

Machine A

IJ
Rs. 50,000 x ;:

IUU

- Rs. 7.500

Rs. 10 x 2,000

- Rs.20,000

2,500 + 20,000

- Rs.27,500

5 x 2000

- 10,000 nos.

27500

Machine B

Rs.80,000 x fr
- Rs. 12,000

Rs. 8 x 2,000

- Rs. 16,000

12,000 + 16,000

- Rs.28,000

8 x 2000

16,000 nos.

28,000

16p00 - Rs. 1.75

Machine B

4000/8 - 500 hrs

Rs. 8 x 500

- Rs.4,000

Rs. 12,000

4000 + 12000

Rs. 15,000

Rs. 16,000

4000

- Rs. 4'

- 10,000 - Rs. 2.25

Machine'B'gives the lower cost per unit if run for the whole year (for 2000 hours).

(ii) Machine A

4000/5 - 800 hrs

Rs. l0 x 800

- Rs.8,000

Rs. 7,500

8000 + 7500

- Rs. 15,500

Rs. 1 5,500

4000

- Rs.3.875
Machine 'A' gives lower cost per unit.

(iii) lf 12.5'L of output of Machine I is rejected, net annual production

from Machine B - 16,000 x (1oo -125)
100

15.000 x b75- . 100 - 14,000 nos.

costperunit -ffi - ns.z

Even though, unit cost of production on Machine B increases from Rs. 1.75 to 2.0, still
machine B continues to be cheaper, if used for 2000 hours in the year.
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Methods P and Q are both capable of manufacturing a product. They compare as follows:

Data Method P Method Q

Fixture - cost

- life

Tooling - cost

- life

Processing time per piece

Rs. 24,000

6 months

Rs.2,560

300 pieces

6 mts.

Rs. I 6,000

4 months

Rs.4,800

500 pieces

4 mts.

The annual rcquirement is 1500 nos. Operating cost per hour of the process is Rs' 128

for both processes. Material cost is same in each case.

Which method would you choose for production during a period of one year?

(2 nos of fixtures are required per year in method P and 3 nos required in method Q)

Data

Cost of manufacture Per Year :

Fixture cost

Method P

Rs. 24,000 x 2

- Rs.48,000

Method Q

Rs. 15,000 x 3

- Rs.48,000

1500
a,800 x ,-
-4800x3
- Rs. 14,400

1500 x 4/60

- I00 hrs

Rs. 128 x 100

- Rs. 12,800

Rs.48,000

Rs. 14,400

Rs. 12,800

Operating hours to

produce 1500 nos.

Operating cost per year

Total manufacturing

cost per year

r 500
2,560 x 

-ro;
-2560x5
- Rs. 12,800

1500 x 6/60

- 150 hrs

Rs. 128 x 150

- Rs. 19,200

Rs. 48,000 +

Rs. 1 2,800

Rs. 'l 9,200

Tooling cost

Rs.80,000 Rs.75,200

Since method Q is cheaper than method P, method 'Q' is the choice for produdion

the whole one year period.

Calculate the break-even point for the following:

Production Managet of a unit wants to know from what quantity he can use automatic

machine as against semi'automatic machine'

Data Automatic Semi-automatic

Time for the job

Set up time

Cost per hour

2 mts

2 hrs

Rs. 20

5 mts

1.5 hrs

Rs. 12



Solution :

Let x be the break-even quantity between automatic and semi-automatic machines. This

means, for a volume of output 'x', the total cost of manufacture is the same on both automatic

and semi-automatic machines.

For quantity - x units

Total manufacturing cost onl
automatic machinesJ

Total manufacturing cost onl
semi - automatic machinesf

lf'x' is the break-even quantity, then

(z *4\,zo
\ 60,/

+o+ffxzo
2x

40 + ; - 18 + x
J

2xx- ^ -40-18
X

J
x - 66 un its

Hence for quantity upto 65, a semi-automatic machine will be cheaper. For quantity 66,

both semi-automatic and automatic machines are equally costly. For quantity more than 66,

automatic machine becomes cheaper than semi-automatic rnachine'

4. Two altemative set-ups, A and B are available for the manufacturc of a component on

a particular machine, where the operating cost per hour is Rs 20'

Production and Operations Management -

Set-up A set-up B

Components/set-up

Set-up cost

Production ratdhour

4000 pieces

Rs. 300

10 pieces

3000 pieces .

Rs. 1500

15 pieces

Which of these set-ups should be used for long range' and economic production?

- ['.0 
* fi)'zo n'.

-('r.ff)',rn'

- l.t., * 1) ",,\ 60/

5x
-'18 + 60 x 12

Solution:
Considering one set-uP

Set-up cost per year

Operating hours/set-uP

Operating cost

Total manufacturing cost

Set-up A

Rs. 300

400 hours

- Rs. 8000

+ 8000

Set-up B

Rs. 1500

3000
15 - IUU nours

2OOx20-Rs.4000
1500 + 4000

- Rs.8300 - Rs. 5500

4000

10

400 x l0
300



Assuming that the machine is used for production for one year having 2000 hours of

llesign of Production Systems

Manufacturing cost/Piece

For annual production.

No. of set-ups

Set-up cost per Year

Operating cost

No. of units produced/Year

Total annual
manufacturing cost

Manufacturing cosyunit

- #H : Rs.2.osz Jii! : *' '",,

Setup A

2000.--- :5
400

5x300
: Rs. 1,500

2000 x Rs. 20

: Rs.40,000

2000 x 10

: 20,000 nos.

'l 500 + 40,000

= Rs. 41.500

41.500
- zo,o6O - Rs.2.075

Setup B

2000

200 = 10

10 x 1,500

- Rs. 'l 5,000

2000 x Rs. 20

: Rs.40,000

2000 x 15

30,000 nos.

15,000 + 40,000

Rs. 55,000

55.000
- loPoo 

: Rs' 1'833

Since the manufacturing cost for set B is less, use setup B for long range and economic

XW company is trying to determine how best to produce a new product' The new,

product could be prodLced in-house using either prccess A ot prccess B or purchased

!rcm a supplier. Cost data is given below:

Process Fixed cost Variable cost/unit

Make (Process A)

Make (Process B)

Purchase

Rs. 8000

Rs. 20,000

Nil

Rs. l0

Rs.4

Rs.20

For what levels of demand should each alternative (i.e., make with process A, make

with process B or purchase from supplier) be chosen?

: Let Q, be the break-even quantity between process A and process B'

1 TCA - TCB

FC^ + (VC^ t Q') :FCB + (VCB x Qr)

8000 + loQr :20,000 + 4Qr
'lOQr - 4Qr = 20,000 - 8000

6Q1 - 12,000

Qr :2ooo

cost to purchase 2000 units = 2OOO x 20 : Rs' 40,000.



r
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Manufacturing cost to produce 2000 units :

Using process A : Total cost :8000 + 10 x 2000

- Rs. 28,000

Using process B :

Let Q, be the
supplier.

Then

Total cost :20,000 + 4 x 2000

- Rs. 28,000

break-even quantity between process A and purchasing from outside

FC^ + (VC^ + Qr) :Q2 x 20

8,000 + (10 Qr) :20 Q,
20 Q2 - 10 Q' - 8'000

l0 Q, : 8,000

Q, - 8oo

,l
l 20,000
I
I

E

8000

Qz = 8oo Q, = 2ooo

Quantity -----------)

Conclusion: Upto quantity 800 units, it is most economical to purchase the product.
From 800 units to 2000 units, it is economical to make the product using process A. Beyond
2000 units, it is economical to make using process B.

I OUESTIONS

1. Define the terms product design, process design and production design.

2. Distinguish between functional design and form design.

3. State the importance of product design.

4. State the functions of product design.

5. Slate the reasons for product design or redesign.

6. What are the objectives of product design?

7. Discuss the factors influencing product design.

8. Describe the characteristics of good product design.

9. Explain briefly the various approaches to product design.



10.

ll.
12,

t3.

14.

15.

16.

17.

18.

19.

20.

Design of Production Systems

What is computer aided designa

Discuss the role of value engineering in product design.

What is modular designl

What is a process? What are its various types?

Define the term "process planning".

Distinguish between process design and operations design.

What is meant by "process selection"?

What is meant by "process strategy"? Discuss the key aspects of process strategy.

What is "process management"a

Discuss the major process decisions that need to be considered by production/operations
managers.

What is "make-or-buy analysis"? Discuss the various factors to be considered in make-or-buy
decisions.

PROBLEMS

Machines K and L are both capable of manufacturing a product. They compare as follows :

Data wcK M/Ct

Capital investment

Interesl on capital

Operating cost/hour

Production output/hour

Rs. 60,000

15%

Rs. 12

6 pieces

. Rs. 1,00,000

15Y.

Rs. 10

10 pieces

Factory overhead cost - Rs. 1,20,000.

Working hours per year (on 2 shiftVday basis) - 4000 hours.

(a) Which machine would you choose for regular production throughout the year?

(b) lf only 4000 pieces are to be produced in one year which machine would you choose?

(c) For how many pieces of production per year the cost of production would be the same on
either machine?

A factory can manufacture two products A and B by using either of two processes P or Q.
Product 'A' is expected to sell at Rs. 70 per unit and product 'B' at Rs. 30 per unit. The
operating data are as follows :

Data With Process P With Process Q

Output of Product A

Output of Product B

Quantity of raw material usage

Labour usage

Electric energy consumption

Cost of raw material per kg

Labour cost per man hour

Electric energy cost per kwhr

200 units/day

300 unitvday

1 000 kg

300 man-hours

1000 kw hr

Rs.20

KS.5

Rs. 1.50

400 units/day

200 units/day

1000 kg

250 man-hours

I 500 kw hr

Rs.30

Rs.5

Rs. 1 .50



(t Compare total productivity of both of the alternatives and decide on the choice of process

PorQ.
(t) lf out of the three inputs, labour becomes a critical input, what would be your preferences;

process P or Q?

3.Theannualrequirementofacomponentis3000nos'XandYaretwomethodsofmanufacturing
the componeni using different fixtures and tooling on the same machine' operating cost ofthe

machine is Rs. 150 per hour. Material cost is same in each case'

Production and Operations Management -

Data Method X Method Y

Fixture - cost

- life

Tooling - cost

- life

Processing time per Piece

Rs. 34,000

4 months

Rs.3,500

300 pieces

5 mins.

Rs. 26,000

3 months

Rs. 5,000

500 pieces

3 mins.

Which method would you choose for production during a period of one year?

given below:

4. XYZ co. manufactures an electronic product. A new model developed, requires a new design

of a sub-unit for this product. xYZ co. is considering three alternatives viz', (a) whether it

itouta fry the sub unit from a vendor, (b) produte the sub unit using manual assembly

system or (c) produce the sub unit usinB an automated assembly system based on the data

automated assemblY?

(ii) At what volume would XYZ company be indifferent between manual and automated

assemblv?
(iiil At what volume would XYZ co. switch over from buying to producinE, using manualassembly?

(iv) What other considerations would be important in this decision?

5. A company having a job shop machining facility, manufactures' parts for automobile

manufacturers.Thecompanywantstoimproveitscompetitiveness.Threea|ternativesbeinS
considered are (a) cellular manufacturing, (b) CNC machines, (c) Flexible manufacturing system

(FMS). The costs of these alternatives are given below:

(i) On the basis of economic analysis, rank the three alternatives viz'' CM' CNC and FMS'

(ir) lf 1 ,50,000 units are to be produced in an year, what would be the most desirable and least

desirable alternatives?

1,00,000

Rs. 5,00,000

Rs. 6

1,00,000

Rs.2,50,000

Rs.7.5

1,00,000

Rs. 10

Annual requirement (units)

Fixed cost per year

Variable cost Per unit

(i) What should XYZ company decide? 8uy, produce using manual assembly or produce using

CM cNc FMS

Annual production (units)

Annual fixed costs

Variable cost per unit

1 ,00,000
Rs. 90,000

Rs. 29.40

1,00,000

Rs. 1 ,90,000

Rs.28.50

1,00,000

Rs.3,20,000

Rs. 27.30


