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Necessity:

Portable hand drills of different types are used for certain jobs

which cannot be handled on stationary drilling machine.

Types:

There are two types of portable drilling machines like, power

operated and hand drilling machine.

Power operated drilling machine:

Electric hand drill (light duty):

These are available in different

forms. The electric hand drill has a

small electric motor for driving the

drill. On the end of the spindle, a

drill chucks is mounted. Electric

hand drills used for light duty will

have, usually, a single sped.



Electric hand drill (heavy duty):

This drill has an additional feature; the drill speed can be

varied through a system of gears. This is particularly useful for

drilling larger diameter holes.



Drill bit



Pneumatic hand drill:

This type of drill is operated by

compressed air. An air driven motor is

housed in the casing, and a handle is

fitted along with an air pipe to operate

the drill conveniently. This drill is used

where electrically operated drills are

prohibited i.e. explosives factories,

petroleum refineries etc.

Hand operated drilling machine:

Different types hand operated drilling

machines are shown below. They are

used in structural fabrication, sheet

metal and carpentry.

The ratchet drilling machine is

commonly used in structural

fabrication. Square head, taper shank

drills are used on these machine.



The bevel gear type drilling machine is used for drilling small

diameter holes up to 6mm.

The breast drilling machine is used for drilling holes of larger

diameter as more pressure can be exerted. Drills between 6mm to

12mm can be used these machines.





Trigonometrically ratios:

AC is the hypotenuse side

AB is the opposite side

BC is the adjacent side.
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Given the vertical height from the

center of the hole to the other

centre of the hole,



Needle files:

Needle files are usually available in sets with assorted shapes.

These types of files are used for delicate, that kind of work. These

files are available in bastard and smooth grade.

Specified of needle files:

The needle files are specified by

the grades, length, shapes and BIS

number.



Riffler files:

➢ These files are used for die-making,

engraving and in silversmith’s work.

➢ They are different shapes and size and are

made of with standard cuts of teeth

Mill saw files:

➢ Mill saw files are usually flat and square or

rounded edges.

➢ These are used for sharpening teeth of wood

working saws and are available in single cut.

Crossing file:

➢ This file is used in the place of a half round

file.

➢ Each side of the file has different curves.

➢ It is also know as fish back file



Barrette file:

➢ This file has a flat, triangular face with

teeth on the wide face only.

➢ It is used for finishing sharp corners.

Tinker’s file:

➢ This file has a rectangular shape with

teeth only at the bottom face.

➢ This file is used for finishing automobile

bodies after tinkering.

Machine files for hand filling machine:

➢ Machine files are of double cut, having

holes or projections to fix to the holder of

filling machine.

➢ The length and shape will vary according

to the machine capacity.



Rotary files:

➢ These files are available with a 

round shank.

➢ They are driven by a special 

machine with a portable motor 

and flexible shaft.

➢ These are used in diesinking and 

mould making work.



➢ Components manufactured using mass production methods

are checked only to ensure that the sizes are within the

prescribed limits.

➢ The most economical method of checking such components is

by using limit gauges.

➢ These gauges are used in inspection because they provide a

quick means checking.



Go and No-Go principle:

➢ The Go and No-Go principle of gauging is that the Go-end of the gauge

must go into the feature of the component being checked and the No-

Go end must not go into the same feature.

➢ The dimensions of the Go and No-Go ends of gauges are determined

from the limits stated on the dimension of the component to be gauged.

Essential features:

➢ These gauges are easy to handle and are accurately finished.

➢ They are generally finished to one tenth of the tolerance they are

designed to control.

➢ These gauges must be resistant to wear, corrosion and expansion due

to temperature.

➢ The Go-end is made longer than the No-Go end for easy identification.



Types of cylindrical plug gauges:

1) Double ended plug gauge

2) Progressive plug gauges

➢ These plug gauges are used for checking

the diameter of a hole straight hole.

➢ The Go-gauge checks the lower limit of

the hole and the No-Go gauge checks the

upper limit.



Plain ring gauges:

➢ These are used to check the outside

diameter of the work pieces.

➢ Separate gauges are used for checking

Go and No-Go sizes.

➢ The No-Go gauge is identified by an

annular groove, cut on the knurled

surfaces.

Taper plug gauges:

➢ These gauges are made with standard

or special tapers and are used to check

the size of the hole and the accuracy of

the taper.

➢ The gauge must slide into the hole for

a prescribed depth and fit perfectly.



Taper ring gauges:

➢ These gauges are used to check both the

accuracy and the outside diameter of taper.

➢ Ring gauges often have scribed lines or a

step ground on the small end to indicate

the Go and No-Go dimensions.

Thread plug gauges:

➢ Internal threads are checked with thread

plug gauges of Go and No-Go Varity which

employ the same principle as the cylindrical

plug gauges.

➢ The thread plug gauges check the form and

dimensional accuracy of internal threads.





Thread ring gauges:

➢ These gauges are used to check the accuracy of

an external thread.

➢ They check the form and the dimensional

accuracy of external threads.

Snap gauges:

➢ Snap gauges are used as a quick means for

checking sizes within certain limits by comparing

the size of the parts with the opening of the

gauge.

Adjustable caliper gauges:

➢ These gauges are generally C-shaped and are

adjustable to the maximum and minimum limits

of the part being checked.

➢ When in use, the work should slide into the Go

anvil but not into the No-Go anvil.

➢ Snap gauges and adjustable caliper gauges can

be used for checking external sizes in any place

the length of a work.



Standard wheel marking specify all the

important wheel characteristics. The

marking system comprises of seven

symbols which are arranged in the

following order.

Ex: 51 – A 46 H5 V8

Specification of grinding wheels:

A grinding wheels are specified by the

Standard wheel markings, diameter of the

wheel, bore diameter of the wheel,

thickness of the wheel and type of the

wheel.





A grinding wheel consists of the abrasive that does the cutting, and

the bond that holds the abrasive particles together.

Abrasive: There are two types of abrasive particles like, Natural

abrasive and Artificial abrasive.

Natural abrasive: these are emery and corrundum, these are

impure forms of aluminum oxide.

Artificial abrasive: these are silicon carbide and aluminum oxide.

Brown: brown aluminum oxide is used for general purpose.

White: white aluminum oxide is used for grinding purpose.

Green: green silicon carbide is used for very hard materials with

low tensile strength such as cemented carbides.

Grain size (grit size): the number indicating the size of the grit

represents the number of openings in the sieve used to size the

grain. The larger the grit is easily number, the finer the grit.



Grade: Grade indicates the strength of the bond and, therefore, the

hardness of the wheel. In a hard wheel the bond is strong and

securely anchors the grit in place and therefore reduces the rate of

wear. In a soft wheel the bond is weak and the grit is easily

detached resulting in a high rate of wear.

Structure: This indicates the amount of bond present between the

individual abrasive grains and the closeness of the individual grains

to each other. An open structured wheel will cut more freely.

Bond: The bond is the substance which, when mixed with abrasive

grains, hold them together, enabling the mixture to be shaped to

the form of the wheel., and after suitable treatment to take on the

necessary mechanical strength for its work. The degree of hardness

possessed by the bond is called the grade of the wheel..

Vitrified bond: This is the most widely used bond. It has high

porosity and strength which makes this type of wheel suitable for

high rate of stock removal. It is not adversely affected by water,

acid, oils or ordinary temperature conditions.



Silicate bond: Silicate wheels have a milder action and cut with less

hardness than vitrified wheels. For this reason they are suitable for

grinding fine edge tools etc.

Shellac bond: This is used for heavy duty, large diameter wheels

where a fine finish is required. For example, the grinding of mill

rolls.

Rubber bond: This is used where a small degree of flexibility is

required on the wheel as in the cutting off wheels.

Resinoid bond: This is used for high speed wheels. Such wheels are

used in foundries for dressing casting. Resinoid bond wheels are

also used for cutting off. They are strong enough to withstand

considerable abuse.



Principle of metal cutting:

The principle for metal cutting relating to the various tool angles

will assist in carrying out metal cutting work efficiency.

Cutting materials the following four 

elements

➢ Cutting tool, Tool-holding or

guiding devices, Work-holding

devices and work.

➢ The common metal cutting

processes are carried out either

by the use of single point or

multi point cutting tools.



Clearance angle (γ)  

Rake angle ( )

Wedge angle or tool angle (β)



Clearance angle:

➢ This is the clearance or relief

provided behind the cutting edge.

➢ If the clearance angle is not

provided the tool will rub against

the work-surface, and will impose a

lot of strain before the metal chips

are sheared from the work.

✓ External cylindrical surfaces – 5° to

7 °

✓ Flat surfaces – 6° to 8°

✓ Internal cylindrical surfaces – 8° to

10°



Rake angle:

➢ This is the angle given in the front of the

leading edge of the tool.

➢ This reduces the pressure of the chip on

the tool face.

➢ Reduces the cutting force.

➢ Positive rake angles produce better finish

at low speeds.

➢ Zero and negative rake angle tools are

stronger and have a long tool life.

➢ Negative rake tools produce poor finish at

low cutting speeds, but good finish at

higher cutting speeds.

➢ Negative rake tools need more power to

operate than the positive rake tools.



Rake angle for different metals:

Cast iron 0°

Ductile brass 14°

Free cutting brass 0°

Tin bronze 8°

Aluminum alloys 30°

Mild steel 25°

Medium carbon steel 25°

High carbon steel 12°

Teflon 0°

Wedge angle: The wedge angle is affected by the amount of

clearance angle and rake angle.



Properties of metals: There are two types of properties of metals

like, physical properties and mechanical properties

Physical properties:

Colour: Different metals have different colours. Example, copper,

mild steel etc.

Weight: Metals differ based on their weight. Aluminum etc

Structure: Generally metals can also be differentiated by their

internal microstructure. Wrought iron, cast iron etc.



Conductivity:

➢ Thermal conductivity and electrical

conductivity are the measure of the

ability of material to conduct heat

and electricity.

➢ Conductivity will vary from metal to

metal.

➢ Copper and aluminum are good

conductor of heat and electricity.

Magnetic property:

➢ A metal is said to possess magnetic

property, if it is attracted by a

magnetic.

➢ Allmost all ferrous metals, excepting

stainless steel.



Fusibility:

➢ It is the property possessed by a

metal by virtue of which it metals

when heat is applied.

Mechanical properties:

Ductility:

➢ A metal is said to be ductile when

it may be drawn out in tension

without rupture

➢ Copper and aluminum are good

examples of ductile materials.



Malleability:

Malleability is the property of

permanently extending in all

directions without rupture by

hammering, rolling etc.

Hardness:

Hardness is measure of a metal’s

ability to withstand scratching,

wear, abrasion and penetration.



Brittleness:

➢ Brittleness is that property of a

metal which permits no

permanent distortion before

breaking.

➢ Cast iron is an example of brittle

metal.

Toughness:

➢ Toughness is the property of a

metal to withstand shock or

impact.

➢ Wrought iron is an example of

tough metal.



Tenacity:

➢ Tenacity of metal is its ability to

resist the effect of tensile forces

without rupture.

➢ Mild steel, wrought iron and copper

are examples.

Elasticity:

➢ Elasticity of a metal is its power of

returning to its original shape after

the applied forces is released.

➢ Spring is a good example of elasticity.





The value of 10 vernier divisions is 0.01mm X 9 = .09mm

The value of a vernier division = 0.09mm / 10 = 0.009mm

Least count = 1 thimble division – 1 vernier division

= 0.01 – 0.009mm = 0.001mm or 1/1000mm.



Uses: Used for measuring the sizes

of holes, slots and recesses.

Construction:

➢ Telescopic gauges are T shaped.

➢ They consists of telescopic legs or

plungers connected to a handle.

➢ Telescopic gauges are available in

a set of 5 nos, to measure holes

from 12.7mm to 152.4mm

No. 1 – 12.7mm to 19mm

No. 2 – 19.0mm to 31.7mm

No. 3 – 31.7mm to 53.9mm

No. 4 – 53.9mm to 88.9mm

No. 5 – 88.9mm to 152.4mm





Telescopic gauges are not suitable for

measuring holes below 12.7mm. For

use of small hole gauges.

Construction:

➢ A small hole gauges consists of a tube

having holes on the opposite sides at

one end where hardened balls are

fixed.

➢ The other end of the tube has an

external thread.

➢ Small hole gauges from 3.2mm to

12.7mm.

No. 1 – 3.2mm to 3.8mm

No. 2 – 3.8mm to 4.5mm

No. 3 – 4.5mm to 5.1mm



1) Power saw

2) Horizontal saw

3) Circular saw

4) Contour saw

Power saw:

• This is the most communally

used metal cutting saw.



Horizontal band saw:

➢ This has a saw frame on

which a motor is fitted.

➢ There are two pulley wheels

on which an endless band

saw passes.

➢ Speed variations is obtained.

➢ The blade tension is

maintained by using the

adjusting handle.

➢ This machine has the

advantages of continuous

cutting ability, and is much

faster than a power saw.



Circular saw:

➢ This type of cutting machine

is used when cutting

materials have a large cross-

section.

Contour saw:

➢ In this, a metal band saw

blade is used, and the contour

saw has a continues cutting

motion.

➢ These machine are very much

used for cutting metals to

different profiles.







Feature:

➢ The power saw works like a

hand hacksaw, and has an

arrangement for cutting

during the movement in one

direction and releasing

pressure on the non-cutting

stroke.

➢ The rotary motion of the

motor is converted into linear

motion by crank shaft.

➢ The required cutting pressure

is obtained hydraulically or an

adjustable weight.



Frame

Motor

Work 

piece

Saw 

blade

Machine 

Vice







➢ The saw blades are selected,

depending on the machine and the

type of work on hand.

➢ The blade are made of H.S.S and are

fully hardened.

➢ For different materials, blades of

different pitches are used.

➢ Teeth with a large pitch can

accommodate large chips.

➢ Blade are available with varying

coarseness.

➢ Coarse pitch blade are also used

while cutting large sections of stock.



Blade clearance:

In order to avoid jamming of

the teeth and to provide for

chip clearance, the teeth of

the saw blades are offset of

waved.



Specification of power hacksaw blades:

1) The length

2) The width

3) The thickness 

4) The teeth pitch



Clamping arrangement:

➢ Power saws are provided with

clamping devices similar to those

in machine vices.

➢ Long bars are supported, and the

level maintained by the use of

adjustable floor stands.



Fixing blades:

➢ The blades are mounted on frames using screw.

➢ The teeth of the blade should point towards correct

directions.

➢ Tension the blade using the tensioning device.



➢ In order to work safely and efficiently, certain precautions

are to be observed.

➢ While taking measurements of the work for setting, always

stop the machine.

➢ Ensure that the work does not protrude into the

gangways.

➢ Ensure a cutting fluid is used always.

➢ Avoid giving excessive cutting pressure, because this can

cause breakage to the blade.

➢ When holding short work pieces in a vice, be sure to place

a short piece of the same thickness in the opposite end.



Ferrous metal: Metals which contain iron as a major content are called

ferrous metal.

Ferrous metals and alloys used commonly are

➢Pig iron

➢Cast iron

➢Wrought iron

➢Steels and alloy steels.

Smelting: Pig iron is obtained by the chemical reduction of iron ore. This

process of reduction of the iron ore to pig iron is known as smelting.

Raw materials:

➢Iron ore

➢Coke

➢Flux



Iron ore:

➢Magnetite 

➢Hematite

➢Limonite

➢Carbonate

These are ore naturally available.

Coke: Coke is the fuel used to give the necessary heat to carry

heat to carry on the reducing action.

Iron ore = carbon monoxide combines with iron ore to reduce it to

iron.

Flux: This is the mineral substance charged into a blast furnace

to lower the melting point of the ore.

Limestone: Limestone is the most commonly used in flux in the

blast furnace.



Blast Furnace:

The furnace used for smelting iron ore is the blast furnace .

Parts of blast furnace:

❖Throat

❖Stack

❖Bosh

❖Hearth

❖Double bell charging mechanism

❖Tuyers





❖ The raw materials are charged in alternate layers of iron ore, coke and

flux in the furnace by means of double bell mechanism.

❖ The hot blast is used is forced into the furnace through a number of

nozzles called tuyers.

❖ The temperature of the furnace just above the level of the tuyeres is

between 1000c to 1700c.

❖ The limestone, which serves as a flux.

❖ The molten iron is tapped at intervals through a sepearte tapping

hole.

❖ The molten iron may be cast in pig beds or used in other processing

plants for steel making.

Properties:

❖ Pig iron absorbs varying amounts of carbon, silicon, sulphur,

phosphorus and manganese during the smelting process.

❖ A high amount of carbon makes the pig iron very hard and brittle.

















➢ Cast iron is an alloy of iron, carbon and silicon. The carbon

ranges content ranges from 2 to 4%.

Types of cast iron

➢ Grey cast iron

➢ White cast iron

➢ Malleable cast iron

➢ Nodular cast iron

Grey cast iron:

➢ This is wieldy used for the casting of machinery parts and can

be machined easily.

➢ Machine bases, tables ,slide ways are made of cast iron.

➢ The melting point is lower than the that of steel and grey cast

iron.



➢ Grey cast iron is often alloyed with nickel, chromium, vanadium or

copper to make it tough.

➢ Grey cast iron is weldable but the base metal needs preheating.

White cast iron:

➢ This is very hard and is very difficult to machine and this reason, it is

used in components which should be abrasion resistant.

➢ White cast iron is produced by lowering the silicon content and by

rapid cooling cast iron.

➢ When cooled in this manner, it is called chilled cast iron

➢ White cast iron cannot be welded.

➢ Malleable cast iron:

➢ Malleable cast iron has increased ductility, tensile strength and

toughness when compared with grey cast iron.

➢ Malleable cast iron is produced from white cast iron by a heat

treatment process.



Nodular cast iron:

➢ This is very similar to malleable cast iron.

➢ But this produced without any heat treatment.

➢ This has good machinability, castability, resistant to wear,

low melting point and hardness.

➢ Malleable and nodular casting are used for machines parts

where there is a higher tensile stress and moderate impact

loading.

➢ These castings are less expensive and are an alternative to

steel casting.



➢ For starting a cupola, a coke

fire is lit at the bottom of the

cupola.

➢ The furnace charged with

alternate layers of coke and pig

iron together with limestone.

➢ Steel scraps is also some times

added depending on the

required quality of metal.

➢ The molten limestone combines

with sand and other impurities

and floats in a liquid form on

the top of the molten metal. It

is called slag

➢ The molten metal sinks to the

bottom of the furnace from

where it is tapped and collected

in ladles.





➢ Wrought iron is the purest form of

iron.

➢ The analysis of wrought iron shows

as much as 99.9% of iron.

➢ When heated, wrought iron does

not melt, but only becomes pasty

and in this form it can be forged to

any shape.

➢ Methods used to produce wrought

iron.

1. Pudling process

2. Aston or byers process.



Puddling Process:

➢ Wrought iron is manufactured by refining pig iron.

➢ By refining pig iron silicon is removed completely, a greater

amount of phosphorus is removed and graphite is converted to

combined carbon.



➢ This furnace is a coal-fired reveberatory furnace.

➢ The term reveberatory is applied because the charge is not in

actual contact with the fire, but receives its heat by reflection

from the dome shaped furnace roof.

➢ The product obtained is taken out from the furnace in the

form of balls having a mass of about 50kgs.

➢ The hot metal is then passed through grooved rollers which

convert blooms into bars called MUCK bars of PUDDLE bars.

➢ These bars are cut into short lengths, fastened together in

piles, reheated to welding temperature and again rolled into

bars.





Aston process:

➢ In this process molten pig-iron and steel scarp are refined in

a Bessemer converter.

➢ The reined molten metal is poured into an open hearth

furnace in the iron silicate stage.

Carbon 0.02 to 0.03%

Silicon 0.1 to 0.2%

Manganese 0.02 to 0.1%

Sulphur 0.02 to 0.04%

Phosphorous 0.05 to 0.2%

Composition of wrought iron



Properties:

➢Malleable and ductile.

➢It can neither be hardened nor tempered.

➢No effect in salt water.

➢Will not retain the magnetism 

➢Corrosion resistant 

➢Easy to forge, wide temperature range 850c to 1350c 

Uses:

➢Architectural works

➢Crane hooks, chain links, bolts and nuts etc

➢Marine works

➢Agricultural equipments

➢Pipes, flanges etc 



The different methods used for surface preparation are

➢Degreasing 

➢Pickling

➢Blast cleaning

➢Flame descaling 

Degreasing:

In degreasing, the surface preparation for anti-corrosion

treatment is done with a solvent such as

➢White spirits

➢Carbon tetrachloride

➢trichloroethylene



Pickling:

➢ Pickling is a chemical method of cleaning.

➢ The surface of the metal is cleaned with dilute sulphuric acid or

mixed acids.

➢ Shows the arrangement of surface preparation by the pickling

method.



Blast cleaning:

➢ This is a mechanical method of cleaning in which the scale

and corrosion are removed by a high velocity blast of steel

shots or sand particles.



Flame descaling:

➢ The steel surface which is to be

descaled, is heated with an oxy-

fuel gas torch with high-intensity

flames.

➢ This rapid local thermal

expansion of the loosely adhering

scale against the relatively un-

heated base metal causes the

scale to flake off.

➢ This method of surface

preparation is often specified for

the heavily rusted steel work.

➢ It is not suitable for light steel

work which may buckle and

distort because localized heat.



There are two methods are used in colouring of metal, like

1. Heating and cooling

2. Application of chemicals

Colouring by heating and cooling:

➢ Attractive colours can be given to metals by heating

➢ In this process, the metal surfaces to be treated is thoroughly

polished.

➢ During the heating of the metal, watch the colours as they

appear.

➢ When the desired colour is seen, remove and quench suddenly

in water or oil.

➢ Rub gently with steel wool.



Black oil finish (Blackening)

➢ For blackening the surface of a ferrous metal, first clean the

surface thoroughly, and apply a coating of thick lubricating

oil.

➢ Then heat the metal to 150c to 175c for about 5 to 8 minutes.

➢ This will give a black and rust-preventing coating on ferrous

metal surfaces.

Chemical colouring:

➢ Polished surfaces of iron and steel can be given the following

colours by the application of certain chemicals.

Caution:

➢ Use hand gloves and goggles when working with chemicals.



Steel is fundamentally an alloy of iron and carbon, with the carbon

content up to 1.5%. Classified according to their carbon content.

Dead mild steel 0.1 to 1.25%

Mild steel 0.15 to 0.3%

Medium carbon 0.3 to 0.5%

Do 0.5 to 0.7%

High carbon steel 0.7 to 0.9%

Do 0.9 to 1.1%

Do 1.1 to 1.4%



Tata iron & steel Bihar

Indian iron & steel w. Bengal

Visweshvaraiah iron & steel Karnataka

Durgapur steel plant Madys Pradesh

Alloy steel plant W.Bengal

Salem steel plant tamilnadu



Manufacturing processes:

The different manufacturing processes of steel are listed below.

➢Bessemer process

➢L.D process

➢Electric process

➢Open hearth process

Bessemer process: 



Refractory 

lining

Steel 

casting



➢ Sir Henry Bessemer, a British engineer inverted this process

of converting molten pig-iron to steel using a large pear-

shaped container. This called the Bessemer converter.

➢ It is a method of producing steel by blasting compressed air

through molten iron and burning out the excess carbon and

other impurities.

The three stages of this process are

1. The preliminary stage (the slag formation)

2. The boil stage (the brilliant flame blowing period)

3. The finishing stage (the reddish smoke period)









➢ The name L.D is derived from the initials of two towns, LINZ &

DONAWITZ in Austria where this process was first used.

➢ The L.D converter or the basic oxygen converter is to produce

high quality steel in a relatively shorter time.

➢ The basic raw material used in the process are the molten pig-

iron from the blast furnace and the steel strap.

➢ In this process of producing steel, a jet of pure oxygen is blown

through a lance which is water-cooled.





Electric process:

➢ Two types of electric furnaces

are in use

1. Electric arc process

2. High frequency furnace

Electric arc process:

➢ In this type of furnace, the

heat required is generated by

electric arcs struck between

carbon electrodes and the

metal bath.

➢ This type of furnace is used for

making alloy steels, such as

stainless steel, high speed

steel etc.





High frequency furnace:

➢ This furnace consists of a crucible

made of refractory materials,

surrounded by an inductor coil

which carries the alternating

current, and is insulated and

water cooled.

➢ The charge used consists of steel

scrap and iron oxide.

➢ The steel is further refined by re-

melting and addition of the

required alloying elements.

➢ This process are used for cutting

tools and precision measuring

instruments.





Open hearth process (Siemens Martin 

Process)

➢ An open hearth furnace is a Revebertory furnace, having a

melting chamber built with refractory materials, bounded at the

top by the roof, and at the bottom by the hearth.

➢ The charging doors are provided at the side walls.

➢ The melting area is connected with regenerators through ports.

➢ Heating through producer gas and air is the characteristic of

the open-hearth furnace.

➢ The hearth is first prepared and heated well up to 1500c.

➢ The charge is a mixture of pig-iron and steel scarp[ in different

properties as required according to the class of steel to be

manufactured.



Open hearth process (Siemens Martin 

Process)



Structure: All metal are built up of crystals. The arrangement and size of

the crystals is called the structure.

Structural change in plain carbon steel:

When we say we refer only to plain carbon steel carbon is the main

constituent, which changes the heavier and structure of steel.

A steel which contains up to 0.8% of carbon is called HYPOEUTECTIOD

STEEL.

A steel which contains just 0.8% is called EUTECTOID STEEL or

PEARLITE.

A steel which contains 0.8 to 2.1% of carbon is called HYPEREUTECTOID

STEEL.



Zero percent carbon:

➢ In the diagram given below, the

percentage of carbon expressed is 0%.

➢ However in practice a minimum of

0.008% to a maximum of 0.025% of

carbon, it forms the solid solution

called FERRITE.

Between 0 to 0.8% carbon:

➢ With increasing carbon content is

deposited between the iron crystals.

➢ Due to increase in the carbon content,

carbon is deposited between the iron

crystals resulting in the formation of

hypoeutectoid steel.





Heating:

➢ While heating uniformly a piece

carbon steel in a furnace, the

temperature will increase uniformly

and it will be halted or will fall slightly

for a short time although the heat is

supplied to the steel.

➢ The temperature at which austenite is

formed is called the lower critical

point and is at 723c.

➢ The temperature at which the

formation of austenite is total is called

the upper critical point.





➢ While cooling, the temperature

of the piece will fall uniformly

until a certain temperature is

reached at which stage it starts

to cool less rapidly.

➢ The temperature at which the

above is happening is called the

upper critical point and is 30c

below upper critical point.

➢ The total breaking of the

austenite to ferrite or cementite

will continue until the lower

critical point is reached at

693c.



Heat treatment of steels (Annealing and 

normalizing)

Heat treatment: The process of heating and cooling for changing

the structure of steel, and thus obtaining the required properties is

called heat treatment of steel.

Classification of heat treatment:

➢Annealing and normalizing (equilibrium condition)

➢Hardening and tempering (non-equilibrium condition)



Annealing:

➢ In this process, steel is heated

to a suitable temperature

depending upon its carbon

content, and is held at that

temperature for sufficient time,

and then slowly cooled to room

temperature.

➢ For annealing, hypoetectoid

steel is heated to 30c to 50c

above the upper critical

temperature, and its is 50c

above the lower critical

temperature for hypereutectoid

steel.

Heat treatment of steels (Annealing and 

normalizing)



Carbon content % Temperature °C

<0.12 875 to 925

0.12 to 0.25 840 to 970

0.25 to 0.50 815 to 840

0.50 to 0.90 780 to 810

0.90 to 1.3 760 to 780

Heat treatment of steels (Annealing and 

normalizing)



Purpose of annealing:

➢To obtain softness

➢To improve machinability 

➢To increase ductility

➢To relieve internal stresses

➢To reduce or eliminate structural in homogeneity

➢To refine the grain size

➢To prepare the steel for subsequent heat treatment process 

Heat treatment of steels (Annealing and 

normalizing)



Normalizing:

➢ Normalizing is done to produce a

fine grain for uniformity of structure

and for improved mechanical

properties.

➢ Normalizing is a process, steel is

heated to a suitable temperature

depending upon its carbon content.

➢ Normalizing is usually done, before

machining and before hardening, to

put the steel in the best condition

for these operations.

Precaution:

➢ The heated piece for normalizing

should not be kept at any wet place,

in water air or kept in forced air as

they will induce some hardness.

Heat treatment of steels (Annealing and 

normalizing)



Heat treatment of steels (Annealing and 

normalizing)



Carbon: 

➢ Carbon is a very important in the part of steel.

➢ The addition of carbon at varying proportions modifies the

characteristics of iron and makes it harder and stronger.

➢ Slight variations in the carbon content of steel leads to great

differences in the properties of steel.

➢ Depending upon the properties they are put to different uses.

Plain carbon steel contains three main constituents, like

1. Ferrite

2. Cementite

3. Pearlite



Ferrite:

➢ It is a very weak solid solution of carbon and iron with about

0.006% carbon.

➢ This is a very soft and ductile constituent.

Pearlite:

➢ Pearlite contains alternate layers of ferrite and cementite.

➢ This laminated structure makes pearlite stronger.

➢ As the carbon content increases, the pearlite structure

formation is also increased.

➢ And also increases the tensile strength and hardness.

Cementite:

➢ Will not exist in the combined form but appear around the

crystal boundaries.



Name Group Carbon content %

Wrought iron Wrought iron Less than 0.05

Dead mild steel Plain carbon steel 0.1 to 0.15

Mild steel Plain carbon steel 0.15 to 0.3

Medium carbon 

steel
Plain carbon steel

0.3 to 0.5 

0.5 to 0.8

High carbon steel Plain carbon 

0.8 to 1.0

1.0 to 1.2

1.2 to 1.4





Principle of hardening:

➢ If the steel is cooled rapidly, the excess carbon will not have

sufficient time to leave the solid solution with the result will be

trapped in the iron, and so cause an internal distortion.

➢ This internal distortion is the cause for the increase in the

hardness of steel. This is the basis of the hardening process.

Mechanical properties will be depend upon this treatment, like

✓ The carbon content of the steel

✓ The temperature to which it is heated.

✓ The duration of heating

✓ The cooling rate produced by quenching.



Effect of carbon content upon the hardness



Process of hardening:

➢ In order to produce the desired effect, sufficient carbon must

be put into the solid solution to cause internal distortion.

➢When the carbon content is less that 0.83% the steel is heated

to only just above its upper critical point.

➢When its carbon content is more than 0.83% the steel is

heated only to just above its lower critical point.

Soaking time:

➢After heating, the steel is held at that temperature for some

time.

➢Normally 5mts are allowed as soaking time for 10mm

thickness of steel.

Cooling:

➢Then the steel is cooled in a suitable quenching.





Quenching:

➢ The quenching medium controls the rate of cooling

➢ For a rapid quenching a solution of salt or caustic soda in

water is used.

➢ For very slow quenching a blast of air is sufficient.

➢ Oil gives an intermediate quenching

➢ Water and oil are the most common quenching media used.

➢ Air quenching is suitable only for certain special alloy steels.

Tempering:

➢ After hardening, steel is usually re-heated to a suitable

temperature below the lower critical point to improve its

toughness and ductility.





Purpose of tempering:

➢ To relieve the steel from internal stresses and strains.

➢ To regulate the hardness and toughness.

➢ To reduce the brittleness

➢ To restore some ductility

➢ To reduce shock resistance.

Process of tempering:

➢ The tempering temperature depends upon the properties required,

but it is between 180c and 650c.

➢ The duration of heating depends upon the thickness of the

material. Tempering is done in controlled atmosphere furnaces

with the such conditions.

➢ Generally, tempering in the lower temperature range for an

increased time provides greater control in securing the desirable

mechanical properties.







Plastic:

➢ Plastic means is capable of being easily formed or moulded

➢ Plastics have their origin in the chemical synthesis of materials from

different sources like

1. Agricultural

2. Agricultural and petroleum

3. Petroleum and coal

4. Petroleum and mineral

5. Minerals

Plastics are divided into three major categories, like

1. Thermoplastic

2. Thermo-setting plastics

3. Elastomers



Thermoplastics:

➢ These are formed into shape by the application of heat and pressure.

➢ They soften when heated, and become solid again when cooled.

➢ There is no chemical change in the moulding operation.

Thermoplastics are

➢ Nylon

➢ Polythene

➢ Polypropylene

➢ Polystyrene

➢ Poly vinyl chloride (PVC)

➢ Acrylic resin

➢ Cellulosics



Nylon:

➢ It is strong, tough and of

light weight.

➢ It has a good abrasion

resistance, and resistance

to chemical, fuels and oils.

➢ It is used for making light

engineering components

such as gears, bushes,

bearings, machine slides,

rollers etc



Polythene:

➢ There are two types

1. Low density polythene

2. High density polythene

➢ Polythene is cheap

It has high resistance to water, oils

and chemicals

➢ It can also withstand sizable

temperature changes

➢ Low density polythene is used

for making bags, sacks for

package, dust bins, toys and

house-wares etc.

➢ High density polythene is used

for large moulded containers,

bottles, milk crates etc



Polypropylene:

➢ It is the lightest among plastics.

➢ It is tough and has high resistance to heat and chemicals.

➢ It is used for making automobile accelerator pedals, hospital

equipments etc

Polystyrene:

➢ It is the cheapest, has good resistance to water, oils and

alkalis.

➢ It is used for making thin-walled containers for diary

products and foodstuffs.

➢ It is also used for fridge liners and photographic films etc



Poly vinyl chloride:

➢ It possesses good physical

strength and has good resistance

to water and chemical.

➢ It is a good electrical PVC may be

flexible or rigid.

➢ Rigid PVC is used for pipes and

fittings, wall cladding, electrical

conduits etc

➢ Flexible PVC is used for cable

and wire insulation, floor and

wall coverings etc



Acrylic resin:

➢ It is popularly known as Perspex.

➢ It possesses exceptional stability in outdoor weather, resulting

in wide use in signs and display and light fittings.

➢ It is used for sanitary wares, furniture's, record player lids, radio

and speedometer scales etc.

The cellulosics:

➢The family of cellulosics comprises of a wide varitey of materials

such as cellulose acetate, cellulose nitrate, cellulose aceatate

butyrate, cellulose propionate etc.

➢Cellulosics have good strength, toughness, transparent surface,

gloss, chemical resistance and mouldability.

➢They are used for making toys, cutlery handless, electrical parts

etc.



Thermo-setting plastics:

➢ These are some plastics that undergo chemical changes

during processing to become permanently insoluble and

infusible, they are Phenolics, Aminos, Epoxy and Polyster

resins.

Phenolics:

➢ These are based on phenol-formaldehyde resibs and are

often called as bakelite.

➢ Bakelite is available mostly in brown and black colours.

➢ It is a good electrical insulator.

➢ It is rigid, and has low thermal conductivity.

➢ It is used for saucepans and kettle handles, terminal blocks,

electrical switch-gears, cooker control knobs etc



Aminos:

➢ Aminos are the products of a combination of urea or

melamine with formaldehyde to form urea formaldehyde and

melamine formaldehyde.

➢ Aminos are available in an unlimited range of colours.

➢ They have good resistance to oil, grease, solvent and heat.

Epoxy:

➢ Epoxy adhesives are used as casings for pipe fittings,

electrical and other equipments.

➢ They are also used as low-pressure laminates such as

printed circuit boards, boat bodies etc.

Polyster resins:

➢ Polyster resins are used with fibers glass for making glass

fibre reinforced plastics. (G.R.P)



Elastomers:

➢ These are materials that can be stretched repeatedly to atleast

twice their original length, which will return with force to their

approximate original length when immediate stress is released.

➢ Elastomers are made with modified thermoplastics and

rubber, natural and synthetic.

➢ Elastomers are used for gaskets, moulds, insulations etc.



Working processes can be classified

as

➢ Hot working

➢ Cold working

Hot working:

➢ Hot working is done at a suitable

temperature so that any damage to

the grains is repaired.

➢ The temperature required varies

from metal to metal.

➢ Ex: forging, rolling, extrusion etc



Advantages of hot working:

➢ Hot working is relatively a low coast process

➢ Refinement of grain cast structure if possible

➢ The scale gives some protection against corrosion during

storage.

Disadvantages of hot working:

➢ Poor surface finish is likely

➢ Dimensional inaccuracy is possible due to shrinking on

cooling

➢ Geometrical inaccuracy is possible due to distortion on

cooling



Cold working:

➢ Cold working is done at room

temperature.

➢ Due to this reason the grains

become distorted.

➢ Cold working increases the

hardness and strength of the

material at the expense of

ductility

➢ This work-hardening increases

the strength and rigidity.

➢ Cold working must not be used

for large deformation unless the

metal is frequency heat-treated

to keep it ductile.



Ex: sheet metal pressing, rivet head forming, cold extraction

etc



Advantages and disadvantages of cold working:

➢ Good surface finish, high dimensional and geometrical

accuracy is possible.

➢ At times this process is used for finishing a previously hot-

worked part. Due to this the processing cost may be more.

➢ Materials lack ductility due to work-hardening, and are less

suitable for bending etc.



➢ Friction is the force that offers

resistance to relative motion

between surfaces in contact.

➢ Friction opposes motion,

irrespective of the direction when a

book is made to slide on the

surface of a table from left to right,

the force acts on the lower surface

pf the book towards the left.



Advantages:

➢Rolling motion is possible

➢Sliding motion is possible

➢Gripping effect is possible

Disadvantages:

➢Reduction in efficiency of machines

➢Wear and tear of all sliding surfaces in contact

➢Unwanted heat generation 

Types of friction:

➢Limiting friction (static friction)

➢Sliding friction (kinetic friction)

➢Rolling friction

➢Solid friction, liquid fiction, gas friction, boundary friction  



Limiting friction:

A rectangular block of wood is

placed on a flat surface. One end of

a string is attached to the block and

the other end to a spring balance so

that a horizontal force could be

applied. The force applied to the

block is increased gradually. It will

be noticed that the block remains at

rest until the applied force is large

enough to overcome the force of

friction when it just begins to slide

over the surface. At this stage the

force of friction is equal to the

applied force which is read on the

scale of the balance. This force is

called limiting fiction



Sliding friction:

➢ The block is pulled along so that it slips at a steady speed over

the surface.

➢ Take the spring balance reading when this happens.

➢ This reading will be much less than the limiting fiction.

➢ This shows that sliding friction always less that the limiting

friction.

Rolling friction:

➢ It is a matter of common experience that it is much easier to

roll an object on a surface that to slide it.

➢ For example you require less effort to roll a drum full of coal

tar than to slide it over the surface of the road. Rolling friction

much less than the sliding friction. It is for this reason that all

vehicles used on roads or rails are provided wheels.



Solid friction:

It is the friction offered by one dry solid surface when moves

over another solid surface. This friction is high.

Liquid friction:

The resistance offered by a liquid when a body moves in it is

known as liquid friction. Ex. A slip sailing in water.

Gas friction:

It is the resistance by a gas when a body travels in this

medium. This is rather low. Ex. Aeroplane flying in air.

Boundary friction:

It is the resistance offered at the boundary is rotating in a

bearing lubricated by means of oil. The surface of the shaft and

the bearing are only in partial contact as a thin film of oil

separators them creating a sort of boundary.



Practical methods of reducing friction:

➢Polishing 

➢Use o lubricants 

➢Use of ball and roller bearings

➢Streamlining the transmission system

➢Employing low friction material. 



Types of surface hardening :

➢ Case hardening 

➢ Nitriding 

➢ Flame hardening 

➢ Induction hardening 

Surface hardening processes can be classified as:

➢ Processes in which only whole components is heated, ex.

Case hardening and nitriding.

➢ Processes in which only the surface of the component is

heated, ex. Flame hardening and induction hardening



Case hardening:

➢ Parts to hardened by this process are made from a steel with

a carbon content of 0.15% so that they will not respond to

direct hardening.

➢ The steel is subjected to treatment in which the carbon

content of the surface layer is increased to about 0.9%.

➢ When the carburized steel is heated and quenched, only the

surface layer will respond, and the core will remain soft and

tough as required.

Case hardening takes place in two stages:

➢ Carburizing in which the carbon content of the surface of the

is increased.

➢ Heat treatment in which the core is refined and the surface

hardened.





Carburizing:

➢ In this operation, the steel is

heated to a suitable temperature

in a carbonaceous atmosphere,

and kept at temperature until the

carbon has penetrated to the

depth required.

➢The carbon can be supplied as a

solid, liquid or gas.

➢ In all cases, the carbonaceous

gases coming from these materials

penetrate into the surface of the

work piece at a temperature of

880c to 930c.



Pack carburizing:

➢ The parts are packed in a suitable metal box in which they are

surrounded by the carburizing medium.

➢ The lid is fitted the box and sealed with fireclay and tied with a

piece of wire so that no carbon gas can escape and no air can

center the box to cause decarburization.





Liquid carburizing:

➢ Carburizing can be done in a heated salt-bath. For a constant

time and temperature of carburization, the depth of the case

depends on the cyanide content.

➢ Salt-bath carburizing is very rapid, but is not always suitable

because it produces an abrupt change in the carbon content

from the surface to the core.

➢ This produces a tendency for the case to flake.

➢ This is suitable for a thin case, about 0.25mm deep.

➢ Its advantages is that heating is rapid and distortion is

minimized.



Gas carburizing:

➢ The work is placed in a gas tight

container which can be heated in

suitable furnace, or the furnace

itself may be the container.

➢ The carburizing gas is admitted to

the container, and the exit gas is

vented.

➢ The gas such as methane or

propane may be fed directly into

the container in which the work is

placed.



Heat treatment:

➢ After the carburizing has been done, the case will container about

0.9% carbon, and will still contain about 0.15% carbon.

➢ Owing to the prolonged heating, the core will be coarse, and in

order to produce a reasonable toughness, it must be refined.

➢ To refine the core, the carburized steel is reheated to about 870c

and held at that temperature long enough to produce a uniformity

of structure, and is then cooled rapidly to prevent grain growth

during cooling.

➢ The temperature of this heating is much higher than that suitable

for the case, and therefore, an extremely brittle martensite will be

produced.

➢ The case and the outer layers of the core must now be refined.



Tempering:

➢ Finally the case is tempered at

about 200c to relieve the quenching

stresses.

➢ If the part is not required to resist

shock, it is unnecessary to carry out

the core refining operation.





Nitriding:

➢ Nitriding is a process, the surface is enriched not with carbon,

but with nitrogen. There are two systems in common use, gas

nitriding and salt bath nitriding.

Gas nitriding:

➢ The gas nitriding processes consists of heating the parts at

500c in a constant circulation of ammonia gas for up to 100

hrs.

➢ During the gas nitriding process, the parts are in an externally

heated gas-tight box, fitted with inlet and outlet bores for the

ammonia gas which supplies the nitrogen.



Nitriding in salt bath:

➢ Special nitriding baths are used for salt-bath nitriding.

➢ This process is suitable for all alloyed and unalloyed types of

steel, annealed or not annealed, and also for cast iron.

Process:

➢ The completely stress-relieved work pieces are pre-heated

before being put in the salt bath.

➢ A layer 0.01 to 0.02mm thick is formed on the surface which

consists of a carbon and nitrogen compound.



Advantages: 

➢ The parts can be final-machined before nitriding because no

quenching is done after nitriding, and therefore they will not

suffer from quenching distortion.

➢ In this process, the parts are not heated above the critical

temperature, and hence warping or distortion does not

occur.

➢ The hardness and wear-resistance are exceptional.

➢ There is a slight improvement in corrosion resistance as

well.



➢ In this type of hardening, the heat

is applied to the surface of the

work piece by specially

constructed burners.

➢ The heat is applied to the surface

very rapidly and the work is

quenched immediately by

spraying it with water.

➢ The hardening temperature is

generally about 50c than that for

full hardening.



Advantages:

➢ The hardening devices are brought to the 

work piece.

➢ It is advantages for large work pieces

➢ Short hardening time

➢ Great depth of hardening

➢ Easily controlled

➢ Small distortion

➢ Low fuel consumption

Disadvantages:

➢ Not suitable for small work piece because

of the danger of hardening through

➢ The work piece must be stress-relieved

before hardening.



➢ This is a production method of surface

hardening in which the part to be

surface hardened is placed within an

inductor coil through which a high

frequency current is passed.

➢ The depth of penetration of the

heating becomes less, as the

frequency increases.

➢ The depth of hardening for high

frequency current is 0.7 to 1.0mm.

➢ The depth of hardening for medium

frequency current is 1.5 to 2.0mm.

➢ Special steels and unalloyed steels

with a carbon content of 0.35 to 0.7%.





Advantages:

➢ The depth of hardening, distribution in width and the

temperature are easily controllable.

➢ The time required and distortion due to hardening are very

small.

➢ The surface remains free from scale.

➢ This type of hardening can easily be incorporated in mass

production.



Annealing:

➢ Soak at 900c for about four hours. Then cool slowly at not more

than 20c per hour to 600c. It may then be cooled room

temperature in still air.

Hardening:

➢ Pre-heat to 850c slowly to prevent cracking. Then heat rapidly to

approximately 1250c depending upon the alloy used.

➢ This rapid heating reduces grain growth.

➢ Quench in air blast or oil depending on the size of the

component. Because of the high temperature involved, oxidation

of the steel can be severe.

➢ This can be minimized in a double chamber muffle by using the

excess fuel to give a carburizing atmosphere





Secondary hardening:

➢ This is sometimes called tempering. However, this term is not

strictly true.

➢ Not only does secondary hardening increases the toughness

of the steel, it also increases the hardness where as

tempering increases the toughness at the expense of

hardness.

➢ The effect of secondary hardening helps these steels to work

effectively at very much higher temperature than plain carbon

steel.



Heat treatment of non-ferrous metals

Annealing:

➢ Like steel, non-ferrous metals can be softened by heating

and allowing to cool.

➢ This not only saves time but also cleans the back oxide film

from the surface of the component because of the rapid

contraction.

Hardening:

➢ Only a very few non-ferrous alloys can be hardened by

heating and quenching, like steel, and most non-ferrous

metals are hardened by cold working.

➢ As any one, who has tried copper smithing will know, the

metal starts to work-harden as it is beaten to shape and it

must be annealed from time to time to prevent it from

cracking.



Metal Temperature c

Cold working brasses 600 – 650

Copper 650 – 750

Aluminium 500 – 550

Duralumin 480 - 500

Heat treatment of non-ferrous metals




