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1.1. MATERIAL SCIENCE : ¢

Material science 1s a combination of two words materials and science. ‘Material
science Is the systematic study of different materials, their structures, properties __gg_d
applicali()?lg Lo engineering. The ultimate aim of engineering is the practical application
of materials in the manufacturing of components and machines. To achieve this goal,
selection of right material for the right job is thé most important step. Selection of
right material requires a deep knowledge of different materials. Material science
deals with all these things. It is an applied science which is concerned with relationship
existing between structures of materials and their properties. It concerns with the
study of maltcnials entirely for practical purposes.

In matenal science we confine our attention to solid materials so this subject 1is
related to solid state science. Engineering 1s the 4rt of application of various conclusions
and results drawn from pure sciences. Different types ! maltcrials are required to

suit the specific requirements and applications in engineering. These materials are
called engineering materials.

1.2. CLASSIFICATION OF ENGINEERING MATERIALS :¢

On the base of mode of occurrence engineering materials are classified as
under :—

ENGINFERING MATERIALS
| :

.
METALS AND ALLOYS. CERAMICS AND GLASSES -ORGANIC POLYMERS -
| (MgO, ZnO, concrete,

| cement, silica)

FERROUS INON- THERMO  MISCELLANIOUS THERMO
FERKOUS PLASTICS SETTING

(1) Wiought Iron (i) Copper (i) Pa]ythéne (1) Wood (1) Phenolfurfural

(i1) Mild Sicel (ii) Aluminium (it) Polyvinyl (ii) Rubber (i) Polystrenes
(111) Alloy steel (1i1) Zinc Chloride

METALS AND ALLOYS : Metals are the polyerystalinc bodies consisting 0i
great numbers of fine crystals (107! to 104 cm size). These crystals have differen:

orientation with respect to one another. So metal 1s an elemental substance.




Properties of Materials

1. INTRODUCTION :

Engineering is the art of application of various conclusions and results drawn

om pure science to practical problems. Different engineering applications require
fferent types of materials. It is essential that the design and production engineers
ust be familiar with the properties of materials. Sound knowledge of the properties
" materials is desired, in order to design and manufacture sound components and
ructures and to avoide faliures during use. Metals and alloys have var' ,us physical,

)emical, mechanical, electrical and other properties. A brief review of *.cse properues
11l follow 1n this chapter.

2. CLASSIFICATION OF PROPERTIES OF MATERTALS .
The properties of materials are generally classified as tnler :—
PROPERTIES OF MATERI ALS
b N R o B ) R
{ECHANICAL PHYSICAL THERMAL ELECTRICAT CHEMICAL MAGNETIC
PROPERTIES PROPERTIES PROPERTIES PROPLRTTES PROPERTIES PROPERTIES

() Strength (i) Lustre (i) Thermal () Electrical (i) Corrosion (i) Permeabilnty
ii) Elasticity (i) Colour conductivity  conductivity (ii) Coercive
i) Ductility - (iii) Melting (1) Coeificient(ii) Resistivity. forces
iv) Malleability point of linear (i) Temp. coef¥. (iii) Hysterisis
(v) Toughness  (iv) Density *Xpagnsion of Resistance
(vi) Brittleness (iv) Dielectric
vii) Fauigue strength
viii) Creep (v) Thermo
ix) Stiffness electricity
(x) Damping capacity. (vi) Super
conductivity

2.3. MECHANICAL PROPERTIES :

Mechanical properties can be described as the behaviour of materials under

-Xternal loads. These are of great importance, particularly to the design engineers.
Following are some mechanical properties.

1. Strength : Strength of metals is the ability to withstand various forces to

6




— ; hit € %
‘-51111.'1 1 Hl”"!tthh I.H. { "
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h) Compressive St ength
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(c) Shear Strength.
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(a) Tensile strength (b) Compressive strength (c) Shear strength

Fig. 2.1. Different types of loading
ding behaviour of metal is different. it depends

torsional and also depend: on the rate of
depends on temucrature. of test

Under different conditions of loa

whether the load is tensile, compressive Or .
application of load i.e. impact, stalic Of cyclic. It

also.
2. Elasticity : It is the property by virtue of which a hody (opos.s permanent

elongation. .
A material is said to be perfectly elastic if the whoic at stress produced by load
disappears completely on the removal of load. A

The relationship between stress and strain can oe snderstood with the help of
stress strain curve. It is a graph plotted beiween ne ¢ ferent values of applied load

(along ordiante) and the corresponding values 0i csulting strains (along abscissa)
during the tensile test of material specimen. ioliowing 1S the description of stress
strain cCurve.

OP-Proportionality limit (Tlooke’s law obeys), OE-Elastic limit (Slightly higher
thar}{).P.)
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Slope shows ‘
' stitiness
area under stress-strain curve .
show toughness
O T -

—  Strain

~ Stress

Fig. 2.2. Stress-strain curve for ductile material
Upto point E elongation takes place and disappears completely on removal of load

Bffyond elastic limit there is plastic deformation and Yield point shows sudder
extension.

Yy~-Upper yield point, Y -Lower yield point.
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M-Maximum stress (ultimate tensile SIress).
B-Breaking stress. (The specimen fractures at the point B.

Stress-Strain curve for different Metals

Hardened Tool Steel

a Annealed 3

8 Tool Steel 8

7 7

Annealed

6 Nickel Chrome steel 6 Aluminium Bronzes
a3 Untreated % -
= 4 steel £4 Brass Orasdened)
z Mild Steel = .-

3 Brass (Annealed)

2 2 Rolled and Annealed copper

: Wrought : Rolled Aluminium

lron
Shrain——5 Strain ——-
For Ferrous metals For Non-ferrous metals

Fig. 2.3. Stress-Strain Curve

Young's modules (E) is the proportionality constant between stress and strain for
astic materials. E is the indication of flexibility. Small valuc «. L shaws flexibility
~material and large value of E shows stiffness and rigidity of material.

Values of Young’s modulus for different materials are shown in following table.

Lead = 0.18 x 10%kg/cm? |  Copper = 1.2 x 10°kg / cm?

P Tin = 0.42 X 10° kg / cm? Wrought iron= 1.97 x 10° kg / cm?"
/\ ' Aluminium= 0.72 x 105 kg / cm? Mild steel = 2.1 x 106 kg / cm?
| Cast iron = 0.98 x 109k / cm? . Tungston = 4.3 x 10°kg / cm?

3. Duectility : It is the ability of 2 metal to withstand elongation. Due to this p o

_ i e

:operty the metals can be drawn into wires. Ductility of a material is measured by

o e a

rcentage elongation and the percentage reduction in  area before rupture of the Sfccl‘h'r:n
ecimen. Ductility o/ matenial is due to Plasticly. Ductility of niaterial relates to-its dw.Hih!
. _ & al .

ity to be drawn intc wires without rupture and _without loosin much*strmg_th.
uctility is a tensile characteristi tility of a_material is indicated By percentage -

g e - - & . \—ﬂ—————-—-__
ongation before neckin € test of material.

Ductility of materials depends upon ;—
(1) Hardness of material

W ————— . — = — ——

(2) Heat treatment-
(3) Toughness or Tenacity.

Gf:-ld }s most ductile followed by platinum and silver. Ductility of some common
aterials in decreasing order is given as under - —

Gold > Platinum > Silver > Iron > Copper > Aluminium > Nickel > Zinc > Tin.
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i Malleability : This is the property by virtue of whichi a e N@J ‘may be

hammered or rolled mnto sheets without rupture. Malleability requu s thai ~ o

must be plastic. Malleability i1s due 1O plasticity. Malleability can D¢ defined &
ability of a material for being flattened into sheets without cracking. Mal. m*nluv sa

compressive characteristic. Malleability and ductility are indicative of the Iact that
stoms of material have capacity of slipping with respect to one another. Some
~ommon metals in decreasing order of malleability are as given :—

Gold > Silver > Aluminium > Copper > Tin > Platinum > Lead > Zinc> [ron.
5 Hardness : Hardness is the property of a material by virtue of which 1t

- »

resists_indentation, penetration, machining, wearing or scratching. Hardness is determined
by following numbers.

Hardness of some Typical Alloys.

S.No.| Alloy Rockwell (B Scale) | Brinnle Vickers

——

1. | Wrought iron 57 100 e
2. | Annealed Low Carbon Steel 55 .

3 White Cast Iron — X l

4. | Grey Cast Iron 98

) Rockwell Hardness : Rockwell hardness testcr, measures the depth of mdentation

of a suuabke penetration under certain conditions. Liardncss number i1s read on the
B-scale (if ball 1s used) and C scale /! cunical diamend 1s used). The scales are
calibrated in such a way that smal'cr pepciration gives higher reading. The test
parameters for both scales are as under. '

(i) B-Scale : 1/16" wiameter Haicdness steel bell loaded with 100 kg.

() (- Scale : Dixmona cone having apex angle of 120° and 150 kg is
used for C scale. ,

The depth of Inden(-tion g2ives the .ndication of hardness.

(b) Brinnle T{.rdness - Thus test is done with the help of 10 nim dia steel ball
indenting against s. face. i1uc load is applied gradually and increased to the required
value Dby hydraulic s) *em. Standard time of loading is 15 sec. for ferrous metal and
30 seconds for non ferrous metdls. Diameter of impression is measured and Brlnell
hardness number is calculated by the following formula : —

o )

. 2P
/"y B.H.N. = kg / mm’
i :{Lt-r s Hardness : It empioys a diamond pyramid under v varying loads
lo 250 kg. Pointed diamond is pushed perpendicularly into the surface by a

f DL(D - J(D? - d%)
Where ' — S —

P—Iload applied in kg.

U—dia of ball and d-dia. of the indentation in mm_

ateral
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»

ndard load Hardness is represented by vickers pyramidal number (V.P.N.)

(.72
r

V.PN =

Where,
P—Standard load in kg

d—Ilength of diagonal between the corners of rectangular impression.

6. Toughness (Tenacity) : Toughness is the strength with which the material
spposes rupture. It is due 1o the attraction between molecules. This attractive force
fesists tearing. The area under stress strain ¢ shows toughgess i.¢., the energy
which can be absorbed by the upto the point of rupture.

Toughness 1is also known as the ability of the material t> resist impact. The
value of toughness is very useful in the selection of 2 materia’ ~..:~ impact loads are
frequenty applied.

7. Brittleness : Lack of ductility is called brittle wss. ' . oody breaks casily
~hen subjected to shock it is said to be brittle. TF: \rule netal fractures without
much elongation. A brittle metal posseses lesser 1 up’.a->> A brittle metal
cracks and breaks on the application of suddru » 3! 75 explain it, let us
example of Cast iron, which is brittle t <wficicatly strong material.
suddenly as soon as stress strain crive ¢ovialc® from straight line.
materials should not be considered as 'ac’.ng .. strength. It only shows the lack
plasticity. It can be considered as the opyposite of ductility.

8. Fatigue : Fatigue is 'he phenominon that leads to fracture under condition

repeated loading or fluzsting ‘oad. The stress at which the material fails
fatigue 1s called fatigue -stic neth.,

Fracture (akes place u der =peated or fluctuating stresses whose maximum

o tess thay e keose 2™ 0th of material under stcady load. The m faliure
1wavs shioe s a bl"“l:t ‘rﬁlllﬂ.‘.

The prenvounon of fatigue faliure is very important. The components which are
-ubjected 1o repeated load, as motor shaft, gears, rotating machine parts, are designed
by considering this phenominon. Under the conditions of dynamic loading in the
wetsl part, st the point of stress concentration there is some dislocation movement.

As 4 result of this a minute crack is developed. This crack grows and propagates with
cvery cycle of loading, leading, ultimately to a brittle M"

Fatigue fracture is progressive. It begins from minute cracks that grow under the
action of fluctuating stress.

Factors effecting fatigue :
1. Higher the surface finish of component, higher is the fatigue strength.
»2. Compressive stresses finish increases the endurance limit.

» .
R PN
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Fig 2.4. Fatigue life Curve

Cndurance limst and Fatigue limit are defined as the i *x.-v.z 3 ress which cas
ppiied repeatedly without causing failure. Efianc> |~ 4 decrez
‘ecarburization and increases by carburizing, hardenine -wridh . or cold working of

ne surface. The value of the endurance limit for sorr: < —mom materizls are as

. No. Matenal Tens ¢ Qt;-‘r.gth _ Fndurznce i

_—-“lf—:'
NG

Free :.a.:.::.g steel (0.15750) g 18 11 10
' Me<ium Carbon steel (0 6 =C) 70 32 ) T,
: Spring steel (0.7 % C, 200 &0 49

.-: Srass (37 % Zu Resi Tu) 50 11
- Wialleable Cast Iroc 32 15

-

-

Cr ' ,
). Creep ” Crech is the slow plastic deformation of metal onder onsianl SIress
- > 1 — —
r ander proionged loao.¢. Creep is specially taken into considerazion while designmny

-

sngmes, boilers and turbmcs Creep failure refers to the :':*.I:;:":: f cumponents

-

1

.

G EeT TESE COot WII100s .

-

FECP pacmomunon takes place under constant sitress m the followwme thres
i.}i‘: | | # = -=-l--.:- e ol S
,-'-.
Fiaaary Eiﬂgﬁ
L) Secondary stage
>1 a4l vV stage
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Secondary Tertiary |
Creep , Creep \(

C,UYVBW ;

Instantaneous
elongation

O U  cstinqustians

Fig. 2.5. Various Stages Showing Creep Formaticn

Ihe first stage of creep is called primary creep. It represenis 3 region of
decreasing creep rate. In this creep resistance of material wicreases by virture of its

e

own deformation. The-Second stage of creep is known 2s secondiry creep. In this

= o

period creep rate is constant. It is also known as steady— sate cre=p. The third stage
of creep occurs at an accelerated rate. In this stage rate of extension accelerates and
fmnally rupture takes place.

~ The creep strength of a metal is dbﬁnéd as the limitiag stress below which creep
is 50 slow that it will not result in fracture within any finite length of time. As the
femperature increases, creep strength and life is reduced.

below [hﬁ_Ela_§t}F€3_ imit.) It is indicated by slope of stiess strain curve. Greater the
slope lesser is stiffnéSs”The opposite of stiffness is called flexibility. The degree of
stiffness of a material is indicated by the young’s modulus if it obey the Hooke's law
by rr}odt{lus of elasticity, in case of tensile and compressive stresses. Modulas 0;“
rigidity in case of shear stress and Bulk modulus in case of volumetric defonnation.

3 ] -

| ———

on whu_:h the extent of elastic deformation or deflection under load is significant. ~
Under the constant load smaller the elastic deformation the stiffer is the material

' § 5 : Dmpmg (‘."',apaﬂcity + It 1s the ability of a material to absorb mechanical

-—
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12. Resilience : Resilience is the capacity of materials to absorb cncrgx

the elastic limit. On removal of load the energy stored is given off. Thc aximuf,
energy which can be stored in body upto elastic limit is called proof resilience. Proot ™

resiliency per unit volume is called modules of resilience. This property indicates the
capacity of a material to with stand shock load and vibrations.

2.4. PHYSICAL PROPERTIES :

1. Lustre: It is the ability of a metal to reflect light when finely polished. It is
also known as brightness of surface. Lusters of some metals/alloys are as under.

Aluminium, Antimony, Zinc, Gold,} —Bright

Silver, Stainless Steel _ N\
Chromium —Shining

Tin, cobalt, manganese —Metallic
Copper, Chilled cast iron —Bright \feta'lic
Grey cast iron —Dul! -

2. Colour : Many metals have specific colours that distinguish them fro
others. For example, brass and gold are yellow, siiver 1s white, copper is reddish
brown, alvminum is white, Tin is silvery white. Grev Cast Iron is greyish black.

3. Density : It is mass per unit volume of substance. The metals having more
weight per unit volume are said to be of higher density. Metal having less wt. are of
lower density. Aluminium, magnesium are hight wt. metals.

Iiensity otj alloys is somewhere- in between the density of parent metals.

4.: Mdting Po?nt : Meltiog point of metal is that temperature at which a solid
material is changed inio liquid. Pure metal posseses a specific value of melting point.

Low melting point metals are vsed in safety devices like fuse plug, fuse wires,
beiler safety devices eic. | ' '

Following are some common examples of low melting point metals and alloys :-
Lipowitz alloy (Bi—50%, Tin—13% , Lead = 27%. Cd = 10%)

Rose's metal (Bi—50%, Tin 22%, Lead 20%)

Necoton's alloy (Bi—50%, Tin 19%, Lead 31%)

tigh melting point metals are iron, nickle, tungston, chromium. maganese elg.
M.P. of some common metals are as under.

/

Aluminium = 659 °C [ron = 1335 °C
Chromiym = 1615 °C Cobalt = 1480 °C
N{ol’ebidm%mm = 2620 °C Tungston = 3410 °C
Tin’ = 232 °C Nickle = 1452 °C
lead = 327 °C - Copper = 1083 °C e

Silver = 960 °C -
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2.5. THERMAL PROPERTIES : " S
These are the properties which are the function of iemperaiure m’ﬁ e

I. Thermal Conductivity : The property by virtue of which the flow of h:dm‘ﬂ
takes place from one end to another is called thermal conductivity. Thermal conductivity
of a metal may be defined as the number of kilocalories of heat that would flow per
second through specimen having cross section of Im* and Im length, when the
temperature gradiant is 1°C. If conductivity of copper is 100%, the relative conductivity
of other metals are as under :—

Metal Conductivity - Metal Conductivity
Lead 8 Zinc 29

Tin 135 | Magnesium 39
Platinum 16 Aluminrum 62

[ron 17 _ Gold 7
Cobalt 18 Coprr 100
Cadmium 23 S er 106
Nickle 2

2. Linear Coeélicient of Expansion : i. ¢ ’:fined as the increase in length
per unit length for each degree rise in ‘cmperature. This property is considered when
the metal is exposed for a change of wermpcrature. For example engine piston,
accurate fitting mechanism efc. A!l bodies zenerally expand on being heated. When
a solid 1s heated it expands in all directions. The expansion in any direction is called
its linear expansion, the increase in area is called surface or superfacial expansion
and increase m volume is called volume or cubical expansion. Amount of thermal
expansion depends op ¢ interatomic forces.

2.6. CHEMICAL PROFERTIES -

Corrosion Resistance : Cerrosion is gradual chemical or electrochemical attack
on the mieral by its surroundings. The metal is converted into oxide, salt, or other
compounc. Corrosive media includes air, industrial atmosphere, acidic, basic and
salt solutions

Due to corrosion a metal loses its strength, ductility and other useful mechanical
properties. Corrosion depends upon many factors such as nature, composition and
temperature of the corrosive agent, dissolved gases and impurities in the metal.

2.7. ELECTRICAL PROPERTIES :

l. Electrical Conductivity : It is the ability of a material to permit the flow of
electricity. It is denoted by o :—

Ensey
A
Where, c—conductivity, R-Resistance of conductor, .

[—length of conductor, A-Area of conductor. e 3



S
Valency electrons which are free to move are the cause of electrical € ondu ity _
As temperature increases electrical conductivity also increases. -

1 heat 2 Electrical Resistivity : It is the property of a material by virtue of wi
ictivity  resists the flow of electricity through It.
S e R.A B
en the Resistivity, K = o ~
ICtIvity |

Causes of resistivity is resistance of material, presence of impurities, and stress E
=  in metal due to cold working. |
e 3. Temperature coefficient of Resistance : It is used to specify the variation of

resistivity with the temperature.
| - 0 =00 . \/
Bl § e .
M i
Where ; ~ 8-Resistivity at temp. T
5,-Resistivity at temp. T, :
T and T, are taken in °K. \

:‘"""m 4. Dielectric Strength : It is the insulating capaciiv of = material against high
.-nhg -voltage. If the dielectric strength is more, the material ¢an withstand sufficiently high
“;Ofln voltage field across it before break down occurs and it conducts electricity.
S d ' ve . . . - & a
Vhen 5. Thermo Electricity : If two dissimilar metals =:r¢ joined and the junctions are

alleg  kept at different temperatures, a small voltage (in mili volt range) is produced, this
sion  cifect is known as thermo electric effect.

rmal The Reverse is called Peltier effect.

/ - . |
6. Super conductivity : Some metals and compounds lose their electrical
- resistance before absolute zero is reached and becomes superconductor. Super

e conductivity refers to the phenominon of sudden drop,of resistivity of s metals at
‘; a temperature above absolute zero. \
ther

= This temperature is called transition temperamfe. Transition temperature of\some
metals are given below :—

okt X Titanium = 0.4° K Niobium = 9.2 °K

and /. Aluminium = 1.17 °K ’ NbH = 14 °K 0™ ‘
2.8. MAGNETIC PROPERTIES b '

Th? materials in which the state of magnetisation can be induced are called

vol  magnetic materials. Such materials create a magnetic field in the surrounding space.
.The magnetic properties arise due to spin of electrons and orbital motion of electrons
around the atomic nuclei. In several atoms the opposite spins neutralise one another

but when there is an excess of electron spinning in one direction it produces magnetic

etic materials attract the lines of force strongly. These materials can
magnets. Iron, nickle, cobalt are some examples.

/
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| at t*
| Para magnetic materials attract the lines of force weakly. Aluminium, pl
and oxygen are ‘iﬂfflt cxamplcs
Diamagnetic materials repel the hnes of force slightly. Bismuth, silver,
and hydrogen are some examples,

-

(i) Ferro-magnetic (ii) Para-magnetic (iii) Dia-magnetic
Fig. 2.6. Magnetic Materials
Some important magnetic properties are :-—

(1) Permeability, (2) Coercive force, (3) Hysteresis.

1. Permeability : It is the ratio of flux dersity in a material to the magnct
force producing the flux density

l"l.;-_..ll' “ h L L_n. 5, e
-’- H "
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a L u‘_.l
LB _"-.t'l
j

4 L “lux dmmty
ErmMEeadUILYy p = magnetising {orce producing flux density {: )

Metals with high peineability are used for electromagnetic transformer s
etc. Hypersil (4 % Si) has pcrmeability of 70,000. For good magnetic propcrtl
grain size of metal should be laipe and work hardening strain should }wt be prt¢

2. /éocrciu Force : It is defined as the
magnetizcing force which is necessary to
neutralise the residual- magnetism in an

clectro-magne! after the value of magnetising
force becomes zero. ‘

in the curve shown.
OC—Residual magnetism.
OD—LCoercive force.

3.~ Hysteresis : It is the property of
magnetic materials due to which the energy is

dissipated in it on reversal of its magnetism. It o
may be defined as the lagging of magnetisation j
(or inductive flux density B) behind the Fig. 2.7. B-H Curve

magnetising force (M).
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For every engineer a thorough knowledge of the manufacturing processes s
essential. This would help him to appreciate the advantages, limitahons and
capabilities of the process. With such knowledge, he would be able to assess the

feasibility of manufacturing a particular product from his designs. Further, he
would be able to select proper processes, which would require the lowest
manufacturing cost and would manufacture the product of requisite quality A
slight modification in design to suit the particular manufacturing process would
also be possible.

Manufacturing processes are of two basic types

(1) Processing Operations.
(2) Assembly Operations.

A processing operation converts a work material from one State of completion

to a more advanced state which is closer to the shape of the desired final product.

- Thus, it changes the geometry, appearance or properties of the starting material
and adds value.
An assembly operation joins two or more parts/componer. - {0 Create a new
entity, which is known as assembly or sub assembly or some sthe - &~ concerned
with the joining process. Figure.1.2 shows the voa; 7 cla-sification of
manufacturing processes.

1.6.1 Processing Operations

As shown in fig.1.2, these operations hiave {.ree distinguished categories as
follows:

(1) Shaping Operatiors
(2) Surface Opa'thms |
(3) Processes Affecting C}unm in Plopu-ﬂa

(1) Shaping Operations: Must of the shaping operations utilize heat or mechanical
force or a combination ot the two to effect a change in the geometry of input /work

matemLOnﬂnequof&\estatedmﬁngmunLﬂmpmmw
as follows:— e M

(1) Casting Processes
(2) Powder Metallurgy

(3) Forming Processes

(4) Material Removal Processes

Casting Processes: These are the processes where metal is used in liquid form.
Siarhngmatenalsareheatedsuﬁdmﬁytotramfmnith\toahq\ﬂdmt Molten

metal is poured into the mould cavity and allowed to solidify. The object after
solidification is taken out from the mould. To manufacture a wide variety of

i
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' Mechanical fastening
processes

Processing
operations

P . | & Processes affecting
| Manufacturing change in properties
. processes ey

e ¥ el

Permanent joining
processes

Assembly
operations

Mechanical fastening
processes

Fig. 1.2(a):

| Powder metallurgy

Forming proébsses |
Shaping Processes
. - 0O 4=
‘»l_:leamng and surface treatment

Surface processing
op;rations

e ——

Coating and deposition processes
=

r

‘

Heat treatment

]
Welding processes
Brazing and soldering -

Permanent fastening methods

| Processing affecting charnge
' in properties

L .

Permanent joining processes

Fig. 1.2(b)

Fig. 1.2: Classification of Manufacturing Process
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used as the refractory material, is the princpal process among these operations.
The process is equally suitable for batch and mass production processes. Some

- - T A I ‘-I'; . ha
ATE as 101LIO0WS

special purpose casting processes are as Iolows:

(1) Permanent Mould Casting
(2) Centrifugal Casting

(3) Die Casting

(4) Shell Mould Casting

(5) Precision Investment Casting
(6) Plaster Mould Casting

Powder Metallurgy: Items/ goods are produced by pressure and heat in powder
metallurgy. Usually, the two stages i.e. of pressure and heating are separate and

are termed as compacting and sintering stages respectively.

Forming Processes: These processes are faster and have minimum material wastage
in which the metal is heated to a temperature slightly below the temperature of
solids and soon after, a huge force is applied so that the mz‘erial flows and takes
the requisite shape. The processes are generally econor.cai 2nd in some cases,
improve the mechanical properties also.

Some commonly used forming processes are:

(1) Extrusiont - - — - - - 3
(2) Rolling
(3) Ferging - — - - . (1) Dropforging

di) Press forging
(i) LUp set forging

= :
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good surface finish, these processes are widely Wuﬂized; Some ofm
processes normally used are: ) | .

(1) Turning

EZ; Milling

3) Shapin and palming
(4) Drillirtgg

(5) Grinding

(6) EDM

(7) ECM



(3) Bl’n.h‘hln};
() | ltrasonic machining \.

These operations 1 wlude

(1) Cleanung
(2) Surface treatments
(3) Coating and thin film deposition processes.

-

Cleaning means removal of dirt, oil and other contaminants from the surface
bv chemical and mechanical processes.

" Gurface treatments means mechanical working operations such as sand
blasting, and physical processes like diffusion and ion implantation. During the
coating, material is applied to the exterior surface of the work piece. Thin film
deposition operations include physical as well as chemical vapour deposition
in order to form extremely thin coatings of various materials. Cornmon coating
processes include anodizing of aluminum, electroplating, org,inic coating and
porcelain enameling.

Coating operations are most commonly done in ¢a5c of metal products/
parts and rarely in case of ceramics and polymers. T{:w may reasons to apply
coatings to the surface of the product are:

(1) Corrosion Protection
(2) Better look, colour and appear»™
(3) Wear resistance

(4) Preparation for further proce sr g

(3) Processes Affecting Chang: in Properties: These processes are employed
td improve physical and p cha:‘cal properties or impart certain specifi

properties to the work mz ‘eria, ' mu e it suitable for particular operations or
uses. Most of the phy. ‘cay jropertivs like hardening, softening and grain
refinement etc. re. . "~ nax: ‘war heat treatment, not only affecting the physical
characteristics but .. a majoity of the cases, providing a marked change in the
internal structure of . metal. A few prominent operatiohsamong these are as
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(1) Welding

(2) Soldering

(3) Brazing and

(4) Adhesive bonding

The joints obtained by these methods cannot be easily disconnes ted

Semi permanent mechanical assembly techiiques are available to fasten
twO Or more components together in a joint that can be ¢ onveniently disassembled
In this category, the use of nuts and bolts screws and other threaded fusleners are
important traditional techniques

Other mechanical assembly methods that form a more permanent connection
include riveting, press fitting, expansion s and shrink fitting.

.7 PRODUCTION SYSTEMS

A manufacturing firm must have some production \ stern “hat allow it to operate

effectively and efficiently to accomplish its tYP oo oo dlon
These are composed of people, equipmer /nwuchines and procedures/
methods designed for the combination of 1ate @ .ad processes that establish /

constitule firm’s manufacturing opciation. Pro luction systems can be broadly
divided into following two categ ries:

(1) Praduction Facilities: Pro. viction facilities are concerned with the
physical equipment and the ariangement ol equipment in the factory.

Manufacturin > sup port systems are the procedures that are utilized

by the orgaruzation ‘eni rprise to manage production and tackle the
technical as well as vigaruzation of su

encountered i orderir\g materials,
quality standards and work
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1.7.1 Types of Production Systems .
The Pr()dllfti(1ﬂ gystems vary rom fac torv to tactorv and from Pr().du(t mm}iut_‘t_
However one of rth(‘ most it‘l’lpﬂ[‘idlli ISSUES 1S Pra wiluction volume that lspmd
! . ..

to be PI'Dd uced. The most common th('S Of pr duction systems are: W

(i) Job order production
(ii) Batch order production
(ii) Continuous production

Job Order Production: This type of production system is characterized by the
low production volume which is related with the manufacture of products to

meet the specific consumer requirements. This is usually concerned with special
projects, special equipment or machinery to perform specialized and specific
tasks—large turbo generators, boilers, processing equipment, material handling
equipment and ship building etc. are examples of this productitn group.

Job order production can be of following three types as per regularity of
manufacture 1.e: e

(1) Small number of products produced once on'y.
(2) Small number of pieces produced intermitten fly wii.n the need arises.
(3) Small number of pieces produced periocically at known time intervals.

There is little scope for improvement of manu:tacivring technique, if the order
is to be executed once only by introducing intricate method studies, spedial tools,
jigs and fixtures etc. However, if the order is ot a repetitive nature, tooling and

jigging as well as special purpose inspection gauges should be carefully
congidered to reduce unproductive time and to accelerate work oriented activities.

/
Batch Order Production: This typc of production is suited for medium volume

lot of the same variety either to meet a specifid order or to satisfy the demand of
the market. When the production of a specific batch is terminated, the plant
facilities are available for the production of other similar products As per market

demand.
Batch order production can be of the following types:




better life with the use of manufactured products. The manufacturing process
forms a vital ingredient for various products such as plant and machinery tha
is needed in various disciplines of engineering, e.g. electrical, electronics,
chemical etc.

A detailed knowledge of the manufacturing processes is thus essential for
every engineer. He will be able to appreciate the process capabilities, advantages
and limitations. This in turm would help him in the proper design of the product
as per demand in the market. Further, he would be able to assess the feasibility of
manufacturing the requisite design, select the appropriate process requiring
minimum manufacturing cost and of the desired quality from the different/
alternative techniques or processes available. If required, he may incorporate slight
modifications to suit the selected manufacturing process or make his own choice.

1.1 DEFINITION OF MANUFACTURING

Manufacturing can be defined in two ways in the modern context i.e. technologic
and economic. Technologically, manufacturing is the appli~ction of physical

and chemical processes for changing the geometry, ch iz tovistics and/or

-

appearance of a given input material to produce parts or p rocacts, the assembly

tools , man power, power/energy and methods a- «prosented in fig 1.1 (a).
Manufacturing is accomplished as a sequence o ¢ pera .on. Performance of each
operation brings the basic/input material closer 1o the desired final state.

S e e e T — R T— s P=—s

Economically, manufacturing means the transformation of materials into
items / goods of greater value by way of one or more processing and / or assembly
operations as shown in fig. 1.1 (b). The meaning of greater value is that
manufacturing adds value fo the material by altering its shape or characteristics.
The material has been made more valuable by virtue of the manufacturing
operations performed on it. For example, when plastic is moulded into the
complex geometry of furmtu_rc* e.g. lawn chairs, it is made even more valuable.

of society. The type of manufacturing carried out by an enterprise /company is
concerned with the product it makes. A type of relationship exists between the

type of manufacturing industries and their products. Their produce or make is
discussed as follows: _

Manufacturing Industries: Industry means enterprises and organizations that

are able to produce or supply goods/products and services. Industries can be
classified* as follows:

* As per the international standard Industrial classification.

RIS ¥
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Fig. 1.1(a): Manufacturing as a Technical Procass

-

Manufactunng
Process

JENEEYEe
ASTRIENEDL
dAEREEREREEERE.
SARSEENEEEEES
/(AR EEANEREEED
iEEEENERREEAEE
ISEPEEFEEEERN
SEESEEREREENY
TEEDENREEREYY
SEUEREEERY

SEEREEEPF

“_—1_’!1’
iy

Basic/s.. rting _ Matenial in Final productiorv
materia processing Processed material

r

Fig. 1.1(b): Manufacturing as an Economical Process
The words production and manufacturing are often interchangeably utilized.

(1) Primary Industries: Those industries that exploit and cultivate natural
resources such as-agriculture, forestry, petroleum and mining etc.

(2) Secondary Industries: Those industries that utilize the output of primary
iIndustries to convert it into consumer and capital goods. The principal
activity in this case are manufacturing industries such as automotives,

computers, electronics, glassware and many others but it also includes
construction and power utilities.
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