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This book “Basic Mechanical Engineering” has been written entirely based
on new syllabus framed by TNSCERT. The subject matter is explained in
a simple manner and simple language, lightened by sufficient colourful
diagrams, illustrations with learning objectives.

In each chapter, Quotes, Activities, “Do you Know” and web search
link have been given to enhance the student knowledge. QR Codes, ICT
Corner for the tough area of the subject are marked which helps the
students to understand the subject further in detail and quickly. Line
diagrams as well as 3-Dimension views are given for easy understanding.
Model Question has also been included at the end of the last chapter. Case
studies are included at the end of this book which focus the importance of
this Basic Mechanical Engineering course and also motivate the students
to join and learn in the Engineering fields.

We sincerely convey our thanks to the Director, Joint Director and
Staff members whose patronage on this book to come out successfully and
the committee of experienced Teachers who beard the responsibility of the
book to come out in good shape.

In spite of all our efforts, some errors and mistakes might have
crept in. Any error or misprint, if pointed out and any suggestion for the
improvement of the book will be thankfully acknowledged.
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CAREER GUIDANCE

AFTER COMPLETION OF 12TH VOCATIONAL GROUP

Basic Mechanical Engineering

Higher Education (Vertical Mobility)

1. Directly to Join 2nd year Diploma Engineering in Government and Government Aided and private
polytechnics.

2. 10% of the Seats are allotted to Government and Government Aided and Private Engineering
colleges to join first year Bachelor of Engineering (B.E).

3. To Distance Education Directly undergo the course AMIE which is equal to Government
Engineering Courses.

Arts Group Area

1. +2 Vocational Groups Students are eligible to Join Ist year Diploma Teacher Training Course.
2. Directly Join B.A. Arts Group Except — Physics, Chemistry, Biology major all other Science group.
3. Directly Join B.Sc-Maths Group and B.Sc-Computer Science.

Horizontal Mobility
Employments
1. Directly Join to Reputed Industries as Apprentice Training/Factory Training like

a) Ashok Leyland (Chennai and Hosur)
b) TVS Groups (Chennai, Hosur, Madurai, etc.)
c) Simpson Engineering Groups (Chennai, Hosur, Redhills, etc.)
d) Hyundai Car Company (Sriperumbudur, Irrungattukotttai, Chennai)
e) Ford India Ltd. (Maraimalai Nagar, Kanchipuram Dt.)
f) All Reputed Service centers like TVS, VST and Hyundai, Ford etc.

g) All Automobile leading manufacturing, repairing and servicing centers.

Self-Employment

1. Vocational Students after getting Apprentice Training Industry Training are eligible to get small
scale Industry Loan from Hudco, TIDCO, SIDCO etc.

2. After getting required experience in the field, they are eligible to get minimum loans under the
scheme of

a) NRY (Nehru Rozhar Yogana)

b) PMRY (Prime Minister Rozhar Yogana)

¢) TRYSEM (Training for Rural Youth and Self Employment)
d) PMKVY (Pradhan Mantri Kaushal Vikas Yojana)
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@ Learning Objectives

B Students to learn about the construction of Lathe and its parts, structure and
its operation.

To understand the feed mechanism of tumbler gear and apron in lathe.

®  To know about the types of lathe and its details, difference between capstan
and turret lathe and work holding devices in lathe.

® To understand the cutting speed, feed and depth of cut in a lathe, various
types of operation and taper turning methods and thread cutting operation.

"Panivudaiyan insolan aadhal oruvarku
Aniyalla matru pira . —Kural 95

Humility with pleasant speech to man on earth, Is choice
adornment, all besides is nothing worth.

CONTENTS
1.1 Introduction 1.12 Types of lathe
1.2 Turning 1.13 Differences between capstan and
1.3 Structure of a lathe turret lathe
1.4 Main parts of a lathe 1.14 Specification of lathe
1.5 Feed mechanisms 1.15 Work holding devices used in a lathe
1.6 Tumbler gear 1.16 Cutting speed, feed and depth of cut
in lathe

1.7 Apron
1.17 Tools used in a lathe

1.8 Spindle Mechanism
1.18 Operations performed in a lathe

1.9 Stepped cone pulley mechanism
1.19 Taper turning

1.10 Back gear mechanism
1.20 Thread cutting

1.11 Gear box mechanism
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"_The inventor of Lathe is Henry Maudslay, in the year 1797. He
is also called as father of Machine Tools.

|1.1 Introduction

Lathe is considered as one of the oldest
machine tools and is widely used in
industries. It is called as mother of
machine tools. The first screw cutting

In this process, excess unwanted metal
is removed. The machine tool useful
in performing plain turning, taper
turning, thread cutting, chamfering
and knurling by adopting the above
method is known as lathe.

lathe was developed by an Englishman
named “Henry Maudlay” in the year 1797.
Modern high speed, heavy duty lathes are
developed based on this machine.

W Turning

The primary task of a lathe is to
generate cylindrical workpieces. The
process of machining a workpiece to
the required shape and size by moving
the cutting tool either parallel or

@ perpendicular to the axis of rotation Turning ®
of the workpiece is known as turning.

Work Rotating direction L

<«
Direction

Cutting tool of feed

View of Lathe

2 CHAPTER 01 LATHE
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|1.3 Structure of Lathe

The lathe has bed on which head stock
is mounted on left end, tailstock at right

end and carriage is placed and moved on
the bed.

™. Main parts of a lathe

Every individual part performs an
important task in a lathe. Some important
parts of a lathe are listed below.

1. Bed
2. Headstock

3. Spindle

c. Compound rest
d. Compound slide
e. Tool post
f. Apron
6. Leadscrew
7. Feed rod
Bed

Bed is mounted on the legs of the lathe
which are bolted to the floor. It forms
the base of the machine. It is made of
cast iron and its top surface is machined
accurately and precisely. Headstock of
the lathe is located at the extreme left
of the bed and the tailstock at the right

4. Tailstock ard - . . .
LXSIZX extreme. Carriage is placed in between
5. Carriage the headstock and tailstock moves on the
a. Saddle bed guide ways.
b. Cross — slide
Bed Thread chasing dial
. Cross-slide
Live centre
Compound rest
Spindle EOO'ZOSt
Headstock eadcentre
N\ Tailstock spindle
4 A J—Tailstock
v LE l
| \Hl : : | I:I]- [E
Rack
)/ v = : (f) J
Lnnnnnni nnnnnnnnnnl
Ennnooooooooom o ( Iﬂ[][][][][][][][][][][][l-ll
« ( @ — > N | Leadscrew
k ° O .
g 4 N — Feed rod

\ ] ]

\ |

l

Apron

7
/
/
/

\— Half-nut lever
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The top of the bed has a guideways
which is manufactured in two shapes

1. Flat shaped
2. V - Shaped

Flat shaped V - Shaped

The tailstock and the carriage
slides on these guideways. Flat bed guide
ways can be found in older machine
tools. It is useful in heavy duty machines,
handling large workpieces. Though, it
is less accuracy. V-type bed have been
found in modern machine tools. This
type of V-bed gives accurate alignment to
carriage and tailstock. The metal chips
automatically fall through.

Headstock

Headstock is mounted permanently on
the inner guideways at the left hand side
of the lathe bed. The headstock houses
a hollow spindle and the mechanism for
driving the spindle at multiple speeds. The
headstock will have any of the following
arrangements for driving and altering the
spindle speeds.

Headstock

1. Stepped cone pulley mechanism
2. Back gear mechanism

3. Gear box mechanism

Spindle

The spindle freely rotates on two large
bearings housed on the headstock casting.
It is made of carbon or nickel chrome
steel. A hole extends through the spindle
so that a long bar stock may be passed
through the hold. The front end of the
spindle is threaded on which any one of
the work holding devices can be screwed.
The front end of the hole is tapered to
receive live centre which supports the
work. On the other side of the spindle,
a gear known as a spindle gear is fitted.
Through this gear, tumbler gears and a
main gear train, the power is transmitted
to the gear on the lead screw.

Taper sleeve

7 Live
?/////////////////////////////////////////////////////A///////f/

S centre

Spindle

Hole

Spindle

Tailstock

Tailstock is located on the inner
guideways at the right side of the lathe
bed. The body of the tailstock is bored
and houses the tailstock spindle. The
spindle moves front and back inside the
hole. The spindle has a tapper hole to
receive the dead centre or shanks of tool
like drill or reamer. If the tailstock hand
wheel is rotated in clockwise direction,
the spindle advances. The spindle will be
reversed inside the hold, if the handwheel
is rotated in anti-clockwise direction.

4 CHAPTER 01 LATHE
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Clamp

Spindle
Dead

Screw
) Handwheel

A N e e

centre
2, %
%, /// ///// L~
- Setover
1 screw
Bed—l
{ e e }
Tailstock

To remove the dead centre or
any other tool from the spindle, the
handwheel is rotated in anticlockwise
direction further. The movement of the
spindle may be locked by spindle clamp,
located on top of the tailstock. To hold
different lengths of work, the tailstock
can be adjusted and locked at desired
position on the lathe bed. The casting
of the tailstock body is divided into two.
The lower casting of the body can be
clamped to the bed. The upper casting
can be moved sidewards from lathe axis.

Uses of Tailstock

1. It supports the right end of the
long workpiece when it is machined

between centres.

2. Itis useful in holding tools like drills,
reamers and taps when performing
drilling, reaming and tapping.

The upper casting of the body is set
off by a small distance from the axis
of the lathe to turn tapers on the work
pieces.

It is useful in setting the cutting tool
at correct height aligning the cutting
edge with lathe axis.

Carriage

Carriage is located between the headstock
and tailstock on the lathe bed guideways.
It can be moved along the bed either
towards or away from the headstock. It
has several parts to support, move and
control the cutting tool.

‘ ‘ XII BME_English version CHAPTER 01.indd 5

| Toolpost
Compound f Compound
rest slide
Cross-slide I \V I Cross-slide
Chasing dial Y handwheel
o | 4— Saddle
<«———Apron
Longitudinal
feed o @f
handwheel [ Q)]
° O
Carriage
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The parts of the carriage are
a. Saddle
b. Cross slide
c. Compound rest

d. Compound slide

e. Tool post
f. Apron
Saddle

Saddle connects the front and back
portion of bed guideways like a bridge. It
is an ‘H’ shaped casting. It moves along
the bed between headstock and tailstock.
The saddle can be moved by providing
hand feed or automatic feed.

Cross slide

Cross slide is situated on the saddle and
slides on the dovetail guideways at right
angles to the bed guideways. It carries
compound rest, compound slide and tool
post. The cross slide can be moved at
right angles to the lathe axis by giving
hand feed or automatic feed.

Compound rest

Compound rest is a part which connects
cross slide and compound slide. It is
mounted on the top of the cross slide by
tongue and groove joint. It has a circular
base on which angular graduations are
marked. The compound rest can be
swiveled to the required angle while
turning tapers. A top slide known
as compound slide is attached to the
compound rest by dove tail joint. The
tool post is fixed on the compound slide.

Tool post

The tool post is mounted on the
compound slide. It is used for holding
the cutting tool tightly. According to the

CHAPTER 01 LATHE
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operations on the work piece, tool may
be changed and fixed on the tool post.

There are different types of tool post. In
which,

1. Single screw tool post

2. Four way tool post are widely used.

Single screw tool post

One tool can be held by the single screw
tool post. The tool is clamped by one
clamping screw. A concave ring is found
in the tool post. A convex rocker iron
piece has got a convex surface at its
bottom and flat surface at its top. This
rocker iron piece is placed on the concave
ring. The tool rests on the top flat surface
of the rocker.

Tool

= |
[/

Toolpost

screw

Toolpost

body
¥

Concave ring

Convex —A*
rocker N\ A

Single screw tool post
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The height of the tool point can be
adjusted by moving the rocker front and
back. As the tool is clamped by only one
clamping screw, it is not preferable for
heavy duty works.

Four way tool post

Four way tool post is known as Turret
tool post. Four different types of tool can
be placed and clamped at a time. The
required tool can be turned towards the
workpiece for turning process. As the
required tools fitted ready in position,
the turning work is easier and faster.
This type of tool post is used in heavy
duty lathes.

Central Clamping
Locking bolt Handle

2}

Four way tool post
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|1.5 Feed Mechanism

By using various feed mechanism, the
rotation of leadscrew and feed rod
direction can be changed and so the
direction of carriage and cross slide
movements can also be changed.

Thereare so many feed mechanisms
used in lathe, among them the important
mechanisms are discussed below.

I1.6 Tumbler Gear

A set of two small gears are placed just
below the spindle gear and connected to
the spindle gear in the lathe. The set of
gears is known as tumbler gear.

The set of two small tumbler gears
are fitted in a bracket. The bracket
position can be adjusted into three
positions such as neutral, upwards and
downwards. By adjusting the position of
tumbler gear, the rotation of leadscrew
and feed rods direction can be changed.

Neutral Position

In this position, the tumbler gears lever is
in the middle position hence, the tumbler
gears are not engaged with spindle gear
and the intermediate gears and so,
automatic feed is not received.

Forward position

In this position, the tumbler gears lever is
shifted upward position. Here only one
tumbler gear is in contact with the spindle
gear, hence, the leadscrew rotates in the
same direction of the spindle rotation.
The carriage moves towards headstock.

Reverse Position

In this position, the tumbler gears lever
is pushed downward position. Here

CHAPTER 01 LATHE
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Lever

the leadscrew

3D- Tumbler Gear

leadscrew and feed rod receive rotational
movement from spindle gear through
tumbler gears. Hence, they rotate in
opposite direction of the spindle rotation.
So the carriage will move towards
tailstock.

% Apron Mechanism

Apron is attached to the carriage and
hangs over the front side of the lathe bed.
It is useful in providing power and hand
feed to both carriage and cross-slide. It
is also used to provide power feed to the
carriage during thread cutting through
two half nuts.

Tumbler Gear

The gear attached to the spindle
is called spindle gear. Feed rod (A)
and lead screw (B) receives rotational
movement from spindle gear through
the tumbler gear. Worm (W) and worm
gear (WG) mechanism is fixed in worm
gear rod (A). One more gear (G) is fixed
in worm gear shaft. Gear G, and G, is
connected as shown in the figure. Gear
G, is inserted in the rack gear. Gear G,
is mounted on Gear G, axis. Handle
(H) for longitudinal feed and gear G, are
mounted on the same axis. Gears G, and
G, are always connected each other.

There is a feed check lever (F),
which can be adjusted into three positions

3D-Apron

! CHAPTER 01 LATHE
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such as neutral, upwards and downwards
so, the following movements can be
obtained.

Hand feed to the carriage

Keep the feed check lever (F) in neutral
position and if cross feed wheel is rotated
by hand, the cross slide moves towards
the lathe axis.

Automatic feed to the cross slide

When feed check lever is kept in
downward (D), gear G2 will be connected
to G6. The rotation of G6 will make the
cross slide to move automatically.

Automatic feed to the carriage
for thread cutting

When the two half nuts in the apron
are connected to the leadscrew by using
lever (L), leadscrew makes the carriage to
move automatically and cut threads for
required pitch value.

Lead screw

The lead screw is a long threaded
shaft. It is used for moving the carriage
automatically to a calculated distance
only when threads have to be cut. Mostly
leadscrews have an Acme thread.

The leadscrew is held between two
bearing infront of the lathe bed. A gear
is attached to the leadscrew at left end.
The gear is called as gear on leadscrews.
A half nuts lever is provided in the apron
to engage the halfnuts with the leadscrew.

If the half nuts are engaged with
the running screw the carriage will
move automatically. When the lead
screw is kept stationary the carriage is
locked at the required position by using
half nuts.

‘ ‘ XII BME_English version CHAPTER 01.indd 9

Feed Rod

Feed rod is placed parallel to the leadscrew
infront side of the bed. It is a plain long
shaft which has a keyway along its length.
The power is transmitted from the spindle
to the feed rod through tumbler gears and
a gear train. It is useful for providing
feed movement to the carriage and cross
slide, except thread cutting time.

X Spindle Mechanism

The spindle is located in the headstock
and it receives the driving power from
the motor. The spindle speed should
be changed to suit different machining
conditions like type of material to be cut,
the diameter and the length of the work,
type of operation, the type of cutting tool
material used, the type of finish desired
and the capacity of the machine. In order
to change the spindle speeds, any one of
the following methods are employed.

1. Stepped cone pulley mechanism
2. Back gear mechanism

3. Gear box mechanism

W Stepped Cone Pulley
Mechanism

It is simple in construction. A stepped
cone pulley is attached with the spindle
contained within the headstock casting.
The cone pulley has four steps (A, B, C
& D). Another cone pulley having four
steps (E, F, G and H) is placed parallel to
the spindle cone pulley. Both the cone
pulleys are connected by a flat belt. The
belt can be arranged between the steps A
& H, B& G, C & Fand D & E. The
cone pulley at the bottom is connected
to the electric motor by a “V’ - belt. So
the cone pulley at the bottom rotates at a
particular speed.
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The belt is arranged on any one of
the four steps to obtain different spindle
speeds. If the belt is placed on the smaller
step of the driven pulley, the spindle

® speed will be increased. For example,
when the belt is arranged between A &
H the spindle speed will be maximum.

Spindle
/— p
>
Flat belt

Step cone

¥ pulley

Electric motor
¥

Stepped Cone Pulley Mechanism
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When it is between D & E, the speed will
be minimum. Stepped cone pulley drive
is illustrated in figure.

%1 Back gear mechanism ®

Back gear mechanism is housed within the
headstock of the lathe. A step cone pulley
having steps ABCD and a small pinion ‘P’
are mounted on the spindle and rotates
freely on it. The gear ‘S’ is keyed to the
head stock spindle. So the spindle will
rotate only when the gear ‘s’ rotates.

The step cone pulley ABCD and
the gear ‘S’ can be kept separately or
made as one unit with the help of a pin
‘T” when the pin is disengaged, the cone
pulley along with the gear P will rotates
freely on the spindle and the spindle will
not rotate. There is another shaft parallel
to the spindle axis having back gear Q
and R mounted on it. These back gears
can be made to mesh with gears ‘P’ and
‘S” or kept disengaged from them. The
spindle can get drive either from the cone
pulley or through back gears.

1/8/2020 1:45:52 PM‘ ‘
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3D- Back gear mechanism

Drive from step cone pulley

When the spindle gets
from the cone pulley, the
back gears Q and R are
disengaged from the gears
P and S. The pin T is
engaged with cone pulley.
The belt can be arranged
on the steps ABC or D to get four different
direct speeds for the spindle.

Drive through back gears

Back gears Q and R are engaged with gears
P and S. The pin ‘T’ is disengaged from the
cone pulley to make the cone pulley and
the spindle separate units. When the cone
pulley gets drive through the belt, the power
is transmitted through the gears P, Q and
R to the gear S, because of number of teeth
on these gears, the spindle rotates at slower
speeds. By arranging the belt on the different
steps of the cone pulley, four different spindle
speeds are obtained.

Uses of back gear arrangement

1. It is used for reducing the spindle speed,
when turning on lager diameter of the
work pieces and cutting coarse threads.

2. Eight different types of spindle speed
can be obtained by this mechanism.

‘ ‘ XII BME_English version CHAPTER 01.indd 11

Back gear mechanism

|1.11 Gear Box Mechanism

Modern lathes are equipped with all
geared headstocks to obtain different
spindle speeds quickly. Casting of the all
geared headstock has three shafts (1, 2 &
3) mounted within it. The intermediate
shaft (2) has got three gears D, E and F
and rotates at the same place and cannot
move. The shaft (1) which is above the
intermediate shaft has got three set of
gears A, B and C mounted on it by keys.
These three set of gears can be made
to slide on the shaft with the help of a
lever. This movement enables the gear
A to have contact with the gear D or the
gear B with gear E or the gear C with the
gear F.

Likewise the spindle shaft (3) which
is also splined has three set of gears G, H
and I. These three set of gears can be
made to slide on the shaft by lever. This
sliding movement enables the gear G to
have contact with gear D or the gear H
with the gear E or the gear I with the gear
F. By altering the position of the six gears
namely A, B, C, G, H and I the following
arrangements can be made within the
headstock. Nice different spindle within
the headstock. Nine different spindle
speeds are obtained.

CHAPTER 01 LATHE
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®F! Types of lathe

Various designs and constructions of
lathe have been developed to suit different
machining conditions and usage. The
following are the different types of lathe.

1. Speed lathe
a. Centering lathe
b. Wood working lathe
c. Polishing lathe
d. Metal spinning lathe
2. Bench lathe
3. Tool room lathe

4. Semi Automatic lathe

c. T - lathe
d. Duplicating lathe

Speed lathe

Spindle of a speed lathe operates at very
high speeds (approximately at a range of
1200 to 3200 rpm) and so it is named so.
It consists of a headstock, a tailstock, a bed
and toolslide only. Parts like leadscrew,
feed rod and apron are not found in this
type of lathe.

1. Centering lathes are used drilling
centre holes.

2. The wood working lathes are meant
for working on wooden planks.

12 CHAPTER 01 LATHE
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3. Metal spinning lathes are useful in
making tumblers and vessels from
sheet metal.

4. Polishing of vessels is carried out in
polishing lathe.

Bench lathe

Bench lathe is a small lathe generally
mounted on a bench. It consists of all the
parts of an engine lathe. It is used for small
works like machining tiny and precise parts
and parts of measuring instruments.

Tool room lathe

A tool room lathe has similar features
of an engine lathe but is accurately built
and has wide range of spindle speeds to
perform precise operations and different
feeds. It is costlier than a centre lathe.
This is mainly used for precision works
like manufacturing tools, dies, jigs,
fixtures and gauges.

Semi Automatic lathe

Turret and capstan lathes are known as
semi-automatic lathes. These lathes are

used for production work where large
quantities of identical work pieces are
manufactured. They are called semi-
automatic lathes as some of the tasks are
performed by the operators and the rest
by the machines themselves.

There are two way tool posts in the
machine namely four way tool post and
rear tool post. Four tools can be mounted
on the four way post and parting tool
is mounted on the rear tool post. The
tailstock of an engine lathe is replaced by
a hexagonal turret. As many tools may be
fitted on the size side of the turret, different
types of operations can be performed on a
workpiece without resetting of tools.

Advantages

1. Machining operations can be done
in this machine by semi skilled
operators.

2. Large quantity of product can be
produced quickly.

3. The cost of production is less.

The tool heads of a turret lathe and a capstan lathe

are illustrated in figure.

Turret

Saddle
Bed

0 ‘|/_

Bed
e—\ !

Turret
Ram Feed
o%Po / controlling
screws_\
Q -] E

) 4 w:{
J N\
Saddle_/ \

Handle

turret lathe
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Automatic lathe
Automatic lathes are operated with

complete automatic control.

They are

high speed, mass production lathe. An
operator can took after more than are
automatic lathe at a time.

S.No

1.

lathe and a capstan lathe

Turret lathe

Turret tool head is directly fitted on the
saddle and both of them appear like one
unit.

Special purpose lathe

Special purpose lathes are used for special
purposes and for jobs, which cannot
be accommodated and conveniently
machined on a standard lathe. Wheel
lathe, “T” lathe duplicating lathe are some
examples of special purpose lathe.

Differences between a turret

Capstan lathe

Turret head is mounted on a slide called
ram which is mounted on the saddle.

Saddle is moved to provide feed to the
tool.

To provide feed to the tool, saddle is
locked at a particular point and the ram
is moved.

It is difficult to move the saddle for feed.

It is easy to move the ram for feed.

As the saddle can be moved along the
entire length of the bed. It is suitable for
longer workpieces.

As the movement of the ram is limited,
it is suitable for machining shorter
workpieces only.

To index the turret tool head, a clamping
lever is released and the turret is rotated
manually.

When the handwheel for the ram is
reversed, the turret tool head is indexed
automatically.

Limit dogs are used to control the
distance of tool movement.

To control the distance of tool movement,
feed stop screws are provided at the rear
side of the turret.

Some turret lathes have the facility of
moving the turret at right angles to the
lathe axis.

No such facility.

Heavy and sturdy.

Lighter in construction.

Suitable for machining heavy and large
workpieces.

Only small and light workpieces are
machined.

Machining can be done by providing
more depth of cut and feed.

Only limited amount of feed and depth of
cut are provided for machining.

‘ ‘ XII BME_English version CHAPTER 01.indd 15 @
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B Specification of lathe

The size of a lathe is specified by the
following points

1. The length of the bed.

2. Maximum distance between live and
dead centres.

3. The height of centres from the bed.

4. The swing diameter

a. The swing diameter over bed -
It refers to the largest diameter
of the work that will be rotated
without touching the bed.

b. The swing diameter over carriage
— It refers to the largest diameter
of the work that will revolve over
the saddle.

The bore diameter of the spindle.
The width of the bed.
The type of the bed.

Pitch value of the lead screw.

L ® N N A

Horse power of the motor.

10. Number and range of spindle speeds.
11. Number of feeds.

12. Spindle nose diameter.

13. Floor space required.

14. The type of the machine

5 Work Holding Devices
used in a lathe

The work holding devices are used to hold
and rotate the workpieces along with the
spindle. Different work holding devices
are used according to the shape, length,
diameter and weight of the workpiece
and the location of turning on the work.

They are,

1. Chucks
2. Face plate
3. Driving plate

CHAPTER 01 LATHE

‘ ‘ XII BME_English version CHAPTER 01.indd 16

4. Catch Plate
5. Carriers

6. Mandrels
7. Centres

8. Rests

Chucks

Work pieces of short length, large
diameter and irregular shapes, which
cannot be mounted between centres,
are held quickly and rigidly in chuck.
There are different types of chucks
namely, three jaw universal chuck, four
jaw independent chuck, Magnetic chuck,
Collect chuck and Combination chuck.

Three Jaw self-centering chuck

The three jaws fitted in the three slots may
be made to slide at the same time by an
equal amount by rotating any one of the
three pinions by a chuck key. This type of
chuck is suitable for holding and rotating
regular shaped workpieces like round or
hexagonal rods about the axis of the lathe.

Advantages
1. The work is held simply and quickly
because of the three jaws are moved
to slide at the same time.
2. So, time is saved.
3. It is suitable for apprentice.

Disadvantage

1. Workpieces of irregular shapes
cannot be held by this chuck.

Four jaw independent chuck

There are four jaws in this chuck. Each
jaw is move independently by rotating a
screw with the help of a chuck key. A
particular jaw may be moved according
to the shape of the work. Hence this
type of chuck can hold works of irregular

1/8/2020 1:45:53 PM‘ ‘
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S

Three Jaw self-centering chuck

L . Key hole
Concentric circular Imes/_ Y

Jaws

.
)
1

BodyJ

3D-Four Jaw independent chuck

shapes. Concentric circles are inscribed
on the face of the chuck to enable quick
centering of the workpiece.

Disadvantages
1. It requires more time to set the work
aligned with the lathe axis because
each jaw is moved independently.

Four Jaw independent chuck

2. Experienced turners can set the
work about the axis quickly.

Magnetic chuck

The holding power of this chuck is obtained
by the magnetic flux radiating from the
electromagnet placed inside the chuck.
Magnets are adjusted inside the chuck to
hold or release the work. Workpiece made

Magnetic chuck

‘ ‘ XII BME_English version CHAPTER 01.indd 17
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of magnetic material only are held in this
chuck. Very small, thin and light works
which cannot be held in an ordinary chuck
are held in this chuck.

Face plate

Face plate is used to hold large, heavy
and irregular shaped workpieces which
cannot be conveniently held between
centres. It is circular disc bored out and
threaded to fit to the nose of the lathe
spindle. It is provided with radial plain
and “T” - slots for holding the work by
bolts and clamps.

Driving plate

Catch plate

When a workpiece is held between centres,

the catch plate is used to drive it. It is a

circular disc bored and threaded at the

centre. Catch plates are designed with ‘U’- ®
slots or elliptical slots to receive the bent tail

of the carrier. Positive drive between the

lathe spindle and the workpiece is affected

when the workpiece fitted with the carrier

fits into the slot of the catch plate.

Face plate

Driving plate

The driving plate is used to drive a
workpiece when it is held between centres.
It is a circular disc screwed to the nose
of the lathe spindle. It is provided with
small bolts or pins on its face. Work
pieces fitted inside straight tail carriers
are held and rotated by driving plates.

Catch plate

18 CHAPTER 01 LATHE
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Straight tail carrier Bent tail carrier

Straight tail carrier

Carrier

When a workpiece is held and machined
between centrers, carriers are useful in
transmitting the driving force of the
spindle to the work by means of driving
plates and catch plates. The work is held
inside the eye of the carrier and tightened
by a screw. Carriers are of two types and
they are:

1. Straight tail carrier
2. Bent tail carrier

Straight tail carrier is used to drive
the work by means of the pin provided in
the driving plate. The tail of he bent tail
carrier fits into the slot of the catch plate
to drive the work.

Mandrel

A previously drilled (or) bored workpiece
is held on mandrel to be driven in a lathe
and machined. There are centre holes
provided on both faces of the mandrel.
The live centre and the dead centre fit into
the centre holes. A carrier is attached at
the left side of the mandrel. The mandrel
gets the drive either through a catch plate
or a driving plate. The workpiece rotates
along with the mandrel. There are several
types of mandrels and they are:

‘ ‘ XII BME_English version CHAPTER 01.indd 19

Bent tail carrier

Plain mandrel
Step mandrel
Gang mandrel
Screwed mandrel
Collar mandrel

Cone mandrel

N SN e w Db

Expansion mandrel

Plain mandrel

The body of the plain mandrel is slightly
tapered to provide proper gripping of the
workpiece. The taper will be around 1 to
2 mm for a length of 100 mm. It is also
known as solid mandrel. This type is mostly
commonly used and has wide application.

—

- D .................................... : G

Plain mandrel

Screwed mandrel
It is threaded at one end and a collar is
attached to it. Workpieces having internal
threads are screwed on to it against the
collar for machining.

CHAPTER 01 LATHE
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Fixed collar
BN Thread

-

Centres are useful in holding the work in
a lathe between centres. The shank of a
centre has morse taper on it and the face
is conical in shape. There are two types
of centres namely

1. Live centre

2. Dead centre

Live centre

Screwed mandrel

Centres

The live centre is fitted on the headstock
spindle and rotates with the work.

Dead centre

CarrierT\ ]
j%’ \\I

Driving plate /

Live centre

Work

Mandrel
/ Dead centre

Holding a work between Live and Dead centres
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The centre fitted on the tailstock
spindle is called dead centre. It is useful
in supporting the other end of the work.
Centres are made of high carbon steel
and hardened and then tempered. So
the tips of the centres are wear resistant.
Different types of centres are available
according to the shape of the work and
the operation to be performed.

Rests

A rest is a mechanical device to support
a long slender workpiece when it is
turned between centres or by a chuck. It
is placed at some intermediate point to
prevent the workpiece from bending due
to its own weight and vibrations setup

due to the cutting force. There are two
types of rests

1. Steady rest

2. Follower rest

Steady rest

Steady rest is made of cast iron. It may
be made to slide on the lathe bedways
and clamped at any desired position
where the workpiece need support. It has
three jaws. These jaws can be adjusted
according to the diameter of the work.
Machining is done upon the distance
starting from the headstock to the point
of support of the rest. One or more
steady rests may be used to support the
free and of a long work.

Steady Rest

Follower rest

It consists of a ‘C’ like casting having
two adjustable jaws to support the
workpiece. The rest is bolted to the back
end of the carriage. During machining,
it supports the work and moves with the
carriage. So, it follows the tool to give

‘ ‘ XII BME_English version CHAPTER 01.indd 21

continuous support to the work to be
able to machine along the entire length
of the work.

Note: In order to reduce friction between
the work and the jaws, proper
lubricant should be used.

CHAPTER 01 LATHE
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Follower rest

IS Cutting speed, Feed
and Depth of cut in

lathe

The cutting speed is the distance travelled
by a point on the outer surface of the
work is one minute.

It is expressed in meters per minute.
TtDN

Cutting speed = —— m/min
1000

Where,

D - is the diameter of the work in mm

N - is the r.p.m of the work.

Feed

The feed of a cutting tool in a lathe work
is the distance the tool advance for each
revolution of the work.

‘ ‘ XII BME_English version CHAPTER 01.indd 23

Feed is expressed in millimeters per
revolution.

Depth of cut

The depth of cut is the perpendicular
distance measured from the machined
surface to the uncut surface of the
workpiece. It is expressed in millimeters.

In a lathe, the depth of cut is expressed
as follows

d,-d
Depth of cut = 12

Where,

2

d, - diameter of the work surface before
machining

d, - diameter of the machined surface

|1.17 Tools used in a lathe

Tools used in lathe are classified as follows
A. According to the construction, the
lathe tools are classified into three
types
1. Solid tool
2. Brazed tipped tool
3. Tool bit and tool holders

B. According to the operation to be
performed, the cutting tools are
classified as

Turning tool

Thread cutting tool

Facing tool

Forming tool

Parting tool

Grooving tool

Boring tool

Internal thread cutting tool

¥ ® N SN w D=

Knurling tool

CHAPTER 01 LATHE
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Side-rake
angle, +(BR

Face

Cutting edge

Axis Nose radius
Flank

I‘\ Side-relief angle
Side-cutting edge angle (SCEA)

End-cutting
edge angle
(ECEA)

« Clearance or end-relief angle

Back-rake angle, + (BR)

i

Tools used in a lathe

C. According to the direction of feed
movement, the following tools are
used
1. Right hand tool
2. Left hand tool
3. Round nose tool

B F: Operations performed
in lathe

Various operations are performed in a
lathe other than plain turning.

There are
1. Facing
2. Turning
a. Straight turning
b. Step turning
Chamfering

3

4. Grooving
5. Forming
6

Knurling

24 CHAPTER 01 LATHE
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7. Under cutting
8. Taper turning

9. Thread cutting

Other works are done in lathe

1. Drilling
Reaming

Boring

Grinding Yt
Milling BR1BEP

AR

Key ways

Turning

The work is turned straight when it
is made to rotate about the lathe axis.
The purpose of turning is to produce a
cylindrical surface by removing excess
metal from the workpiece.

E> ............................... @

Work; Turning tool

Turning

1/8/2020 1:45:56 PM‘ ‘



Chamfering

Chamfering is the operation of beveling the
extreme end of the workpiece. The form
tool used for taper turning may be used for
this purpose. Chamfering is an essential
operation after thread cutting so that the nut
may pass freely on the threaded workpiece.

E> ............................. - 3 |

Form tool

Chamfering

Undercutting
Undercutting is done
1. At the end of a hole
2. Near the shoulder of stepped
cylindrical surfaces
3. At the end of the threaded portion
in bolts

It is a process of enlarging the
diameter if done internally and reducing
the diameter if done externally over a
short length. It is useful mainly to make
tits perfect. Boring tools and parting
tools are used for this operation.

Knurling

> ............. I e q
Work 7 ﬂLGrooving tool

Under Cutting
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Knuriling
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Knurling is the process of embossing a
diamond shaped pattern on the surface
of the workpiece. The knurling tool
holder has one or two hardened steel
rollers with edges of required pattern.
The tool holder is pressed against the
rotating work. The rollers emboss the
required pattern. The tool holder is fed
automatically to the required length.
Knurls are available in coarse, medium
and fine pitches. The patterns may be
straight, inclined or diamond shaped.

The purpose of knurling is

1. To provide an effective gripping

3. Tailstock set over method
4. Taper turning attachment method

5. Combined feed method

Form tool method

A broad nose tool is ground to the
required length and angle. It is set on
the work by providing feed to the cross-
slide. When the tool is fed into the work
at right angles to the lathe axis, a tapered
surface is generated.

This method is limited to turn
short lengths of taper only. The length
of the taper is shorter than the length of

surface.. the cutting edge. Less feed is given as
2. To provide better appearance to the the entire cutting edge will be in contact
work. with the work.
3. To slightly increase the diameter of
the work.
BT Taper turning E KB ®
Taper work —"

A taper may be defined as a uniform
increase or decrease in diameter of a
piece of work measured along its length.

Taper turning

Taper turning method
1. Form tool method

2. Compound rest method

%/Form tool

(o] o

Form tool method

Compound Rest Method

The compound rest of the lathe is attached
to the circular base graduated in degrees,
which may be swiveled and clamped at
any desired angle. The angle of taper is
calculated using the formula.

tan&:ﬂ
2

Where
D - Larger diameter

d - Small diameter

1 - Length of the taper
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The compound is swiveled to the
angle as above and clamped. Feed is

given to the compound slide to generate
the required taper.

Compund
rest

Work

—

Compound Rest Method

Note Ondoingtaper turningin compound
rest method, feed will be given to the tool
from small diameter to large diameter.

Advantage

Taper turning can be done on outer

surface of the workpiece and inner surface
of the hole.

Disadvantage

1. This method is not suitable for long
workpiece, because compound slide
moves only small distance.

2. This method is done manually so, it
takes more time and the productivity
is less.

‘ ‘ XII BME_English version CHAPTER 01.indd 27

Tailstock setover method

Turning taper by the setover method is
done by shifting the axis of rotation of
the workpiece at an angle to the lathe
axis and feeding the tool parallel to the
lathe axis. The construction of tailstock
is designed to have two parts namely the
base and the body. The base is fitted on
the bed guideways and the body having
the dead centre can be moved at cross to
shift the lathe axis.

Dead centre

Live centre §
° e Work

The amount of setover-S, can be
calculated as follows

S=——x

D-d_L
2

Where,

S - Amount of setover
D - Larger diameter
d - Smaller diameter
L - Length of the work
1 - Length of the taper

The dead centre is suitably shifted
from its original position to the calculated
distance. The work is held between
centres and longitudinal feed is given by
the carriage to generate the taper.

Note While doing taper turning in a
stepped turned work piece, each of the
stepped taper turning must be calculated
individually.

CHAPTER 01 LATHE
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Advantages W1 Thread Cutting

1. Taper turning can be done to full

Thread cutting i f th t
length of the workpiece. read cutting is one of the mos

important operations performed in a
2. Taper thread cutting can also be cut lathe. The process of thread cutting is to

in this method. produce a helical groove on a cylindrical
surface by feeding the tool longitudinally.

Diadvantages 1. The job is revolved between centres

1. This type of taper turning can be or by a chuck. The longitudinal
done up to angle of 8". feed should be equal to the pitch of

2. Internal taper turning cannot be the thread to be cut per revolution
done by this method. of the work piece.

Spindle —>»
gear

Carriage

=== -

Gear —p
on the
leadscrew Leadscrew

Thread Cutting
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2. The carriage should be moved
longitudinally obtained feed through
the leadscrew of the lathe.

3. A definite ratio between the
longitudinal feed and rotation of the
head stock spindle should be found
out. Suitable gears with required
number of teeth should be mounted
on the spindle and the leadscrew.

Calculation for change - gear

TPI on leadscrew driver teeth

TPI on work driven teeth

By wusing the above formula,
calculate the thread to be cut and connect
the gear on the spindle and the gear on
leadscrew.

4. A proper thread cutting tool is
selected according to the shape of
the thread. It is mounted on the
toolpost with its cutting edge at the
lathe axis and perpendicular to the
axis of the work.

10.

The position of the tumbler gears
are adjusted according to the type of
the thread (right hand or left hand).

Suitable spindle speed is selected
and it is obtained through back
gears.

Half nut lever is engaged at the right
point as indicated by the thread
chasing dial.

Depth of cut is set suitably to allow
the tool to make a light cut on the
work.

When the cut is made for required
length, the half nut lever is
disengaged. The carriage is brought
back to its original position and the
above procedure is repeated until
the required depth of the thread is
achieved.

After the process of thread cutting
is over, the thread is checked by
suitable gauges.

lathe.

ACTIVITIES

1. To make an arrangement the students to visit Government Industrial Training
Institute, Polytechnics and Engineering colleges nearby the school and learn
about the types of lathe and its working principle.

2. To give practice to the students performed different types of operations in a

Part - 1
Choose the correct answer

1. Lathe was invented by
a. Henry Maudslay
b. Eli Whitney
c. James Nasmith
d. Michael Faraday
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2.

The tool used in lathe is a

a. Multipoint cutting tool

b. Single point cutting tool

c. Slitting saw tooth cutting tool

d. Parting tool

CHAPTER 01 LATHE
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3. Polishing lathe is a type of
a. Engine lathe
b. Tool room lathe
c. High speed lathe
d. Automatic lathe

4. The spindle speed of high speed
lathe is around

a. 600-1000 rpm

b. 1200-3200 rpm
c. 2000-2400 rpm [=] g oy
d. 3500-4000 rpm NMM34 K

5. A part used in taper turning is

a. Cross-slide

b. Compound rest
c. Saddle

d. Apron

6. The formula for finding the cutting
speed in a lathe is

N TDN b, d,-d,
1000 21
c. nr*h d. D—_d X L
2 [
Part - 11

Answer the following questions

in one or two sentences: (3 marks)
7. What is turning?

8. What are the uses of tool room
lathe?

9. Mention the special features of
turret and capstan lathe.

10. What is swing diameter?

30 CHAPTER 01 LATHE
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11. What are the special features of
V-bed in a lathe?

12. What are the uses of back gear in a
lathe?

13. Define ‘Cutting speed’ in a lathe.

14. What is the use of Lead screw in a
lathe?

15. Mention the use of a face-plate.

16. Mention the formula to use the
cutting of a thread, in a lathe.

Part - III
Answer the following

questions in about a page (5 marks)

17. List out the types of lathe.

18. Mention any five differences between
a turret and a capstan lathe.

19. What are the parts in the carriage of
a lathe? Explain any one part.

20. Mention the different specifications
of a lathe.

21. Sketch and explain the taper-turning
by using the form-tool method.

Part - IV
Answer the following

questions in detail (10 Marks)

22. Draw a neat sketch of a lathe and
label its parts.

23. Explain with neat sketch of a step-
cone pulley drive mechanism.

24. Explain any two operations
performed in lathe with neat sketch.

25. Explain any two work holding devices
in a lathe with suitable diagrams.
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@ Learning Objectives DFURIC

B Students to understand how to drill the holes in work pieces, different types of
machining operations related to drilling process and various uses of drilling
process in industries and other fields in future life.

Thaam inburuvadhu ulagin purakandu

Kaamuruvar katrarinh dhaar. —Kural 399
®
When the learned see that their learning contributes to make
the world happy. They are pleased and pursure their learning
more.
CONTENTS

2.1 Introduction of Drilling Machine 2.11 Deep - hole drilling machine

2.2 Drilling Method 2.12 Size of a drilling machine

2.3 Construction of a drilling machine 2.13 Drill spindle assembly

2.4 Types of drilling machines 2.14 Work - holding devices.

2.5 Portable drilling machine 2.15 Tools used in a drilling machine

2.6 Sensitive drilling machine 2.16 Twist - drill nomenclature

2.7 Up-right drilling machine 2.17 Tool - holding devices

2.8 Radial drilling machine and its 2.18 Drilling machine operations

special features. 2.19 Cutting speed. Feed and depth of cut
2.9 Gang drilling machine 2.20 Safety precautions
2.10 Multi - spindle drilling machine
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v

, The inventor of basic drilling machine is Arthur James
~Arnot and William Blanch Brain of Melborne. Australia
¥WOW? by using the electric motor, in the year of 1889.

|2.1 Introduction

The Drilling Machine is one of the most
important machine tools in a workshop.
As regards its importance it is second only
to the lathe. It was designed to produce a
cylindrical hole of required diameter and
depth on work pieces.

Though holes can be made by
different machine tools in a shop,
drilling machine is designed specifically
to perform the operation of drilling and
similar operations. Drilling can be done
easily at a low cost in a Shaffer period of
time in a drilling machine.

Drilling can be called as the
operation of producing a cylindrical
hole of required diameter and depth
by removing metal by the rotating the
cutting edges of a drill bit.

®! Method of Drilling

The cutting tool known as drill bit is
fitted into the spindle of the drilling
machine. A mark of indentation is made
at the required location with a center
punch. The rotating drill is pressed at
the location and is fed into the work. The
hole can be made up to a required depth.

»#c. Structure of a drilling
machine

The basic parts of a drilling machine are
a base, column, drill head and spindle.

CHAPTER 02 DRILLING MACHINE
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T

[ -
3D Method of Drilling

The base made
of cast iron may rest
on a bench, pedestal or
floor depending upon
the design. Larger and
heavy duty machines are
grounded on the floor. The column is
mounted vertically upon the base. It
is accurately machined and the table
can be moved up and down on it. The
drill spindle an electric motor and the
mechanism meant for driving the spindle
at different speeds are mounted on the
top of the column. Power is transmitted
from the electric motor to the spindle
through a flat belt (or) a “V’ belt.

QCGLES
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@ 3D Structure of a drilling machine

¥\ Types of drilling
machines

Drilling machines are manufactured in
different types and sizes according to the
type of operation amount of feed. Depth
of cut, spindle speeds, method of spindle
movement and the required accuracy.

The different types of drilling
machines are

1. Portable drilling machine (or) Hand
drilling machine.

2. Sensitive drilling machine

3. Upright drilling machine
a) Round column section
b) Box column section

4. Radial drilling machine

5. Gang drilling machine

‘ ‘ XII BME_English version CHAPTER 02.indd 33

6. Multi - spindle drilling machine
7. Deep hole drilling machine.

a) Vertical

b) Horizontal

8. Automatic drilling machine.

Types of Drilling
Machines

1. Portable Drilling Machine (or)
Hand Drilling Machine

2. Bench Drilling Machine (or)
Sensitive Drilling Machine

3. Upright Drilling Machine
a. Box column

b. Round column

Radial Drilling Machine
Gang Drilling Machine
Multi-Spindle Drilling Machine

SO

Deep Hole Drilling Machine

a) Vertical
b) Horizontal

8. Automatic Drilling Machine
\. J

»A- Portable drilling
machine

The portable drilling machine is shown
in the given figure.

Portable drilling machine can
be carried and used anywhere in the
workshop. It is used for drilling holes on
work pieces in any position. Which is not
possible in a standard drilling machine.
The entire drilling mechanism is compact
and small in size and so can be carried
anywhere. This type of machine is widely
adapted for automobile built - up work.
The motor is generally universal type.

CHAPTER 02 DRILLING MACHINE
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Portable drilling machine

These machines can accommodate
drills from 12mm to 18 mm diameter.
The machine is operated at high speed
as smaller size drills are only used.

»H: Sensitive drilling
® machine (or) Bench
drilling machine

A sensitive drilling machine is shown in
the given figure.

» The inventor of sensitive drilling
-Mwe Mmachine is martin. D.Eliedge of
~  USA. Year 1958.

It is designed for drilling small
holes at high speeds in jobs. High
speed and hand feed are necessary for
drilling holes. The base of the machine
is mounted either on a bench or on the
floor. It can handle drills of diameter
from 1.5mm to 1.55mm the drill is feed
with work purely by hand. The operator
can sense of the progress of the drill into
work because of hand feed. So it is called
sensitive drilling machine.

Super sensitive drilling machines
are designed to drill holes as small as
0.35mm in diameter and the spindle of
the machine is rotated at a high speed of
2000 rpm or above.

Base

The base is made of cast iron and so can
withstand vibrations. It may be mounted
on a bench or on the floor. It supports all
the other parts of the machine on it.

V' belt
Step cone /
pulley% !
=<
Feed\
handle "o /-Electric
. % motor
Drill head—>
Sleeve
Spindle

Column
/_

J'4

QR CODE
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Column

The column stands vertically on the base
at one end. It supports the work table
and the drill head. The drill head has
drill spindle and the driving motor on
either side of the column.

Work Table

The table is mounted on the vertical
column and can be adjusted up and
down on it. The table has T- slots on it
for holding the wok pieces or to hold any
other work holding device. The table can
be adjusted vertically to accommodate
work pieces of different heights and can
be clamped at the required position.

Drill head

Drill head is mounted on the top side of the
column. The drill spindle and the driving
motor are connected by means of a V-belt
and cone pulleys. The motion is transmitted
to the spindle from the motor by the belt.

The pinion attached to the handle meshes
with the rack on the sleeve of the spindle
for providing the drill to the required down
feed. There is no power feed arrangement
in this machine. The spindle rotates at a
speed of 50 to 2000rpm.

r%/ Up right drilling machine

The upright drilling machine is designed
for handling medium sized work pieces.
Though it looks like a sensitive drilling
machine, its vertical column is larger and
heavier than a sensitive drilling machine.
The maximum diameter of the hole size
up to 50 mm can be made in this machine.
Besides, it is supplied with power feed
arrangement, for drilling different types
of work, the machine is provided with a
number of a spindle speeds and feed.

A round column section of up -
right drilling machine is shown in the
given figure.

L |
L \Step cone
pulley
Feed <— Electric

handle motor

Sleeve—»

Spindie — l€«— Column

Drill bit—>»

¢ C )
Table
A

==

Base

Upright Drilling Machine
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There are two different types of
upright drilling machines according to
the cross-section of the column and they
are

®  Round column section upright drilling
machine.

B Box column section upright drilling
machine.

Base

Base is made of cast iron as it can
withstand vibrations set by the cutting
actions. It is mounted on the floor of
the shop by means of bolts and nuts.
It is supporting member as it supports
column and other parts on it. The top
of the base is accurately machined and
has T-slots. When large work pieces are
to be held, they are directly mounted on
the base.

Column

Column stands vertically on the base and
supports the work table and all driving
mechanisms. It is designed to withstand
the vibrations set up due to the cutting
action at high speeds.

Work Table

Table is mounted on the column and
can be adjusted up and down on it. It
is provided with T-slots for work pieces
to be mounted directly on it. Table may
have the following adjustments.

Vertical adjustment obtained by
the rack on the column and a pinion in
the table.

Circular adjustment about its own
axis.

After the required adjustments are
made, the table is clamped in position.

CHAPTER 02 DRILLING MACHINE
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Drill head

The drill head is mounted on the top of
the column. It houses the driving and
feeding mechanism of the spindle. The
spindle can be provided with hand (or)
power feed. There are separate hand
wheels for quick hand feed and sensitive
hand feed. The handle is spring loaded
so that the drill spindle is released from
the work when the drilling operation is
over.

PX: Radial Drilling machine

The radial drilling machine is intended
for drilling and tapping on medium to
large and heavy work pieces. It is used in
mass production factories and to drill the
holes at a diameter of 50mm and above.

A radial drilling machines is
illustrated the given figure.

It consists of parts like base,
vertical column, radial arm, Drill head.
Elevating screw and driving mechanism
of the spindle.

Base

The base is a large rectangular casting
and mounted on the floor on the shop.
Its top surface is accurately finished to
support a column at one end and the table
at the other end. T-slots are provided on
it for clamping the work pieces.

Column

The column is a cylindrical casting which
is mounted vertically at one end of the
base. It supports the radial arm and
allows it to slide up and down on its face.
The vertical adjustment of the radial arm
is effected by rotating a screw passing
through a nut attached to the arm. An
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Motor for
elevating

Screw Motor for driving
the spindle
—
4

Elevating screw

Drill head

Table

[ me

Radial Drilling Machine

electric motor is mounted on the top
of the column for rotating the elevating
SCrew.

Radial arm

The radial arm is mounted on the column
parallel to the base and can be adjusted
vertically. The vertical front surface is
accurately machined to provide guide
ways for the drill head. The drill head
can be adjusted along these guide ways
according to the location of the work.
The arm may be swing at 360°around the
column. It can also be moved up and
down according to the different heights
of the work pieces.

Drill head

The drill head is mounted on the radial
arm and houses all mechanism for driving

the drill at different speeds and feed.

‘ ‘ XII BME_English version CHAPTER 02.indd 37

A motor is mounted on the top of
the drill head for this purpose. To adjust
the position of drill spindle with respect
to the work, the drill head may be made
to slide on the guide ways of the arm.
The drill head can be clamped in position
after the spindle is properly adjusted.

Special Features

B  To drill holes at different places of the
work pieces without any movement of
the work.

® To drill inclined holes on the work
piece with the help of tilting the drill
head at an angle.

® To make internal threads in a hole by
using tapping attachments.

* The inventor of Radial drilling\
R, machine is Geoffry Reeves of
~  Australlia, year 1890.
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Drill
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Gang drilling machine

X Gang Drilling Machine

When a number of single spindle drilling
machine columns are placed side by side
an a common base and a work table,
the machine is known as gang drilling
machine. The drill heads have separate
driving motors. This machine is used for
production work.

A series of operations like drilling,
reaming, counter boring and tapping
may be performed on the work by simply
shitting the work from one position to
the other on the work table. Each spindle
is set with different tools for different
operations.

The speed and feed of the spindles
are controlled independently.

A gang drilling machine is shown
in the given figure.

»% Multi — Spindle Drilling
Machine

When a machine has two (or) more drill
spindles driven by a single motor, is called
multi-spindle drilling machine. The drill
spindles are connected to the main drive
by universal joints.
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Multi - spindle Drilling Machine

All the spindles holding the drills
are fed into the work at the same time.
The distance between the spindles can be
altered according to the locations where
holes are to be drilled. Drill jigs are
used to guide the drills. Feeding motion
is usually obtained by raising the work
table. A multi spindle drilling machines
is shown in the given figure.

»%E! Deep Hole Drilling
Machine

A special machine and drills are required
to drills deeper holes in barrels of gun,
spindles, and connecting rods. The
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Deep Hole drilling machine (Horizontal type)

machine designed for this purpose is
known as deep hole drilling machine.
High cutting speeds and less feed are
necessary to drill deep holes. A non-
rotating drill is fed slowly into the
rotating work at high speeds. Coolant
should be used while drilling. There are
two different types of deep hole drilling
machines.

1. Vertical type

2. Horizontal type

y%¥. The size of a Drilling
Machine

Drilling Machines are specified according
to their type.

1. A portable drilling machine is

specified by the maximum diameter
of the drill that it can hold.

2. The size of the sensitive and upright
drilling machines are specified by
the size of the largest work piece
that can be centered under the
spindle. It is slightly smaller than
twice the distance between the face
of the column and the axis of the
spindle.
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3. The size of a radial drilling machine
is specified by the diameter of the
column and length of the arm,
spindle speeds and feeds etc.

4. Gang and multi spindle drilling
machines is specified by the number
of spindles. Length of the work table
and type of feed given to the work.

5. Generally a drilling machine is
specified by the maximum diameter
of the hole that it can drill in
the machine, diameter of table,
maximum travel of the spindle,
numbers and range of spindle
speeds and feeds available.

6. Morse taper number of the drill
spindle, floor space required weight
of the machine and horse power of
the motor.

PEE Drill spindle Assembly

A drill spindle assembly
is illustrated shown in
the given figure.

Drill spindle assembly

The spindle is a vertical | #31HS3
shaft which holds the

drill. A long keyway is cut on the spindle
and a sliding key connects it with a bevel
gear or a stepped cone pulley. It receives
motion from the driving motor. The
spindle and the sleeve are connected by
a thrust bearing.
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Keyway on
| the spindle
Nut

Thrust
bearing

Sleeve

Spindle

Rack—y

Pinion—»( O

Thrust
bearing

- ] Washer

Lower end
of the
spindle

Rack teeth are cut on the outer
surface of the sleeve. The sleeve may
be moved up and down by rotating a
pinion which meshes with the rack. This
movement is given to the spindle for
providing the required feed. As there is
a long keyway on top of the spindle, it
is connected to the driving mechanism
even during the feed movement.

A morse taper hole is provided at
the lower end of the spindle. It is useful in
accommodating a taper shank drill. The
tang of the drill fits into a slot provided
at the end of the taper hole. To remove
the drill from the spindle a drift may be
pushed through the slot.

The spindle drive is obtained in
three methods. They are

1. Step cone pulley drive

2. Step cone pulley with back gear
arrangement.

3. Gear box drive.

PE¥ Work Holding Devices

The work should be held firmly on the
machine table before performing any
operations on it. As the drill exerts
very high quantity of torque while
rotating the work should not be held by
hand. If the work pieces are not held
by a proper holding device, it will start
rotating along with the tool causing
injuries to the operator and damage to
the machine.

Working Principle of the Spindle

CHAPTER 02 DRILLING MACHINE
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The devices used for holding the work
in a drilling machine are
1. Drill vise
2. T-bolt, nut and clamps step block
3. Plain vise
4. 'V - block
5. Angle plate
6. Drill jigs.

Drill vise

Vise is one of the most important devices
used for holding work piece on a drilling
machine table. The work is clamped in
a vise between a fixed jaw and a movable
jaw.

Parallel blocks are placed below the
work. So that the drill may completely
pass through the work without damaging
the table. Different types of vises are
used for holding different types of work
and for performing different operations.

The different types of vises are

1. Plain vise

2. Swivel vise

[ Screw \ ‘
— V) A

E Wy Movable

jaw

Fixed
jaw

3. Tilting vise

4. Universal vise

A AR A A AR A A A A A A A A A A A A A A A A A A A R R R R R

Plain Vise
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Universal Vise

T-bolts, clamps and step blocks

The work pieces can be held directly on
the machine table by means of T-bolts
clamps and step blocks. The top of the
machine table has T-slots into which
T-bolts may be fitted. The bolts of
diameter 15 to 20 mm are used. The
clamps and step - blocks are made of
mild steel. T-bolts pass through a central
hole on