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After reading this chapter, you should be able to:

. Understand the meaning of production process.

. Describe the various categories of manufacturing processes.

. Differentiate between manufacturing and service operations.

. Discuss the various heat-treatment processes and surface treatm€nt processes.

. Discuss the primary characteristics of service.

. Discuss the differences and similarities between manufacturing and service

operations.
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I PRODUCTION PBOCESSES

Products are the goods and services produced and processes are the facirities, skils and
technologies used to produce them. production processes are essential to produce products
and the available processes limit what products can be produceo.

Production function or operations function is the primary function ofan industrial enterorise.
ll is afso known as conversion pnooesr or bansfomation process which transforms some of the
inputs (raw materials and components) into outputs which are useful for the consumers.
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The outputs should have more value to the consumer than the cost of producing them.

I MANUFACTURING OPERATIONS AND SERVICE OPERATIONS
The field of operations can be divided into manufacturing operations and service

oDerauons.

Manufacturing 0perations

Manufacturing operations convert inputs rike materiars, rabour and capitar into some
tangible outputs.

Manufacturing processes are the primary processes and can be grouped under three
basic categories, namely, forming, machining and assembly. The objectives of each process is
to change the shape or physical characteristics of the raw materials.

fi) Forming processes

Include casting, forging, stamping, embossing, spinning etc. These processes change the
shape of the work piece without necessarily removing o, adding material.

(ii) M".L,n,nt processes

Involve basically metal removal, by turning, drilling, milling, grinding, shaping, boring
etc., it also includes chipless machining processes such aielectro Jischarge 

-macnin;rig 
teorr,,|i

electrochemical machining (ECM), chemical milling, laser drilling etc.

(iii) Assembly processes

Involve the ioining of component or piece parts to produce a singre component that has
a specific function. some of the common assembry processes are werding, brazing, sorderin!,
riveting, fastening with bolts and nuts and joining by use of adhesives.

I SETECTION OF A PROCESS

The selection of a manufacturing process is infruenced by severar factors such as the
desired produa quality, labour cost to be achieved and the volume of production needed.
While there can be several manufacturing methodg or processes to produce an item, there is
usually one best method for a given set of variables.



The casting process consists of pouringof molten meJa-l iq!o-a r1guld qn{ allowing

:i"nr tir" fJ, ih" metal to sqlilify and te-t"in the shape of thq m-oulded c-av!!y. The various

methods are t"nd .is1ing, shell moulding, gravity die casting, pressure die casting'

lal casting, investment casting etc. Casting of plastics is done by compression moulding'

In forging process the metal is heated to a plastic state and then formed to the desired

: by p-resiure or impact. The various types of forging processes are flat die forging' drop

upset forging, press forging and roll forging.

or backward extrusion and impact extrusion'

blank being coined.

Spinning

Also known as spin forming, it is a process of shaping a metal by pressing it against a

or mandrel while it is rotating on a high speed lathe'

Processes

are

(e) Turning

In turninS operation, the work piece is held in the lathe and rotated while the cutting

or cufter"removes the metal from the work piece. The various kinds of operations that

be oerformed on lathe are cylindrical turninS, taper turning, facing, reaming, drilling,

thread cufting, grinding and knurling.

(6) Drilling and boring

In drilling operation, a hole is produced on the work piece by forcing a rotating cutter

known as drill bit through the workpiece'
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Someofthecommonmanufacturingprocessesarebrief|ydescribedinthefo||owing
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Forging

[xtrusion

Extrusion process consists of forcing the metal through dies so that the metal obtains

section ofthe same shape as the die. Extrusion process can be direct or forward extrusion'

Stamping

ln the stamping process, force is applied on the metal to cause plastic flow and to alter

size and shape-of the metal part io the desired size and shape' lt is a cold working

Embossing and Coining

|nembossing,themeta|isstretchedorformedaspertheconfiSurationinthedies.coining
performed in a'n enclosed die and the metal flow is restricted in a lateral direction.

An impact or compressive force causes the metal to flow in the shallow configurations of

Machining process removes tne metal from the work piece during the cutting operation
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ln boring operation, an existing drilled hole is enlarged by using a cutter known as
boring bit.

Reaming is the finishing of a drilled hole to an accurate size using a fluted tool called a
leamer.

(c) Milling
Milling operation removes metal by feeding the work piece against a rotating multi-point

cutting tool called milling cutter.

(d) Grinding

Crinding process refers to the abrading or wearing away by friction of a material. lt is
accomplished by forcing the work piece against a rotating grinding wheel made.of abrasive
material. Extremely hard metals or metals hardened by heat treatment processes can be
machined only by the grinding process.

(e) Shaping and planing

In shaping or planing, plane surfaces are produced with the use of single point cutting
tools. Work pieces, castings or forgings of smaller sizes are machined by shaping process
whereas planing process is used for machining work pieces, castings or forgings of larger sizes.

O Electrodischarge machining (EDM)

It is a'chipless' process using electrical energy for metal removal. The operation involves
producing a spark between the work piece and the tool across a gap between them. The worl
piece melts at the contact point of the spark and the molten metal is removed by the die-
electric which also cools the work oiece and the tool.

(8/ Electrochemical machining (ECM)

This is also a "chipless" process, but it differs from EDM in that chemical energy combines
with electrical energy to do the cutting operation. lt is opposite of the electroplating process. In
EcM the metal to be removed is dissolved off the work piece and carried away by the electrolyte.
(f) Chemical milling

This process removes metal by chemical action. lt is an etching process with carefully
controlled chemical reaction. Precleaning. masking, etching and stripping are the operations
that must be performed in chemical milling.

Assembly Processes

(a) Welding processes

In welding process, two pieces of metal are joined into a single piece by fusion due to
heat or combination of heat and pressure. Various types of welding processes are gas welding,
arc welding, resistance welding (spot welding and seam welding), plasma arc welding, electron
beam welding and laser welding.

(b) B'azing
Brazing is a metal .ioining process used for joining nonferrous alloys (either similar or

dissimilar metals). The brazing alloy melts at a lower temperature than the melting point of
the base metals to be joined and fills the joint between the base metals by capilliry action
and then solidifies on cooling.

(c) Soldering

soldering process is similar to brazing except that the soldering alloy is different from
brazing alloy and melts at a lower temperature as compared to brazing alloy. The leadtin
base solder alloys melt and flow throughout the solder ioint by the heat of the joint itself.



using adhesives

.Adhesives are used to bond almost all materials such as wood, rubber, plastics and metals'

ITION.MANUFACTURING OR SERVICE OPERATIONS

when workpieces or parts of an assembly must be disassembled and reassembled. the

method of assembly is by fastening using screws, bolts and nuts'

Non-manufacturing or service operations also transform a set of inputs into a set of outputs

he outputs are noitangible. Service operations can be classified into standard services

custom services u..ording to the degree of standardization of their outputs and/or the

Some non-man ufactu ring operations such as wholesale distribution and freight

Dortation deal with tangible products whereas some non-manufacturing operations such

consulting or consultancy deal only in intangible products'

An operation does not necessarily provide only service or only goods. Facilitating.goods

be orovided with services and facilitating services may be provided with goods. For

same goods can be bought from a grocery store or from a superbazar' Also servicing

rbiles may include the replacement of some parts (i.e., spare parts)'

some of the examples of non-manufacturing operations which provide tangible goods

mail service, library service, and wholesale and retail distribution. some of the non-

hcturing operations which provide only services and not tangible goods are health

hair dressing, travel service, legal advice, marriage consultancy'

DIIFERENCES BETWEEN MANUFACTURING AND SERVICE OPERATIONS

Productivity can be more easily measured in manufacturing operations than in service

operations 6ecause manufacturing operations produce tangible products whereas outputs

of service operations are generally intangible.

Quality standards are more difficult to establish and product quality is more difficult to

evaluate in service operations. They are relatively simple and easy in manufacturing

ooerations.

customers have more contact with persons who provide services than with those who

perform manufacturi ng operations.

ln continuous production of standard products, manufacturing operations can accumulate

or decrease inventory of finished product, whereas non-manufacturing operations can

not produce outputs that can be stored.

is more in manufacturing

inventory are higher in

Processes, Manufacturing and Service OPerations

the process of placing the rivet in a hole drilled through the overlapping surfaces of

pieces to be ioined and upsetting the head of the rivet using a riveting tool'

bv bolts and nuts

lhey perform.

The proportion of expenses required for material handling

operations than for non-manufacturing operations.

lnvestments in assets such as facilities, equipments and

manufacturing organizations than in service organizations'

Manufacturing operations depend more heavily on maintenance and repair work than

non-manufacturi ng operataons.

Ssryice operations:
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ars intangible.
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Table 4.1 illustrates the distinction between products of manufacturing operations and
services of non-manufacturing operations.

CLASSIFICATION OF MANUFACTURING PROCESSES

Manufacturing processes may be classified as:
1. Processing (a) Heavy processing

(b) L ight processing

2. freatment (a) Heat treatment
(b) Surface treatment

3. Fabrication (a) Heavy fabrication

/b) Medium fabrication

(c) Light fabrication

Processing

Heavy processing industries include processing industries for industrial metals such as
steel and copper and also heavy chemical industries manufacturing sulphuric acid and heavy
alkalies. These are continuous production industries.

Light processing industries include processing industries that produce chemicaj
compounds, drugs and some metals for e.g., boron and titanium. lt also includ'es industries
manufacturing plastics.

Treatment

Heat trcatment of steel alloys is needed to obtain certain desired mechanical properties
such as hardness, toughness etc.,

Surface treatment refers to the chemical or mechanical processes which are used to alter
the surface characteristics of a metal.

Fabrication

Heavy fabrication includes fabrication of large and heavy parts or assemblies made
of iron and steel incorporating castings, forgings, welded structures and parts made of
thick metal plates, e.9., manufacture of locomotives, earth moving equipments, electric
generators, boilers etc.

Medium fabrication includes forgings and castings and assembly work for manufacturing
products such as automobiles, ajrcrafts, missiles, etc.

Table 4.1 : Charactoristics of Manufactured Products and Services (
Manufaatured, Producte Seraices

Tangible outputs Intangible outputs

Outputs cannot be inventoried
Extensive customer contact

Short lead timee

Labour intensive

Service quality determined with diffrculty
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Ligftt fabrication involves manufacture of products such as utensils, bicycles and furnitures

conventional manufacturing methods and mass production assembly lines.

Since heat treatment and surface treatment are more commonly used processes, they are

in greater detail below:

Treatment Processes

treatment is the process of heating and cooling of metals or alloys in the solid state in

to obtain certain desired properties.

By heat treatment processes it is possible to alter the properties of a metal or alloy, to
Naal trsatmont

trocossss: hvolvo
heating and coolin0
of mntals or alloys
in tho solid staio to

oblain cortain
dosirod propsrli6s.
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annsalin!.
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hardanillg and casa-

hardoIang.

it more suitable for a particular application. Steels are especially suitable for heat

because of the polymorphic change of iron as austenite which transforms during
ing. The crystalline structure and therefore the mechanical properties of steel can be

of Hoat Troatment

(i) To improve machinability of a metal or alloy
(ir) To relieve internal stresses

(iii) To improve mechanical properties such as hardness, toughness, strength and ductility.

(iv) To improve electrical and magnetic properties

(v) To increase resistance to heat and corrosion

(vi) To change the chemical composition
(vir) To refine the grain size and grain structure

For example, hardness and toughness of alloy steels must be increased when they are

to manufacture cutting tools.

Cear teeth must be case hardened to reduce wear and tear.

Heat treatment is used to obtain optimum combination of hardness and ductility for

steels and alloy steels for a particular application.

Heat treatment generally involves heating of metals and alloys to a certain temperature

holding at that temperature for certain length of time and then cooling slowly or rapidly

different cooling rates) in order to change the microstructure of the metals to get the

mechanical properties.

ol Hoat Troatment

affected by suitable heat treatment processes. The important heaGtreating processes

steels are hardening, tempering, annealing, normalising and case hardening.

The most important heat treatment processes are:

(l)annealing, (2) normalising, (3) hardening, (4) temperinS, (5) case hardeninS.

All heat treatment processes basically involve.

0 fhe heating of the metal to the ptedefetmined temperature depending on the shape,

size and comoosition of the parts heat treated'

(ii) Ihe soaking of the parts at that temperature until the structure becomes uniform
throughout the mass.

?iD fhe cooting of the metal at some ptedete rmined mte to cause the formation of

desirable structures within the metal/alloy to obtain the desired mechanical/electrical
propenreS.

Mothods of hoat
trostmool aro:

. Anloaling

. Normaliaing

. Haidning

. Tamporing

. Care haldning
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Annealing

Annealing is one ofthe most.wid€ry used heat-treatment processes carried out for softening
the metal so that it can be machined more easily.

The purpose of annealing is to obtain one or more of the following effects :

(i) Softening metal or alloy in order to improve its machinability.
(ir) Relieving internal residual stresses caused by various manufacturing processes such

as forging, forming, machining, rolling, hammering etc.
(iii) Bg6;n;rt the grain size of the metal or alloy.
(iv) Increasing ductility and toughness.

Annealing can be classified into:
(a Process annealing and

(b) Full annealing

(a) Process annealing is used to remove the internal stresses and to refine the granular
structure. This consists of heating the steer to a temperature just berow its critical
point (usually about 800"c to g50'C) and allowing it to coor very slowry inside the
heat-treatment furnace itself.

(b) Full annealing is carried out by heating to a temperature of approximately 30o C
to 500c above the critical point, maintaining this temperature until all the materi€
has changed to austenite and then cooring srowry in the furnace, hot sand or fine
ashes.

Normalising

when steel is cold worked, the crystalline structure is distorted and the metal becomes
brittle. Normalising implies heating of the steel to the same temperature as that employed for
full annealing (i.e , 30'c to 50o C above the criticar point) and then hotaing at that tempeiatuie
for about 15 minutes and then cooring in stiI air at room temperature outside the furnace
The higher rate of cooling than that is obtained during annealing maintains a fine structure of
pearlite and this results in higher strength in normalised steel than annealed steel. Normalising
is a modified form of annealing.

The purpose of normalising is -
(r) To eliminate coarse grain structure and to obtain uniform grarn structure in the metal.

(ir) To remove the internal stresses caused by cold working or machining.
(iii) To improve the machinability.
(iy) To improve the mechanical properties.

(Normalised steels have a higher yierd point, tensire strength and impact strength
than annealed steels but ducririty and machinability obtaine; by normaiising wi le
somewhat lower than that obtained by annealing)

(v) For many steels the surface finish obtained by machinrng processes on a normarized
steel is found to be superior to that obtained with an annealed steel.

(yi) Normalising renders the metal more homogeneous.

Hardening

Hardening is the process of heating the metar (steer of carbon content greater than 0.2percent) to a temperature for a considerable period of time and then cooli-ng rapidly (i,e.
quenching) in a quenching medium such as water, oil or brine (i.e., salt waterf Haraening is
usually followed by tempering to reduce the brittleness of hardened steel.



The purpose of hardening is to impart high hardness to steel

ce wear and tear and to enable it to cut other metals' Besides'
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(v)

The requirements for hardening of steel are -
(i) Composition, carbon and alloy content of steel

(ii) Homogeneity of austenite and its grain size

(iii) Rate and time of heating and the temperature to which steel is heated

Quenching medium used and the rate of cooling or quenching'

The mass and surface condition of the charge' (i'e', the iob heat treated)

Normallv steel containing more than 0'8o/o carbon is more suitable for hardening'

The more rapidly a steel part is quenched, the harder and the stronger it becomes' Water

a quenching medium is better than oil and brine solution is befter than water if a rapid

ing rate is desired.

When steel is quenched in a quenching medium in the hardening process' it becomes

brittle and will have uneven internal stresses'

Tempering process is used to reheat the hardened steel to,a temperat::"-1*:j9::':'"t::
hotAing;t'to, 

".onsiderable 
time and cooling slowly' The-reheating temperature ranges

150oc to 650'C depending on the purposJof the part that is hardened' The cooling

,*v U" n]in"raf oiis or liquid salt Latirs containing mixture of nitrates' chlorides or

:s. Tempering reduces the internal stresses, reduces briftleness and improves toughness

the metal and also increases ductility of the metal'

rce Hardening or Case Hardening

Surface hardening or case hardening is the process.of adding carbon to th: 
?Yl1t,t^"-11t:

a metal in order to harden ro* .itUoi steels or mild steels' The carbon so added forms a

and thin outer case.

For some applications, steel parts should posses hard, wear.resisti"t,:i1T:lL|"^:l::
oi, 

"i" 
ruffi.i"nttv tough to resist sudden impact or shock' Most case hardening processes

with a low carbon, tough, shJ+esistant steel and cause carbon to diffuse into the

ar . i"trtt the sieel farts will have a case of high-carbon steel'

Methods of Case Hardening

(i) pack carburizing, (ii) nitriding, (iii.) cyanidinS'

ln padt carburizing, steel parts are packed in gas-tight'. cast-iron or alloy-steel boxes with

.o"i. These boxes aie then heated in suitable furnaces to the proper temperature' The oxygen

ii" U"-*1.tni"es with carbon from charcoal to form carbon monoxide gas' when

.ont"ia".oru, into contact with the heated steel, it Sives up carbon which diffuses into

stee|'Theoxygenisthenfreetocombinewithmorecarbonfromthecharcoa|.Thedepthof
i'igt."rUon .Iru obt"in"d depends upon the.temperature "!. li11 j:j1tlt-l .:1,::: f:t"::t;'iii]h, *i";/,".i t- o .tl 

"," 
obtained by pack carburizing' After carburizing the case

;"il;; ;;;;mf"r"d so that the outer surface becomes hard and tough'

Cyanidingis the method of case hardening by immersing the steel into a molten bath of a

ur" ."ilr;.ing salt and afterwardt qu"nthing' Not only ?': th"-,t"t'llt-o-!]:l?:1"T:::

form but the process is cleaner and quicker than pack carburilng' The most suitable salt to

il ir;;i; cyanide which melti at higher remperatures. Sometimes a bath containing
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equal amounts of sodium chroride, sodium carbonate and sodium cyanide is arso used. The
salt bath is maintained at a temperature of g00'C to 900. c. The steer parts are immersed in
the molten-salt bath at 800'C to 9000 c and then quenched in water or oir or in caustic sooa
bath. The carbon and nitrogen of the cyanide sart are the two actrve carburizing agents. Undernormal condition a case depth of 0.1 25 mm wiI be produced in about 1 5 minutes at g50" c.The maximum case depth that can be obtained by cyaniding process is about 0.g mm.

Advantages of cyaniding process are :

(a) Eright surface finish of machined parts can be maintalned
(b) Distortion of case hardened parts can be avoided
(c) More suirable for obtaining shallow case depths. (Up to about 0.008 inch or 0.2 mm)
Nitriding process consists of heating steer parts in gas which contains high concentration

of nitrogen so that the nitrogen diffuses lnto the surfacJ of the steer. Usuafl/ammonia gas is
used. The nitriding process consists of heating the metar to 550"c and hording or soakirig forabout 96 hours. The ammonia gas dissociates to produce nrtrogen. Nitrogen combines withiron to form iron nitride, which is extremery hard and brittre. Low car-bon steers are not
suitable for nitriding because the case produced is too brittre. A nitride case after absorption
of nitrogen is fully hard, so that no quenching or additionar heat treating is necessary. Nitride
cases ane usually 0.020 inch or 0.5 mm thick.

Advantages of nitriding are :

(a) Simple and low cost
(b) No stresses or distortions are caused. There is no quenchang.
(c) Dimensional changes during the process are negligible.
(d) The surfaces are extremely hard.
(e) lt is possible to mask surfaces which are to remain soft.

Hoat Troatmont of Nonferrous Metals

. The heat treatment processes appried to the nonferrous metars are more rimited in scopethan those applied to the ferrous group. Non ferrous metars can be anneared and the otherprocesses used are'solution heat treatment, and ,precipitation hardenins,.

I SURTACE TREATMENT OF METALS
The ordinary metals and atoys which are used for industriar, domestic and other purposes,

so readily corrode or tarnish when.exposed to the atmosphere, that it is necessary ,; ,r*;;;
surface in some way that wir enabre the metar to resist corrosion or tarnishing for the rongestpossible period. coating is used on most metar products either for protectiv-e o, d".oraiiu"purposes or for both.

The key to successfur surface finishing is to crean the surface first to ensure good adhesion
of a coating given either by erectroprating process or by painting process or by prastic coatingprocess. The various surface trearment processes are :

Cleaning of Motals

Cleaning is done both before and after finishing operations. Creaning is done to removedirt. oil, oxides, rust and scales

.. .chemical cleaning is the most popular method of cleaning. Various methods used are

:ll-11::,!,:fli"q, 
acid pickling. sotvenr cteanins, electrotyte cteanrng. vapour desreasing and

urrrason tc ctean Ing.
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Mechanical cleaning methods are used for removing rust and scales from forgings, castings,

ed ioints and heat treated parts. The methods used are abrasive blast cleaning, tumbling,

rolling, power brushing and mechanical polishing or buffin8.

of Metals

The main methods of finishing metals are :

Metallic coatings

Plastic coatings

Organic finishes

Inorganic fin ishes

Metallic coatings are used to provide a decorative finish, protection against corroslon

resistance to wear. Thev also serve as base for painting and lo provide thermally and

(i) Eteclroplating may be described as a process of covering a surface or object (usually

metallic) with a thin adherent coating of the same or other metal by electrolysis

process.

(ii) Hot diwing is a rapid, inexpensive process which forms a coatinS of corrosion-resistant

metals on base metals by dipping in molten bath. The various kinds of coating given

by hot dipping process are zinc coatinS on iron and steel and also tin, lead and

aluminium coatings on steel, copper and cast iron.

(iii) Galvanizing is a commercial term used for the process by which zinc coatinS is

produced on iron or low-carbon steel by immersion in molten bath of zinc'

(iv) Tin coatingis usuallyapplied to sheet steel by hotdippingorby electroplating process.

the commercial name for the cementation of metal surfaces with

This orocess is used to protect iron from oxidation at elevated

(vi) phosphate coating or parkerizing is a process for coating the base metal with a.thin

phosphare coatin; which serves as a base or primer before painting or enamelling

orocess on iron and steel.

(vii) Anodising is an electrochemical process which improves the appearance and provides

an anti corrosion protection to parts made of aluminium'

(viii) Metal spraying or metallizing meons to treat with, especially to coat with a metal, to

impregnatewithameta|orameta|compound.Meta|lizingisthetermusedto
deiignite the process of metal spraying. Metallizing includes the preparation of the

basJ metal, the spraying of the molten metal on the base metal and the finishing of

the coated surface bY grinding.

Plastic Coatings

Metal surfaces can be coated wirh plastic to protect them from corrosion. Chemical plant

equipments, electroplating tanks, pipe lines, valve bodies which are exposed to corrosive

enviionment are coated with plastic. Normally used plastic coatings are PVC, Nylon, Polythene,

Polytetrd fluro ethylene (p-t-f-e).

llic.Coatings

Cenerally applied by electroplating, hot dipping such as galvanizinS, calorizing, phosphate

anodising and metallizing. (Spraying of molten metals)

ilectrically conductive surfaces.

(v) Calorising is

aluminium.
temperatures.

Metallic coating
is dooB byi

. Eloctro plaling

. Hot dipping

. Galvanising

' Tin coatrng
. Parkcri?ing
. Anodising
. Metallizing.
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Organic Finishes

organic finishing consists of coating a surface with a continuous film of an organic film
(film-forming) forming material such as paints, enamels, varnishes, lacquer, etc.

Inorganic Finishes

Inorganic coatings are made up of refractory compounds. They include porcelain enamels
and ceramic coatings composed of inorganic mineral materials which are fused to these metals.
They can be applied to both ferrous and non-ferrous surfaces

I MANUFACTUBING OPEBATIONS AS CONVERSION PROCESSES

Manufacturing operations are used to convert or transform inputs into outputs (i.e., raw
materials into finished goods). In general conversions or transformations may effect a chemical
change, alter the basic shape or form, add or subtract parts as in assembly and also include
supporting operations such as inspection, transportation and information/commun ication
operations. In manufacturing industries, there are experts or professionals (for example
engineers - mechanical, chemical industrial or production engineers) in the process or
technology in a wide variety of fields. These experts have knowledge about alternate ways of
accomplishing the desired manufacturing operations.

In mechanical industries, metal machining of basic shapes of industrial metals (such as
steel, aluminum, brass, copper etc.) and forging and castings is accomplished through basic
machine tool processes which involve generation of cylindrical surfaces, (turning opiration),
flat.surfaces (rnilling, shaping or planing operations) curved surfaces (mi ing) and hores
(drilling operation). There are a number of different types of machine tools to- accomolish
these various generalized tasks, depending on size and shape of the part to be machined, the
quality of surface finish required. accuracy (i.e., tolerance on dimensions) required and the
rate of output demanded in various manufacturing situations. In modern manufacturing
practices, many of the machine tool operations have been automated through a process which
combines computer instructions to the machine and are known as numerically controlled
processes.

CHARACTERISTICS OF MODERN MANUFACTURING

Specialisation

specialisation means the division of work or effort and this operates both at the worker
level and management level. At the worker level, individual worker works in trades
requiring a great deal of skill such as machinist, tool and die makers, welders, painters
etc. other workers do special semi-skilled jobs. Both skilled and semiskilled soecialisrs
are engaged in manufacture of a single product in large volumes (i.e. mass production).
The result of such specialisation is low cost of production and improved quality. At the
management level, management effort is divided into various special functions such as
research and development, design, engineering, finance, accounting, sales, purchase,
personnel, maintenance etc.

Mechanisation

Mechanisation replaces human labour (muscle power) by machine power (mechanical
power). The human skill is transferred to machine tools which carryout
various manufacturing operations. Advanced form of Mechanisation is known as
automation.

(i)

(iil



solve both engineering and

decision making based on

Services have increasingly aseumed an important role in the economic development of

i corntri"t, including india. Almost all developed countries and many developing

:ries are emerging as service economies with the service sector contributinS to more

50 percent of-the- gross domestic product of those countries. services are becoming a

rl source of wealth in many ways io the economies. Service industries also account for

oiit" gro*tt in new iobs. Many countries are shifting from a manufacturing based

,€@nomy to a service economy' The present age is an information age spurred by the inventions
'of 

the computer and advancemeni in telecommunications, As countries continue to shift

from an agricultural and industrialised economic base, the demand for services will continue

to increas-e. Advances in product technoloSy have led to a rise in the demand for services,

especially in maintenance services. Also cultural and social changes have occurred in many

societies causing a change in the attitude of individuals toward services'

Procelcc., Manlfacturing and Servke OCerations

Ure of lachnotogy of lndustrial Engineering

Industrial engineers have been able to devise improvements and to increase productivity

by eliminatiJn of waste and inefficiency, thereby increasing production and reducing

costs.

Increasing uso of Computor3 and Data Procersing Equipments

widespread use of computers in manufacturinS industries has made possible, the handling

of enormous amounts of data and the solving of complex mathematical problems at high-

ipeed. The range of application of comIuters include product design' control of

nianufacturing piocess, pioduction and inventory control, quality control' maintenance

control, inspection, accounting and pay rolls etc'

Uso ol tho Scientific Method

Industrial engineering, operations research or management science involve

quantitative (or scientific) methods and techniques to

managerial problems. Operations research is an aid in
quantitative analysir.

OPERATIONS IN THE SERVICE SECTOR

Services are those economic activities, which typically produce an intangible product

as education, entertainment, hospitality, government, financial, transportation and health

The service sector includes repair and maintenance, food and lodging, tourism,

rtion, telecommun ication, banking and insurance, trade, financial, real estate'

, legal, medical and health services, entertainment, government and other

occupanons.

As the world moved toward a global economy, the service sector has beconre a very

significant contributor. .Any maior economy that is not competitive in the services secto s

nlot competitive internationatly". Many industrialised nations export more services than

manufactured goods.

Sorvices Versus Goods

Services differ from goods in several ways:

(i) Services are usually intangible as compared to a tangible Sood'

(ii.) Services are often produced and consumed simultaneously, there is no stored inventory

of services.

Sslvics3 aro tho3g

oconomic actiYitigs
which typically

Drodrca an

intangiblo ptoduct.
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Four prinrary
characteristics of

servaces aae:
.Intangibility
. Perishabiliry
.Inssparability
. Variahility.

(iir) services are often unique, for examp/e investments and insurance poracies of individual
customers.

(iv) Services have high customer interaction. Services are often difficult to standardise, automate
and customer interaction demands uniqueness in the services desired by customers.

(v) Services have rnconsistent product definition.
(vl) services rtre often knowredge based e.g., educationar, medicar and regar services.
(vir) services are frequently dispersed, because many services may have to be frequentry

brought to the client customer.
Differences between goods and services are summarised in the tabre shnwn hern-,.

However, it may be noted that a crear cut distinction between goods and services is
difficult to make. In rearity, a| services are a mixture of a service and i tangibre good. Arso
the sale of many goods includes or requires service, for exampre, automobire saies has the
servrce components of financing and transportation. Many tangibre goods, such as office
equipments, computers etc. also require after-sales-training and maintenance services. When
a tangible product is not included in the services, :uch a service is ca|ed as a ,,pure Service,,,
for example, counseling, baby sitting etc., However, there are not many prru seruiles.

Primary Characteristics of Services

, Services posses four primary inherent characteristics not found in goods. These
characteristics are:

(r) fntangibility, (ir) perishability, (iii) inseparability and (iv) variability.
Although not all services possess all of these

them and some others that are the consequences
characteristics of services will provide some insight
service operations encou nter.

(i) lntangibility

Production and Operations Management 
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cha racterjst ics, they do exhibit most of
of them. The discussion about these
into the unique problems managers of

Most services are lntangibie. Tangible goods can be seen, touched, smelied, heard or
tasted prior to purchase unrike services. Most services are performances. services vary in the
degree to which they are intangibre. Services such as colege education, air traver, and sporting
events are highly intangible. The services can not be seen, touched, smelled, heard o, t.rt"J

are summarised in the table shown below:

Table 4.2: Difference between Goods and Services

Goods (Tangible Products) Services (Intangible Products)
6) Goods can be resold.

(ii) Goods can be inventoried.
(idi) Some aspects of quality are measurable.
(ju) gg11i.t i. disti.uct from production ofgoods.
(u) Goods are transportable.

fui) Location offacility is important for cost.
(uii) Often easy to automate production ofgoods.

(uiii) Revenue is generated primarily from the
taogible goods even if they are accompanied
by services,

(d./ Reselling services in unusual.
(ri) Many servicee can not be inventoried.

fiid) Many aspects of quality are difficult to measure.
(iu) Selling is often a part ofthe production ofserqice.
{uJ Service provider, not the service itself is often

transportable.

fui) Location of facility is not impormnt.
(uij) Service is often difficult to automate.
(uiii, Reyenue is generated primarily from the intangible. services even though there are eome goods which

are associated with services,
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plior to purchase. Services can only be experienced after purchase' However some servlces

lave tangible items which are usedio perform the service, for example' in.college *."ti'l]:ll
there are physical structures such as the buildings, and class rooms, furnitures and teaching

aids whicir can be seen during the visit to the college campus. For air travel, customers can

see airplanes, which will be used to transport them to their distinations'

AnimportantconsequenceofintangibiIityisthatfor.mostservices,purchasingtheservice
' does not result in ownership, whereas puirchasing of goods implies ownership' Other problems

caused by intangibility of services are :

Perishabilityofaservicemeanstheservicecannotbeinventoriedorstored'Mostservices'
because they aie simultaneously produced and consumed are considered .p:tlt|r^"I9 j-"j

r'an airplane or in a movie theatre can not be stored and

)letri"u"i for later use. Because of the nature of perishability, a service firm may have to cope

with fluctuating demand. lt requires that service managers allocate service capacity carefully

and attempt to lctively manage service demand. To reduce the negative impact of perishability,

it is neceisary to make simultaneous adiustments in demand, supply and capacity' At the

ootimum, demand will equal supply and supply will equal capacity'

(iiri) lnspearabilty

lnseparability refers to the simultaneous production and consumption of services' Coods

can be pioduced'and then sold later whereas services can not' They can be consumed only

when they are produced' Inseparability refers to (a) the service provider's physical connection

to the service being provided, (b) the customer,s invo|vement in the service production process

and (c) the involvement of other customers in the service production process.

Because a service must be performed and consumed at the same time, the quality of the

service is highly dependent on the ability of the service provider and the quality of the

interaction between the service provider and the customer'

(a) lack of ability to be stored.

(b) lack of protection bY Patents.

(c) difficulty in displaying or communicating services'

(d)' difficulty in pricing services.

Perishability

Variability

Variability refers to the unwanted or random levels of service quality t"ti?.t:: 
-t:::i":

ttr"y p.tionit" a service because of the human element involved,in pt:idilc 
-"-t-"11:^":

i"rvi." 
"tploy""s 

will perform the same service differently and even the sam" t"y]::
;;i;;;;il;;ting t"u"t' of service from one time to another' o"ttit:,:l-ll:

;;[;tit,; ;;;;;;i;-;;""1"i."', stindardisation and qualitv control are 'f" ,tlilll:
;;;;;;;;;;ri"uiiitv i' .r'. l.lled as "ieteroseneirv'' Problems due to variabilitv

characteristic of services can be reduced bv (a,l customising the service to meet each customer's

specifications and (b) standardising the service.through intensive training of service

andlor (c) replacing human labour with machines or automation'

PBoDUCTIoN 0F G00Ds (MANUFACTURING) VEBSUS

SERVICE OPERATIONS

Production of goods results in tangible output, whereas service operation implies an act

Derformance which will result in intangible, perishable products'

Intan0ibilitY:
Ssrvicos caonot bo

rgon, touchod,
Emolt, hoErd or

tastsd unlikE goods.

Pstishability;
Ssrvicor can not bs

siotod ol
invsntorisd,

lffispatibility:
Scrvicss aro
producsd and

contumod
rimulianoously.

338U1
variabilitv:

Curtomots rocoiv6

unwantod ot fandom

lovol3 ol sotvice
quality bscausB ot
tho human slomenl

involv8d in ploviding

a soruice
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fsnutackring
atrd sorvico

o(griilation. diltsl
in $e lollowing:

. Cuslomsr conttact

. Udfomity ot input

. labour co|ttor of
iobs

. Unifo.nity ot
outprt

. locatiol ol facitity

. lloas!]omo ot
prodoctivity

. Si||lh.noous
production and
dclivcr$
cofltuDption

. (balily assurancs,

Manufacturing and service are often simirar in terms of what is done but different interms of how it is done. For gy.amnle, both involve d"rign 
"no 

operating decisions. Bothinvolve decisions. regarding facirities needed, rocation oi tfie facirities, schedure and controloperations and allocation of scarce resources.
Manufacturing and service organisations differ in the following:
r ' customer contact, 2. Uniformity of input, 3. rabour content of jobs, 4. uniformity ofoutpyt,..5' rocation of facility, 6,. measurement of productivity, /. simurtaneous productionand delivery/consumption and g. quality 

"rrurun.u.These differences are discussed in detail in the following paragrapns:
'l ' often services invorve a much higher degree of customer contact than manufacturing.Most customers for manufactured goods have liftle or no contact with the productionsystem. However in many service organisations, customers themselves 

"ru;";;;;;;active participants in the. process. On the other hand, manufacturing allows 
" 

,"p"r"tioibetween production and consumption, so that manufacturing can 6..r, u*uy ior'ri"consumer' This permits a fair degree of frexibirity in serecting work methods, assigningjobs, scheduling work and exercising control over op"i"iionr. In service operations, theservice providers are in direct contact with customeri and have a rimited range of opiion.Also, sometimes, customers are part of the service ,yr,", tu.g., self service operations)and hence tight contror is impossibre. rn add;tion proJult oriented operations can buirdup inventories of finished goods which can be herpfur to meet varying demands. serviceoperations can not buird up inventories of service trme and are more sensitive to demandvariability.

2' Service operations are subject to greatervariabirity of inputs than manufacturing operations(e.9., patients, automobile for repair, client for lawyers etc.).
3' Services often require a higher rabour content whereas manufacturing can be mechanised(i.e., more capital intensive).
4' variability in output is less in manufacturing of goods because of high mechanisation orautomation (eliminating human errors) whereaiservice output is more variable due tohuman element in the service operations (except in case of automated services suci a,ATM booths etc.).

5' Another distinction is in terms of rocation and size of an operation. Manufacturing faciritiesoften serve regionar, nationar or internationar ra*"tr 
"na 

require rarger facirities, moreautomation and Sreater capitar investment than for service faciritiur. s"iul" o.g;;;;;,requiring direct contact with customers must be located relatively 
"""r".' 

,h"i;;;;;;;;;;.
6' Measurement of productivity is straightforward in manufacturing due to high degree ofuniformity of most manufactured items. ln case of service operations, variations in demandIntensity and variations in requirements from job to job make proirctiuiiy-m"";;;;;,

more difficult as compared to manufacturing.
7' In many cases, customers receive.the service as it is performed (i.e., simurtaneous productionand consumption of service) unrike in .ur" or ,n"nli".trring wnere there is a time gap.8' Quality assurance is more chatenging in services when production and consumptionoccur simurtaneousrv' Arso higher variabirity of input in services affects q""ritt;iil;;i.In case of a manufacturinS system, variability in inputs can be controlled and defects inoutputs can be corrected before the customer receives the output.

Similarities Bstwoon Manufacturing and Services
Despite many differences, there are some simirarities between manufacturing and serviceoperations, which are compelling. The similarities are:



(i)

(ii)

(iiD

(iv)

(v)

(vD

(vii)

Managing in Real-Time: Many services happen in real-time. They cannot be delayed or

putoff. For-eximple, aircrafts coming into land cannot be put on hold while controllers take a

brcak. Also, during a service encounGr it is not possible to undo what is done. In manufacturing

operations it is poisible to scrap defective products and remake them, but in service operations

it is not posslble to undo defective service rendered to a customer' For examplq a wrong surgery

done on a patient may kill the patient. Managing resources, managing staff, and employees and

creating an appropriate culture are key tasks in managing real-time services'

Knowing, lmplementing and Influencing Strategy: Operations which are the "doing"

of the business are aslo responsible for implementing the strategy of the service

PtoductionProcesses,ManufacturingandServiceoperations

Manufacturing firms do not iust produce goods and service firms do not iust offer services.

Both types oi organisations normally provide a package of goods and services' For

.*.rpi", customers expect both good service and good food at a restaurant and both

good service and quality goods from a retailer.

2. Even though service providers can not inventory their outputs, they must inventory the

inputs for their service outputs. For example, hospitals must maintain an adequate supply

of medications, appropriate strength of doctors, nurses and supporting staff'

3. As for customer contact, there are some services, which have little outside customer contact

such as the back-room operations of a bank or the baSgage handling area at an airport.

From the above discussions regarding differences and similarities between manufacturing

services, it is clearly evident that operations management is relevant to both manufacturing

service operations.

THE CHALLENGES FACING OPERATIONS MANAGERS:

The key challenges facing service operations managers are:

Managing multiple customers

Understanding the service concept

Managing the outcome and experience

Managing in real-time

Knowing, implementing and influencing strategy

Continually improving operataons

Encouraging innovation

i) Managing short-term and long-term issues simultaneously

These are briefly explained in the following paragraphs:

Managing Multiple customers: Many service organizations often serve heterogeneous

of customers, in different ways and different types of customers. Understanding who

ire the c"rious curtomers, understanding their needs and expectations, developing relationships

with them and managing the various customers are key tasks for service operations managers.

Understanding the service concept: There may be differing views about what service

an organization is ielling and/or the customer is buying. ArticulatinS and communicating the

3grvii concept is critical for classifying the or8anisation's service product to all its customers

and for ensuring that it can be delivered to customer specification'

Managing the outcome and Experience: For many services, there is no clear boundary

between eioeiience and the outcome, for example, customers in a restaurant are buying both

meal and the way they are served. The intangible nature of the experience provides

lar problems for both specifications and control. some organizations try to mange the

inangible parts of the service by attempting to make them more tangible'
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organization. Service operations managers must understand their role, not only in implementing
strategy but also in contributing to it or influencing the strategy. Service operations managers
need to provide the platform for their organizations for competitive advantage through
competence in service operations.

Continually lmproving Operations: Service operations managers are faced with a
challenge of how continually to improve and develop their real improvements. They should
manage the increased complexity resulting from change and also improve efficiency as well
as quality of service operations.

Encouraging lnnovations: Innovation looks for what is new rather than improving the
existing service operations. Therefore, innovations usually require an element of risk- financial
risk because innovations require time and money, and personal risk for service managers who
champion change putting their reputation on the line. Service operation managers should be
alert to, and seek out new ideas and also have the will and support to assess them carefully
and follow through if appropriate.

Managing Short-term and Long-term lssues Simultaneously: Organisations are under
pressure to perform in the short-term which leaves little time for medium-term ooerational
improvement or long-term strategic planning. Many service operations managers focus their
time and effort on managing dayto-day operations to ensure the delivery of an appropriate
quality of service at an appropriate cost. As a result, the development and strategic aspects of
service operations management are frequently neglected. service operations managers must
pay attention to both strategy and detail of process and resource management to create and
sustain a successful service organization.

I ouEsTtoNs
1. Distinguish between manufacturing operations and service operations.
2. How are manufacturing processes classified?
3. Define the term 'Heat Treatment' and state its purposes.

4. Distinguish between annealing and normalising.
5. What is 'hardening' process? What are its requiremenls? Why ,tempering, 

is done after hardening
process?

6. What are the various methods used in case hardening? What are their advantages?
7. What do you understand by the term 'surface treatment,?
8. Distinguish between electroplating and hot dipping process.

9. Differentiate between 'fabrication' process and 'metal working, process.
10. What is grinding process? Why it is used?

11. What do you mean by 'forming' processes? Give examples.
12. What is anodising process? Why it is used?

13. Discuss the role of manufacturing operations in conversion processes

14. Discuss the characteristics of modern manufacturing.
1 5. Discuss the importance of service industries for the development of the economy of a country.
16. Discuss the differences and similarities between manufacturing operations and service

operations.
'17. Describe the primary characteristics of services.
18. Distinguish between goods and services.
19. Briefly discuss the challenges facing service operations manaters.

*****


