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➢ Filing is a method for removing excess material from

a workpiece by using a file, which acts as a cutting

tool.



1) Tip or point : The end opposite to tang.

2) Face or edge : The broad part of the file with teeth cut on its 

surface.

3) Edge : The thin part of the file with a single row of 

parallel teeth.

4) Heel : The portion of the broad part without teeth.

5) Shoulder : The curved part of the file separating tang from 

the body.

6) Tang : the narrow and thin part of a file which fits into 

the handle.

7) Handle : The part fitted to the tang for holding the file.

8) Ferrule : a protective metal ring to prevent cracking of 

the handle.







➢ The teeth of a file are formed by cuts made on

its face.



➢ This file has one rows of teeth cut in one

direction across its face.

➢ The teeth are at an angle of 600 to the centre

line.

➢ This cut of files is useful for filing soft metal,

like brass, aluminium, bronze and copper.

➢ This file does not remove stock as fast as double

cut files.

➢ Surface finish obtained is much smoother.



➢ This file has two rows of teeth cut diagonal to each other.

➢ The first row of teeth is known as over cut.

➢ The first row of teeth is an angle of 700.

➢ The other cut, made diagonal to this, is known as up cut.

➢ The up cut is an angle of 510.

➢ Comparing, this removes stock faster than the single cut file.



➢This file has individual, sharp, pointed teeth 

in a line.

➢This file is useful for filing wood, leather and

other soft materials.

➢These files are available only in half round

shape.



➢These file have deeper cutting action.

➢This file is useful for filing soft materials, like

aluminium, tin, copper and plastic.

➢The curved cut files are available only in a flat

shape.



Length of file: Length is the distance from the tip 

of a file to the heel is called length of file.

Files are specified

according to their

length, grade, cut and

shape.



1) Rough file

2) Bastard file

3) Second cut file

4) Smooth file

5) Dead smooth file

File grades are determined by the spacing of the teeth.



➢This file for trimming the

rough edges of soft metal

casting.

➢It is used for removing rapidly

a larger quantity of metal.



➢ It is used in cases where

there is a heavy reduction

of material.

➢This file is used to give a good finish metal.

➢ It is excellent to file hard metal.

➢ It is useful for bringing the jobs close to the

finishing size.



➢This file is

used to

remove small

quantity of

material and

good finish.

➢This file is used to bring to accurate size with a

high degree of finish.





1) Flat file 

2) Hand file

Files: Files are made in different shapes so as to be able to file and finish

components to different shapes.

➢The shapes of files are specified by their cross section.



➢ These files are of a rectangular cross 

section.

➢ The edges along the width of these

files are parallel and then they taper

towards the point.

➢ The faces are double cut and the

edges single cut.

➢ These files are used for general

purpose work.

➢ They are useful for filing and finishing

external and internal surfaces.



➢ These files are similar to the

flat files in their cross

section.

➢ The edges along the width

are parallel throughout the

length.

➢ The faces are double cut.

One edge is single cut and

other is safe edge.





The base unit of length as per the system International is 

the meter.

One Meter (m) = 1000mm

One Centimeter (cm) = 10mm

One Millimeter (mm) = 1000 micron (μ)

One Micrometer (μm) = 0.001mm

➢ When we measure an object, we are actually comparing

it with a known standard of measurement.



➢Usually, in engineering practice, the preferred unit

of length measurement is a millimeter.



➢ An alternative system of length measurement is the British

system.

➢ This system, the base unit is the Imperial standard Yard.

➢ Most countries are used in this system.

➢ However, in the last few years, switched over to SI units.

➢ When dimensions are given in a drawing without any indication about

tolerance, it has to be assumed that measurements are to be made with

a steel rule.

➢ Steel rules are made of spring steel or stainless steel.

➢ The edges are accurately ground to form straight edges.

➢ The surface of the steel rule is stain-chrome finished to glare and

prevent rust.



➢Steel rules are available in

different lengths, like sizes

being 150mm, 300mm and

600mm.

➢The engineer’s steel rule

is graduated in 10mm,

5mm, 1mm and 0.5mm.

➢The reading accuracy of

the steel rule is 0.5mm.



➢ The method of using a try 

square and steel rule for 

accurate measurements.

➢ It is necessary to read

vertically and avoid errors.

➢ An experienced person can

transfer measurements

from a steel rule very

accurately.

➢ The steel rule graduations

are accurately engraved.

➢ The steel rule graduation

line thickness 0.12 to

0.18mm.



➢The try square is a precision 

instrument.

➢ It is used to check squarenees and

angles of 900

➢The accuracy of try square is

0.002mm per 10mm length.

➢The try square has a blade with

parallel surfaces.

➢The blade is fixed to the stock at

900

➢Try square is made of hardened

steel.

➢Try squares are specified by

according to the length of the

blade. Like 100mm, 150mm and

200mm.



The try square is used to check the

squareness.

Stock

Blade

90º



Machined or filed 

surfaces

Check flatness 

of surfaces.

Mark lines at 900 to 

the edges of work 

pieces. 



Set work piece at

right angles on

work-holding

devices.



➢ Jenny caliper are used for marking and layout

work.

➢ Calipers are also known as hermaphrodite

calipers, odd leg caliper and leg point caliper.

➢ Jenny caliper have one leg with an adjustable

divider point.

➢ Other leg is bent.

➢ This caliper is to make a firm joint.

➢ Calipers are available with bent leg and also

heel.



➢For marking lines

parallel to inside and

outside edges.

➢ Locating the centre of

round bars.

➢Scribing lines along

curved edges.



These types of calipers are

used for drawing parallel

lines along outer edges.

This type of caliper 

are used for 

drawing lines 

parallel along an 

inside edge.



The different marking media are whitewash, Prussian blue,

copper sulphate and cellulose lacquer.

➢Whitewash is applied

to rough forgings

and castings with

oxidized surfaces.

➢Whitewash is not

recommended for

work pieces of high

accuracy.



➢ Chalk powder mixed with water.

➢ Chalk mixed methylated spirit.

➢ White lead powder mixed with turpentine.

➢ This is used on filed or

machine-finished

surfaces.

➢ This will give clear lines

but takes more time for

drying.



➢ The solution is prepared

by mixing copper sulphate

in water and few drops of

nitric acid.

➢ The copper sulphate is

used on filed or machine-

finished surfaces.

➢ Copper sulphate needs to

be handled carefully as it

is poisonous.

➢ This is commercially

available marking

medium.

➢ It is made of different

colours and dries very

quickly.



Punches are used in order to make certain dimensional

features of the layout permanent.

1)Centre punch

2)Prick punch Prick 

punch

Centre 

punch



➢ The centre punch is an angle

of the point 900.

➢ The punch mark made by this

is wide and not very deep.

➢ This punch is used for locating

holes.

➢ The wide punch mark gives a

good seating for starting the

drill.



Drill bit slip into 

user. Centre punch 

has not been used



➢ The angle of the prick

punch is 300 or 600.

➢ The 300 point punch is

used for making light

punch marks needed to

position dividers.

➢ The divider leg will get a

proper seating in the punch

mark.

➢ The 600 prick punch is

used for marking witness

marks.





➢ The hand hacksaw is

used along with a blade to

cut metals of different

sections.

➢ It is also used to cut slots

and contours.

➢ Wing Nut

➢ Frame

➢ Frame length 

adjustment.

➢ Handle

➢ Fixed blade holder

➢ Adjustable blade 

holder.



1) Solid frame 

2) Adjustable frame

Only a particular standard length

of blade can be fitted to the frame.

It is not a particular standard

length of blade can be fitted to the

frame.





1) Adjustable frame (Flat type)

2) Adjustable frame (Tubular type)

This is the most 

commonly used type. It 

gives a better grip and 

control, while sawing.

Different standard 

lengths of blades can 

be fitted to the frame.



➢ Hacksaw blade is a thin

narrow steel band with teeth.

➢ And two pin holes at the ends.

➢ It is used along with a

hacksaw frame.

➢ The blade is made of low alloy

steel or high speed steel.

➢ Available in standard lengths

of 250mm and 300mm.



➢ Flexible blades

➢ Hard blades.

Theses blades, only the 

teeth are hardened. 

Because their flexibility

These are hardened to 

the full length between 

the pin holes.



The distance between 

adjacent teeth is 

known as the pitch of 

the blade.

According to the 

length, pitch and type.

Classification Pitch

Coarse 1.8mm

Medium 1.4 and 1.0mm

Fine 0.8mm



➢ To prevent the saw blade

binding when penetrating into

the material and to allow free

movement of the blade.

➢ The cut is to be broader than

the thickness of the saw blade.

➢ This is achieved by the setting

of the saw teeth.

1) Staggered set

2) Wave set



Alternate teeth or 

groups of teeth are 

staggered. This 

arrangement helps for 

free cutting and 

provide for good chip 

clearance.



In this, the teeth of the 

blade are arranged in a 

wave form.

Pitch Type of set

0.8mm Wave set

1.0mm Wave or staggered

Over 1.0mm Staggered



➢ Vice are used for holding work

pieces.

➢ Vices are available in different

types.

➢ Vice are used for bench work is

the bench vice.

➢ Bench vice is made of cast iron

or cast steel

➢ It is used to hold work for filing,

sawing, threading and other

hand operation.

➢ The size of the vice is stated by

the width of the jaws.

Moveable 

jawFixed jaw

Spindle



Filing operation

Sawing

Tapping

Chiseling

Filing operation

Sawing



1) Fixed jaw

2) Movable Jaw

3) Hard jaws

4) Spindle

5) Handle

6) Box nut

7) Spring

Hint: The box nut and the spring are the

internal parts.



➢To hold a finished work use soft 

jaws.

➢Vice clamps are made of

aluminium over the regular hard

jaws.

➢This will protect the work surface

from damage.



➢ The line marked on metal

surfaces is likely to be erased

due to handling.

➢ To avoid this, permanent

marks are made by placing

punch marks at convenient

intervals along the marked

line.

➢ Punch marks act as a witness

against in accuracies in

machining.

➢ Marking off or layout is

carried out to indicate the

location of operation to be

done

➢ Provide guidance during

rough machining or filing.



➢ Marking table is used as a

reference surfaces for marking

on work pieces.

➢ Marking table is an accuracy

surfaces.

➢ Marking table is made of cast

iron or granite.

➢ Marking table is available in

different sizes.

➢ These tables are also used for

setting measuring instruments

and for checking sizes

parallelism and angles.



➢ A marking table is very precise as an

equipment and should be protected from

damage and rust

➢ After use, the marking table should be

cleaned with a soft cloth.

➢ The surface of the marking table, made of

cast iron, should be protected by applying a

thin layer of oil.



The surface gauge is one of the most common marking tools 

used for

• Scribing lines parallel

to a datum line.

• Setting jobs on

machine parallel to a

datum surfaces.



• Checking the height

and parallelism of

jobs, setting jobs

concentric to the

machine.



➢ This surface gauges are

consist of a heavy flat base

and a spindle.

➢ Fixed with upright, to

which a scriber is attached

with sung and a clamp.

Fixed Scribing Block

Scriber

Nut

Spindle

Snug

Base



➢ The spindle can

be set to any

position.

➢ Fine adjustment

can be made

quickly.

➢ Can also be used

on cylindrical

surfaces.



➢Angle plates are

used to support the

job.

➢Provide a vertical or

angular plane for

marking

➢Angle plate is made

of cast iron or steel

and is machined

accurately to an

angle of 900.





SolidAdjustable Box

Precautions:

➢Angle plates should be carefully handled

and maintained.

➢Any nicks or scratches can spoil the

accuracy of the angle plates.



➢ In layout work, it is

necessary to scribe lines to

indicate the dimension of the

work pieces to be filled or

machined.

➢ It is made of high carbon

steel which is hardened.

➢For drawing clear and sharp

lines, a fine point is ground

at one end.

➢Scribers are available in

different shapes and sizes.

➢The most commonly used is

the plain scriber.

➢The scriber is used like a

pencil so that the lines

drawn.



➢Scriber points are very

sharp and they are to

be handled very

carefully.

➢Do not put the scriber

in your pocket.

➢Place a cork on the

point when not in use

to prevent accidents.



Example: The height of a person is measured from the floor on which he

stands the floor then become the datum or the common basis for measurement.

➢ A datum is reference surface,

line or point.

➢ To provide a common

position from which

measurement may be taken.

➢ The datum may be an edge

or centre line depending on

the shape of the work.

➢ For positioning a point, two

datum references are

required, like datum line and

edge datum

➢ For example, marking tables,

surface plates, angle plates,

“V” blocks and parallel

blocks serve as a datum.





1) Punching

2) Bending

3) Chipping

4) Forging

5) Riveting

An engineer’s hammer is a 

hand tool used for striking 

purpose, while





1) Head

2) Handle



1) Face

2) Pein

3) Cheek

4) Eye hole

The head is made of drop-

forged carbon steel and 

striking the face of head.

The wooden handle must 

be capable of absorbing 

shock.



The pein is the other end of the 

head. It is used for shaping and 

forming work, like riveting and 

bending.

The face is the striking 

portion. Slight convexity is 

given to it to avoid digging of 

the edge.



An eye hole is meant for fixing 

the handle. It is shaped to fit 

the handle rigidly. The wedges 

fix the handle in the eye hole.

The cheek is the middle portion 

of the hammer-head. The weight 

of the hammer is stamped here. 

This portion of the hammer-head 

is left soft.



An engineer’s hammers are specified by their

weight and the shape of the pein.

➢ Make sure the handle is properly fitted.

➢ Select a hammer with the correct weight suitable for the

job.

➢ Check the head and handle for any cracks.

➢ Ensure the face of the hammer is free from oil or grease.



1) Bevel gauge

2) Universal bevel gauge

3) Bevel protractor

This instrument is used to check the angles.



➢ The bevel gauge

cannot measure angles

directly.

➢ They are indirect

measuring instruments.

➢ The angles can be set

and measured with

bevel protractors.



➢ The universal bevel

gauge has an

additional blade.

➢ This helps in

measuring angles

which cannot be

checked with an

ordinary bevel

gauge.



➢ The bevel protractor

is a direct angular

measuring

instrument and has

graduations marked

from 00 to 1800.

➢ Angles can be

measured within an

accuracy of 10 using

this instrument.





1) Protractor head

2) Square head

3) Centre head

4) Rule

Combination set can be used for different types of work, like layout

work, measurement and checking of angles.



Protractor head

Square headCentre head

Steel rule



➢ The protractor head can

be rotated and set to

any required angle.

➢ The protractor head is

used for marking and

measuring angles within

an accuracy of 10.

➢ The spirit level attached

to this is useful for

setting jobs in a

horizontal plane.

900



➢ The square head has one

measuring face at 900 and

another at 450 to the rule.

➢ It is used to mark and

check 900 and 450 angles.

➢ It can also be used to set

work piece on the machine

and measure the depth of

slots.



This along with the rule is

used for locating the centre of

cylindrical jobs.

Precautions:
➢ For ensuring accurate

results, the combination set

should be cleaned well after

use.

➢ They should not be mixed

with cutting tools, either

while using or storing.



Steel rule

Square 

head



➢ The measurements are set on the dividers with a steel rule.

➢ The sizes of the dividers range between 50mm to 200mm.

➢ The distance from the point to the centre of the fulcrum roller (pivot) is

the size of the divider.

➢ For the correct location and seating of the divider legs, pick punch mark

of 300 are used.

➢ Both legs of the divider should always be of equal length.

➢ The divider point should be kept sharp in order to produce fine lines.

Dividers are used for scribing 

circles arcs and transferring 

and stepping of distances.

The type of their joints 

and length specifies 

dividers.

1) Firm joint of dividers

2) Spring joint of  dividers 





Drilling is a process of

making holes on work

pieces. The tool used is

a drill. For drilling the

drill is rotated with a

downward pressure

causing the tool to

penetrate into the

material.



1) Points 2) Shank

3) Tang 4) Body

5) Flutes 6) Land/margin

7) Body clearance 8) Web

The cone shaped end, which

does the cutting, is called the

point. It consists of dead centre,

lips or cutting edges and heel.



2) Shank: This is the driving end of the drill, which is fitted on

to the machine. Shanks are of two types i.e. taper shank, used

for larger diameter drills and straight shank used for smaller

diameter drills.

3) Tang: This is the part of the taper shank drill, which fits

into the slot of the drilling machine spindle.

4) Body: The portion between the point and the shank is called

the body of a drill. The parts of the body are flute,

land/margin, body clearance and web.

5) Flutes: Flutes are the spiral grooves which run to the length

of the drill. The flute helps to form the cutting edges, to curl

the chips and allow these come out, the coolant to flow to the

cutting edge.



6) Land/Margin: The land/margin is the narrow strip which extends to

the entire length of the flutes. The diameter of the drill is measured

across the land/margin.

7) Body clearance: Body clearance is the part of the body which reduced

in diameter to cut down the friction between the drill and the hole being

drilled.

8) Web: Web is the metal column, which separates the flutes it gradually

increases in thickness towards the shank.



➢ The sensitive bench-drilling

machine.

➢ The pillar drilling machines.

➢ The column drilling machine

and the radial arm-drilling

machine.



➢This is used for light duty

work.

➢This machine is capable of

drilling holes up to 12.5mm

diameter.

➢The drills are fitted in the

chuck or directly in the

tapered hole of the

machines spindle.

➢Different spindle speeds are

achieved by changing the

belt position in the stepped

pulley.



➢This is an enlarged version of

the sensitive the bench

drilling machine.

➢These drilling machines are

mounted on the floor and

driven by more powerful

electric motors.

➢They are used for heavy duty

work.



Large machines are provided with rack and pinion

mechanism for moving the table for setting the work.





➢ Straight shank drills are

held in drill chucks.

➢ For fixing and removing

drills, the chucks are

provided either with a

pinion and key or knurled

ring.

➢ The drill chucks are held

on the machine spindle by

means of an arbor fitted

on the drill chuck.

Drill holding devices are

➢Drill chucks

➢Sleeves

➢Sockets.



➢ Taper shank drills have a Morse taper.

➢ Sleeves and socket are made with a same taper so that the

taper shank of the drill, when engaged will give a good

wedging action. Due to this reason Morse taper are called self

holding tapers.

➢ Drills are provided with five different sizes of Morse tapers,

and are numbered from MT1 to MT5.

➢ In order to makeup the difference in sizes between the shank

of the drills and type of machine spindles, sleeves of different

sizes are used.

➢ When the drill taper shank is bigger then the machine

spindle, tapers sockets are used.

➢ While fixing the drill in a socket or sleeve, the tang portion

should align in the slot.

➢ Use a drift to remove drills and sockets from the machine

spindle.





While removing the drill from the socket or sleeves

don’t allow it to fall on the table or jobs.



➢ Most of the drilling work can

be held in a machine vice.

➢ Ensure that the drill does not

drill through the vice after it

has passed through the work.

➢ For this purpose the wok can

be lifted up and secured on

parallel blocks providing a

gap between the work and

the bottom of the vice.

➢ Work pieces, which are not

accurate, may be supported

by wooden pieces.

Work holding devices are 

➢The machines vice

➢Clamps

➢Bolts.
Fixed jaw

Moveable 

jaw

Spindle

Machine 

table



➢ Drilling machines tables are provided with “T” slots for fitting bolt

heads.

➢ Using clamps and bolts, the work pieces can be held very rigidly.

➢ While using this method, the packing should be, as per as possible, of

the same height as the work, and the bolt nearer to the work.

➢ There are many types of clamps and it is necessary to determine the

clamping method according the work.





➢ For a drill to give a satisfactory performance, it must 

operate at correct cutting speed and feed.

➢ Cutting speed is the speed at which the cutting edge

passes over the material while cutting, and is expressed in

meters per minute.

➢ Cutting speed is also some times stated as surface speed

of peripheral speed.

➢ The selection of the recommended cutting speed for

drilling depends on the materials to be drilled, and the tool

material.

➢ Tool manufactures usually provide a table of cutting

speeds required for different materials.

➢ Based on the cutting speed recommended, the RPM, and

which a drill has to be driven is determined.



The recommended cutting speeds of different material are given the table.

Material being drilled for H.S.S
Cutting speed 

(m/min)

Aluminium 70 to 100

Brass 35 to 50

Bronze (Phosphor) 22 to 35

Cast iron (Grey) 25 to 40

Copper 35 to 45

Steel (Medium carbon/ mild 

steel)

20 to 30

Steel (Alloy, high tensile) 5 to 8

Thermo setting plastics (Low 

speed due to abrasive properties)

22 to 30



n = RPM

v = cutting speed in meter per minute

d = diameter of the drill in mm.

= 3.14








=


=

d

V
n

dn
V

1000

1000

It’s the peripheral speed
of the drill



Calculate the RPM for a high-speed steel drill diameter 24 to

cut mild steel. The cutting speed for MS is taken as 30 m/min

from the table.

Solution

2414.3

301000




=n








=


=

d

V
n

dn
V

1000

1000



Feed is the distance (X) a drill advance into the work in 

one complete rotation. As shown in then figure. And is 

expressed in hundredths of a millimeter. 

Feed is dependent upon a

number of factors:

➢Finish required

➢Type of drill (drill material)

➢Material to be drilled.



Drill diameter 

(mm) H.S.S

Rate of feed 

(mm/rev)

1.0 – 2.5 0.040 – 0.060

2.6 – 4.5 0.050 – 0.100

4.6 – 6.0 0.075 – 0.150

6.1 – 9.0 0.100 – 0.200



1) Individual blades (Internal and External)

2) External radius gauges

3) Internal radius gauges.

➢ These gauges are made of high quality steel sheets, and external 

finished to accurate radius.

➢ Radius gauges are available in sets of several blades held in a 

holder.

➢ Radius gauges are used to check the internal and external radius 

of work pieces.





➢ Ensure the gauges are perfectly

clean.

➢ Remove burrs, if any, from the work

pieces.

➢ Check and make sure there is no

damage to the profile of the gauge.



Cutting fluids play an important role in reducing

the wear of cutting tools.

➢Carry away the heat generated during cutting 

operations.

➢Flush away the chips from the cutting point.

➢Maintain accurate dimension.

➢Produce good quality finish.

➢Prevent corrosion.

➢Operate machines on a high cutting speed and feed.



1) Soluble oil

2) Synthetic soluble cutting oils.

➢ This is an emulsified oil, which, when mixed with

water.

➢ Soluble oil comparatively cheap, and can be used for

number of machining operations.

➢ Soluble oil should be mixed correctly and the

proportions of oil and water.



1) SERVO CUT ‘S’

2) SERVO CUT ‘XL’

3) SERVO CUT ‘CLEAR’

➢ Servo cut ‘S’ oil when mixed with water, forms a milky

emulsion.

➢ This oil has high cooling and lubricating properties.

➢ It is capable of minimizing tool-wear and improving the

surfaces finish.

➢ This oil recommended for a variety of cutting operations

of ferrous and non-ferrous metals.



➢This, when mixed with water, forms an opaque

emulsion.

➢This oil gives good performance in hard water.

➢ When mixed with water and used, will give clear visibility

during machining.

➢ This has excellent cooling and lubrication properties.

➢ It is capable of ensuring long tool life and improved

surface finish.



➢ This oil consists basically of a mixture of chemicals, 

which are soluble in water and are mainly used as 

grinding coolants.

1)Servo synthetic 2: It is suitable for grinding

ferrous metals, high nickel and titanium alloys

only.

2) Servo synthetic 5: It is suitable for grinding

iron, steel, non-alloyed and nickel chrome steel.

1) Servo synthetic 2

2) Servo synthetic 5



➢ The cold chisel is a hand cutting tool used by

fitters for chipping and cutting off operation.

➢ Chisels are made from high carbon steel or

chrome vanadium steel.

➢ The cross-section of chisels is usually

hexagonal or octagonal.

➢ The cutting edge is hardened and tempered.

➢ The length of the chisels ranges from 150mm to

400mm.



Chipping is an operation

of removing excess metal

with the help of a chisel

and hammer.



➢Head

➢Body

➢Point or cutting edge

1) Flat chisel

2) Cross-cut chisel

3) Half round nose

chisel

4) Diamond point chisel

5) Web chisel or

punching chisel



They are used to remove 

metal from large flat 

surfaces and chip excess 

metal off weld joints and 

castings.

These are used for 

cutting keyways, 

grooves and slots.



They are used for cutting 

curved grooves.

These are used for 

squaring material at the 

corners.



These chisels are used for 

separating metals after 

chain drilling.

➢Length

➢Width of the cutting edge

➢Type

➢Cross-section of the body



➢ The correct point or cutting angle () of the chisel

depends on the material to be chipped.

➢ Sharp angle are given for soft materials, and wide angle

for hard materials.

➢ The correct point angle and angle of inclination generate

the correct rake and clearance angle.



Rake angle () is the angle 

between the top face of the 

cutting point, and normal to the 

work surface at the cutting 

edge.

➢ Clearance angle () is the angle

between the bottom face of the

point and tangent to the work

surface originating at the cutting

edge.

➢ If the clearance angle is too low

or zero, the rake angle increase.

➢ The cutting edge cannot

penetrate into the work.

➢ The chisel will slip.

➢ If the clearance angle is too

great, the rake angle reduces.

➢ The cutting edge digs in, and the

cut progressively increases.



Material to be cut Point angle Angle inclination

High carbon

Steel 650 39.50

Cast iron 600 370

Mild steel 550 34.50

Brass 500 320

Copper 450 29.50

Aluminium 300 220



Off-hand grinding is the operation of removing material

which does not require great accuracy in size or shape.



Bench grinders are fitted to a 

bench or table, and are useful 

for light duty work.

➢ Pedestal grinders are mounted on a

base, which is fastened to the floor.

➢ They are used for heavy duty work.

➢ These grinders consist of an electric

motor and two spindles for mounting

grinding wheels.

➢ On one spindle a coarse-grained

wheel is fitted, and on the other, a

fine grained wheel.

➢ For safety, while working, wheel

guards are provided.

1) Bench grinder

2) Pedestal grinders





➢Flat file

➢Hand file

➢Square file

➢Round file

➢Half round file

➢Triangular file

➢Knife edge file

➢ The square file is square

in its cross section.

➢ It is used for filling

square holes, internal

square corners,

rectangular openings, key

ways and splines.



➢ A round file is circular in

its cross section.

➢ It is used for enlarging the

circular holes and filling

profiles with fillets.

➢ A half round file is in the

shape of a segment of a

circle.

➢ It is used for filling internal

curved surfaces.



➢ A triangular file is of a

triangular cross section.

➢ It is used for filling

corners and angles which

are more than 600.

➢ A knife edge file has the

cross section of a sharp

triangle.

➢ It is used for filling narrow

grooves and angles above

100.





➢ A vernier caliper is a precision measuring

instrument.

➢ It is used to measure up to accuracy of 0.02mm.

➢ Vernier calipers are available in sizes of 150mm,

225mm, 900mm and 1200mm.



➢Fixed jaws

➢Movable jaw

➢Beam

➢Depth bar

➢Thumb lever

➢Vernier scale

➢Main scale

➢Vernier slide



➢ Vernier caliper

should be used only

to measure machined

or filed surfaces.

➢ They should never be

mixed with any other

tools.

➢ Clean the instrument

after use, and store it

in a box.





Vernier is a secondary scale, which slides along the main scale

➢ Vernier calipers are available with different

accuracies.

➢ The selection of the vernier caliper depends on the

accuracy needed and the size of the job to

measured.

➢ This accuracy or least count is determined by the

graduations of the main scale and the vernier scale

division.



Vernier scale division is a 10 division.

➢ Main scale division = Vernier scale

➢ Main scale division (9mm) = Vernier scale (10

division).

mmLeastcount

vsd

msd
Leastcount

vsdmsdLeastsount

1.0
10

9
1

1

11

=−=

−=

−=



Vernier scale division is a 50 division.

➢ Main scale division = Vernier scale

➢ Main scale division (49mm) = Vernier scale (50

division).

mmLeastcount

vsd

msd
Leastcount

vsdmsdLeastsount

02.0
50

49
1

1

11

=−=

−=

−=



Total length = M.S.D + (C.V.D x L.C)

Vernier scale 

(vsd)

Main scale 

(msd)











Uses of radial drilling machines are used to 

drill

➢Large diameter holes

➢Multiple holes in one setting of the work.

➢Heavy and large work pieces.

➢ The radial drilling machine has a radial arm on which the

spindle head is mounted.

➢ The spindle head can be moved along the radial arm and can

be locked in any position.

➢ The arm supported by a pillar or column.

➢ The motor mounted on the spindle head rotates the spindle.

➢ The variable speed gear box provides large range of R.P.M

➢ The spindle can be rotated in both directions.



Precautions:

➢ Ensure that the spindle

head and the arms are

locked properly to avoid

vibration.

➢ Switch off power when not

in use.

➢ Use the drill drift for

removing the drills, chucks

or sockets.

➢ Use minimum number of

sockets and sleeves to

make for the spindle box

size.

➢ Clean and oil the machines

after use.

➢ Use a brush to clean the

chips.



➢ Point angle 

➢ Helix angle

➢ Rake angle

➢ Chisel edge angle

➢ Clearance angle

The two most common types are

1. HSS drill - Low cost

2. Carbide- tipped drills - high production and in CNC machines



➢The point angle of a

general purpose.

➢ It is an angle of 1180

➢This is the angle between

the cutting edges (lips).

➢The angle varies

according to the hardness

of the material to be

drilled.



➢ Twist drills are made with 

different helix angles.

➢ The helix angle 

determines the rake angle 

at the cutting edge of the 

twist drill.

➢ The helix angles vary 

according to the material 

being drilled.

➢ According to Indian 

standards, three types of 

drills are used for drilling 

various materials.

Type – N For normal low carbon steel

Type – H For hard and tenacious material

Type – S For soft and tough material.



➢ Rake angle is the angle 

of flute (helix angle)

➢ The clearance angle is to prevent

the friction of the tool behind

the cutting edge.

➢ This will help in the penetration

of the cutting edge into the

material.

➢ The clearance angle is too much,

the cutting edge will be weak,

and if it is too small, the drill

will not cut.



This is the angle between the chisel edge and the cutting lip.

Designation of drills:
Twist drills are designated by the

•Diameter 

•Tool type

•Material.

Example: Twist drill 9.50 – H – IS5101 – HS

9.50 = Diameter of drill

H = Tool type

IS5101 = IS No

HS = Material.



➢ Oversized holes

➢ Overheated drills

➢ Rough holes

➢ Unequal and interrupted flow of chips

➢ Split webs or broken drills

➢ Unequal length of cutting edge.

➢ Unequal angle of cutting edge.

➢ Unequal point thinning

➢ Spindle running out of centre

➢ Drill point not in centre. 



➢ Cutting speed is too high

➢ Feed rate is too high

➢ Clearance angle is

incorrect

➢ Drill is not sharp

➢ Cooling ineffective point

angle is incorrect

➢Feed rate is too much

➢Drill cutting edge are not sharp

➢Cooling is ineffective

➢ Unequal flow of chips is caused if 

the    cutting edges are not equal 

and point angle is not in the center 

of the drill.



When soft materials such as

aluminium, copper, lead etc,

are ground, the metal

particle gets clogged in the

pores of the wheel. This

condition is called loading.



When a surface of the wheel

develops a smooth and shining

appearance, it is said to glazed.

The purpose of dressing is to

restore the correct cutting action

of the wheel. Dressing removes

the clogs on the surface of the

wheel and blunt grains of the

abrasive.

Truing refers to the shaping of the wheel to

make it run concentric with the axis. When a

new grinding wheel is mounted, it must be

trued before use.





1) Star wheel

dresser

2) Diamond dresser

➢ The star dresser consists of a number of

hardened star-shaped wheels.

➢ The wheel mounted on a spindle at one

end and a handle at the other end.

➢ The star wheel revolves and digs into the

surface of the grinding wheel.

➢ This releases the wheel loading and dull

grains, exposing sharp new abrasive

grains.

➢ Star wheel dressers should be used only

on wheel, which are large enough to take

the load.



Diamond dressers consist of a small diamond

mounted on a holder, which can be held rigidly on

the work-rest.



Micrometer is a precision instrument used to measure a job,

generally an accuracy of 0.01mm.



Frame: The frame is made of dropforge steel or malleable cast iron. All other

parts of the micrometer are attached to this.

Barrel or sleeve: This is fixed to the frame. The datum line and graduations are

marked on this.

Thimble: On the beveled surface of the thimble also, the graduation is marked.

The spindle is attached to this.

Spindle: One end of the spindle is the measuring face. The other end is

threaded and passes through a nut. The threaded mechanism allows for the

forward and backward movement of the spindle.

Anvil: The anvil is one of the measuring faces, which is fitted on the micrometer

frame. It is made of alloy steel and finished to a perfectly flat surface.

Spindle lock nut: The spindle lock nut is used to lock the spindle at a desired

position.

Ratchet stop: The ratchet stop ensures a uniform pressure between the

measuring surfaces.



The micrometer works on the principle of screw and nut. The

longitudinal movement of the spindle during one rotation is equal to

the pitch of the screw. The movement of the spindle to the distance of

the pitch or its fractions can be accurately measured on the barrel

and thimble.



➢ In metric micrometers the pitch of the spindle thread is 0.5 mm.

➢ Thereby, in one rotation of the thimble, the spindle advances by

0.5 mm.

➢ On the barrel a 25 mm long datum line is marked. This Line is

further graduated to millimeters and half millimeters (i.e. 1 mm

& 0.5 mm). The graduations are numbered as 0, 5, 10, 15, 20 &

25 mm.

➢ The circumference of the bevel edge of the thimble is graduated

into 50 divisions and marked 0-5-10-15 ... 45-50 in a clockwise

direction.

➢ The distance moved by the spindle during one rotation of the 

thimble is 0.5 mm.

➢ Movement of one division of the thimble = 0.5 x 1/50 = 0.01 mm



➢ Outside micrometers are available in ranges of 0 to 25 mm, 25 to 50 

mm, 50 to 75 mm, 75 to 100 mm, 100 to 125 mm and 125 to 150 

mm.

➢ For all ranges of micrometers, the graduations marked on the barrel

are only 0-25 mm.



➢ How to read a measurement with an outside micrometer?

➢ First note the minimum range of the outside micrometer. While measuring with a

50 to 75 mm micrometer, note it as 50 mm.

➢ Then read the barrel graduations. Read the value of the visible lines on the left of 

the thimble edge.

➢ 13.00mm + 00.50 mm

➢ 13.50 mm 

➢ Next read the thimble graduations.

➢ Read the thimble graduations in line with the barrel datum line, 13th div.



Total reading = Barrel reading + (Thimble reading x Least count)

Barrel reading = 12.5mm

Thimble reading = 16 x 0.01 =   0.16mm

Total reading = 12.66mm

Ranges of micrometer 

0-25mm



Find the reading of outside micrometer, as shown 

below figure. Ranges of micrometer 25 – 50mm



For angular measurements a complete circle is divided into

360 equal parts. Each division is called a degree. (A half circle

will have 180°.)

➢One complete circle . 360°

➢1/2 circle 180°

➢1/4of a circle 90° (right angle)



The vernier bevel protractor is a precision instrument meant for

measuring angles precisely to an accuracy of 5 minutes. (5')



Stock: This is one of the contacting surfaces during the measurement

of an angle. Preferably it should be kept in contact with the surface

from which the inclination is measured.

Disc: The disk is an integrated part of the stock. It is circular in shape,

and the edge is graduated in degrees.

Dial: It is pivoted to the disc and can be rotated through 360°. The

vernier scale of the instrument is attached to the dial. The dial is

locked to the disc during reading the measurement.

Blade: This is the other contacting surface of the instrument that

contacts the work during measurement, preferably the inclined

surfaces. It is fixed to the dial with the help of the clamping lever. A

parallel groove is provided in the centre of the blade to enable it to be

longitudinally positioned "whenever necessary.

Locking screws: Two knurled locking screws are provided, one to lock

the dial to the disc, and the other to lock the blade to the dial.

All parts are made of good quality alloy steel, properly heat-treated and

highly finished. A magnifying glass is sometimes fitted for clear reading

of the graduations.



➢ The vernier bevel protractor is used to measure acute angles,

i.e. less than 90° and obtuse angles i.e. more than 90° for

setting work-holding devices to angles on machine tools,

work-tables etc.

As shown figure, to identify the acute angle and obtuse angle





➢ For purposes of taking 

angular measurements, the 

full circumference of the 

disc is graduated in 

degrees.

➢ The 360° are equally

divided and marked in four

quadrants, from 0 degree to

90 degrees, 90 degrees to 0

degree, 0 to 90 degrees and

90 degrees to 0 degrees.

➢ Every tenth division is

marked longer and

numbered. Each division

represents 1 degree.



➢ The graduations on the disc are known as the main scale

divisions. On the dial, 23 divisions spacing of the main scale

is equally divided into 12 equal parts on the vernier.

➢ Each 3rd line is marked longer and numbered as 0, 15, 30,

45, 60. This constitutes the vernier scale. Similar graduations

are marked to the left of 0 also.



When the zero of the vernier scale coincides with the zero of the 

main scale, the first division of the vernier scale will be very close to 

the 2nd main scale division.

For any setting of the blade and stock, the reading of the acute 

angle and the supplementary obtuse angle is possible, and the 

two sets of the vernier scale graduations on the dial assist to 

achieve this. 



Example: 10 x 5' = 50'

Total up both the readings to get the 

measurements. = 41° 50'



➢ A vernier depth gauge

is a very commonly

used precision

instrument for the

measuring of holes,

recesses, slots and

steps.

➢ Its construction and

method of reading are

similar to those of a

vernier caliper.



1) Base

2) Graduated beam

3) Clamping screw

4) Fine adjustment mechanism 

5) Vernier scale



➢ The base (anvil) is the fixed unit and

serves as a datum for measurement.

It also carries the vernier scale and

the fine adjustment mechanism.

➢ The beam with the main scale

graduations is the sliding member or

part.

➢ Fine adjustments for measurement

are made after tightening the

clamping screw and the fine

adjustment mechanism.

➢ While taking measurements the base

should be firmly held against the

reference surface.

➢ The relief given at the end of the

beam of some vernier height gauges

is to avoid the seating in the corners

of slots and to ensure correct

reading.





➢ Accurate measurements are important in layout (marking off) and

inspection work.

➢ Vernier height gauges are particularly suitable for marking off

accurate distances, and centre locations.

➢ The graduations and readings are the same as those of a vernier

caliper.



1)Base

2)Beam

3)Veriner slide

4)Fine setting device

5)Vernier plate

6)Locking screws

7)scriber



Scriber

Magnifying 

glass

Vernier 

slide

Vernier 

scale

Fine adjustment 

screw

Locking 

screw

Main scale

Locking 

screw



Straight 

scriber

Offset 

scriber





Countersinking is an operation of

bevelling the end of a drilled hole. 'The

tool used is called a countersink.

➢ To provide a recess for the head of a countersink screw, so that it 

is flush with the surface after fixing   

➢ To deburr a hole after drilling

➢ For accommodating countersink rivet heads

➢ To chamfer the ends of holes for thread cutting and other

machining processes.

Countersink 

tool

Countersink 

screw



75° countersink riveting

80° countersink self-tapping screws

90° countersink head screws and debarring

120° chamfering ends of holes to be threaded or other

machine processes.

1)Countersink without pilot

2)Countersink with pilot









Counter boring is an operation of enlarging a hole to a given

depth, to house heads of socket heads or cap screws with the

help of a counter bore tool.

Counter boring 

tool

Counter bore



➢ The tool used for counter boring is called

a counter bore. Counter bores will have

two or more cutting edges.

➢ At the cutting end, a pilot is provided to

guide the tool concentric to the previously

drilled hole. The pilot also helps to avoid

chattering while counter boring.

➢ Counter bores are available with solid

pilots or with interchangeable pilots. The

interchangeable pilot provides flexibility

of counter boring on different diameters

of holes.



➢ Spot facing is a machining

operation for producing a flat

seat for bolt head, washer or nut

at the opening of a drilled hole.

The tool is called a spot facer or

a spot-facing tool. Spot facing is

similar to counter boring, except

that it is shallower. Tools that

are used for counter boring can

be used for spot facing as well.

➢ Fly cutters also do spot facing by

end-cutting action. The cutter

blade is inserted in the slot of the

holder, which can be mounted

on to the spindle.
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