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CHAPTER

Introduction to Machine Tools

INTRODUCTION

Most of the engineering components such as gears, bearings, clutches, tools, screws and nuts etc. need
dimensional and form accuracy and good surface finish for serving their purposes. Performing like casting, forging
etc. generally cannot provide the desired accuracy and finish. For that such preformed parts, called blanks, need
semi-finishing and finishing and it is done by machining and grinding. Grinding is also basically a machining
process.

Machining to high accuracy and finish essentially enables a product:
e fulfill its functional requirements

e improve its performance

e prolong its service

A machine tool is a non-portable power operated and reasonably valued device or system of devices in
which energy is expended to produce jobs of desired size, shape and surface finish by removing excess material
from the preformed blanks in the form of chips with the help of cutting tools moved past the work surface(s).

1.1 Elements of Machine Tool

a) Work holding device-Chuck

b) Tool holding device- Tool post

d

e) Support structure- Bed

(

(b)

(c) Work motion mechanism-Head stock

(d) Tool motion mechanism- Carriage, saddle
(

1.1.1 Common parts and features

Bed:
Important conditions in design of bed are : Rigidity, alignment, accuracy, damping qualities
It is generally made of gray cast iron
Casting process is used to manufacture beds
X, I, Hshaped. (Free space required)
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Engineering

Lead Screw:
Function : It is used for feeding the cutting tool in a direction parallel to the axis of rotation. This
converts rotational movement into translational movement.
Material used : Brass, Stainless steel.
Manufacturing process : Thread rolling, thread machining
Shape : Screw threads (for high power efficiency)
Buttress and Acme

Guide ways :
Function : Used to guide and allow one parts move in their direction relative to other parts
Material used : High carbon steel
Brass and stainless steel are not used due to localised hardening
Manufacture process : Flame hardening for localized hardening.
Shape : Rectangle guide ways, V-shape, dove-tail shaped

highest - bearing area Easy to align
but difficult to align but less bearing area

dovetail - combination of
rectangle and v-shaped

1.1.2 Prime Mover
Prime mover provides energy for machining operation.
Type of prime mover : |.C. engine, Electrical motor,
Electrical Motor
It is a mechanical transmission system rotating at only speed.
Large variety of speeds and feeds for different material is provided depending upon diameter of workpiece.
Thus final speed at the spindle can be obtained in two ways :
(i) Stepped drive (fixed speed) (ii) Stepless drive (infinite speed)
e Stepped drives will have a fixed number of speeds obtained at multiple stages.
e Stepless drives has infinite number of speeds either in single or multiple stage.

For power transmission system, considerations are :

(i) Maximum spindle speed (i)  Minimum spindle speed (i) Number of stages
Speed Range Ratio, N, = %
min
V = nON m/min
1000
1000 x V
N = nxD fem
aximum = Maximum spindle speed
inimum = Minimum spindle speed
. _ 1000 X Vinay N _ 1000% V.,
maximum minimum

TCXDmin TCXDmaX
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Voo Venin = Maximum, minimum cutting speed
Do Doy = Maximum, minimum diameter of workpiece

NOTE : Ratherthan selecting the industrial cutting speeds between maximum and minimum speeds arbitrary,
they are chosen according to G.P.

Thus intermediate speeds can be obtained
|

Nrnax = Nrm'n (f)n_1 r = (—Nmax Jn
N
Fore.g. 11 speeds is to be chosen between 100 and 4500 then
1/11
4500
- (_) 14
100

w A drilling machine is to be designed with 10 spindle speeds ranging between
150 to 1500 rpm. 7th spindle of the machine is rom.

-

Solution :
Since we know that speeds of machine tool is in G.P., let r be the common ratio of G.P,,

1/10
1500
= | —== =1.259
' ( 150 )

N, 597.37 rpm

1.1.3 Common Parameters of Machining

1. Speed(N)

_ . 1000V, 4«
Maximum spindle speed, N, ,, = —F=—

anin
o . 1000V,
Minimum spindle speed, N, = —=——

anax

where, V__ = Maximum cutting speed to be used (m/min)

V_i» = Minimum cutting speed to be used (m/min)

D, .« = Maximum diameter of the workpiece/cutter (mm)

D..i, = Minimum diameter of the workpiece/cutter (mm)

The speed range (N) is defined as the ratio of maximum to minimum spindle speeds to be used.
Typical range of values of N_for various tools is given in the following table.

Machine tool Speed range (N,)
Center Lathe 40 to 60
Milling Machine 30to 50
Drilling Machine 20to 30
Grinding Machine 1to0 10

2. Feed (f)
Linear distance travelled for one revolution of workpiece along the length of tool is called feed.
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3. Feed velocity
The velocity by which the tool is travelling along the workpiece.
Feed velocity = fNmm/min
4. Depth of cut
It is the depth by which tool has been penetrated into the workpiece.

1.2 Functional Principle of Machine Tool Operation

Machine Tools produce desired geometrical surfaces on solid bodies (preformed blanks) and for that they
are basically comprised of;

e Devices for firmly holding the tool and work

e Drives for providing power and motions to the tool and work

e Kinematic system to transmit motion and power from the sources to the tool-work

e  Automation and control systems

e  Structural body to support and accommodate those systems with sufficient strength and rigidity.

For material removal by machining, the work and the tool need relative movements and those motions and
required power are derived from the power source(s) and transmitted through the kinematic system(s) comprised
of a number and type of mechanisms.

1.2.1 Concept of Generatrix and Directrix

Depending on the two relative motions, various types of surfaces can be produced. To understand this in
more details, let us consider a point P, see fig. (a), where the material is being cut at any particular instant. Now the
cutting motion and feed (provided after completion of each cutting stroke) both are rectilinear, the machined
surface will be plane (fig. (b)).

The line generated by cutting motion is called generatrix and the line obtained from feed motion is called
directrix (fig. (c)).

Generatrix
Cutting motion
Directrix
P Feed motion |
Motions of Surface Generatrix and
cutting point generated Directrix

(a) (b) (c)
So, various shapes can be obtained depending on the shapes of generatrix and directrix and their relative
motion.
Similarly, if the generatrix is a circle and directrix is a straight line perpendicular to the plane of generatrix
then the surface obtained is cylindrical in nature. (see below fig.)

Cylindrical surface

Generatrix
\ Directrix

But on the other hand, if same circular generatrix and rectilinear directrix are in the same plane then two
straight lines are generated as shown below in figure.
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(@

N

Lines formed

e

Generatrix
Directrix

Table below gives the common example of surface generation.

S.no. Generatrix Directrix Process Surface obtained
1. Straight line Straight line Tracing Plain
2. Circular Straight line Tracing Cylindrical
3. Plain curve Circular Tracing Surface of revolution
4. Circular Straight line Generation Straight line (Plain
surface in practice.)

1.3 Classification of Machine Tools

Machine tools are generally classified on the basis of production capability and application as follows:

I.  General purpose machine tools

These are designed to perform a variety of machining operations on a wide range of components
but are not suitable for large production due to large setting time.

They have large idle time and poor machine utilization.

They are also known as basic machine tools.

The basic machine tools which are commonly used for general purposes are :

¢ Lathes ¢ Drilling machines

+ Shaping machines + Planning machines
+ Slotting machines + Milling machines

+ Boring machines + Hobbing machines
+ Gear shaping machines ¢ Broaching machines

+ Grinding machines
Each one of the machine tools, mentioned above, can be further classified into several types
depending upon size, shape, automation, etc.

II.  Production machine tools

A number of functions of these machine tools are automated such that the operator skill required
to produce a component is reduced.

They have reduced idle time and improved machine utilization.

General purpose machine tools can be converted to production machine tools by utilization of jigs
and fixtures.

Example- Capstan and turret lathe, automats and multiple spindle drilling machine.

Setting time for a given job is more.

They are justified only for large volume production.

lll. Special purpose machine tools (SPM)

In these machine tools, setting time for the job and tool is completely eliminated and complete
automation is achieved.
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e (Cycletime and hence cost of the components is reduced.

e These are used for mass manufacturing.

e Example-Cam shaft grinding machine, connecting rod twin-boring machine, piston turning lathe
etc.

IV. Single purpose machine tools
e These are designed specifically for doing a single operation on a class of job or on a single job.
e They have highest degree of automation and are used for really highest rate of production.
e They have least flexibility and are most cost effective.

D/‘
Single purpose OO"’O,«-
/0/7

machine tools

c A
o 77
2 O,
[§] (/C‘f/' A\/@ )
g KA
I . 4
o Special
S purpose
2 machine
14 tool :

00's Production |

machine
tools General purpose

machine tools

Variety of production

Fig. Application of machine tools based on the capability

1.4 Generation and Forming

For producing a certain shape of component in a machine tool, there are two different techniques namely
generating and forming.

In generating, the required profile is obtained by manipulating the relative motion of workpiece and cutting
edge of the tool. Hence in this technique, the obtained contour is different from the shape of cutting edge of tool.
Example: cutting helical profile on a cylindrical workpiece with a single point cutting tool

The type of surface obtained by generating method depends on the primary motion of the workpiece and
secondary motion(feed) of the tool.

r -

Minor ]n

Diameter Top view of thread tool bit

Helix angle

Helix angle \‘/ i /(

60° End view of thread tool bit

Helix angle

f -
Thread circumference at
minor diameter

Fig. Helical profile generating
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In forming technique, the shape of the cutting tool is impressed(forged) on the workpiece and the shape

obtained is dependent on the shape of tool and also the accuracy of the shape obtained by forming depends on
the accuracy of the form of tool used.

Work Form/ed surface
v
Form tool

T

Fig. Surface forming

But most of the machine tool operations are combination of both generating and forming, for example
cutting a dovetail profile on a plain surface is obtained by impressing and then sweeping an angular cutter in
straight line as shown in figure below.

Cc

[
B
Ay
|<; A 4>l\ Bevel

Fig. Dovetail forming

1.5 Accuracy and Finish Achievable

Any task required for manufacturing a component can be done in multiple machine tools through different
processes and various operations and each one of them has its own characteristics in terms of accuracy, surface
finish and cost. Hence the operation which optimizes accuracy, surface finish and total cost of the component is
decided during process planning.

General values of accuracy and surface finish for rough cutting on various machine tools are given in

tables below.
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Table: Accuracy achievable in machining operations

Machining operation Accuracy
Turning + 25 um
Shaping, Slotting + 25 um/side
Planning + 65 um
Milling +12 to 25 um
Drilling in drill press location + 250 um
Hole +125 um
Jig hole + 50 um
Drilling in lathe—Location +12 um
Hole +2.5um
Boring +2.5um
Internal grinding +2.5um
Reaming + 25 um
Reaming with jig +12.5 um
Jig boring—Hole +2.5um
Location +5um
Cylindrical and surface grinding +2.5um
Thread-cutting products + 50 um
Broaching +12.5um
Lapping +5um
Honing +12.5 um
Super finishing +0.5um

Table: Accuracy achievable in machining operations

Roughness (R.M.S.) microns
25 |125|6.25( 3.2 | 1.6 | 0.8 | 0.4 |0.20| 0.10| 0.05 |0.025

Operations

Flame cutting, Sawing

Hand grinding

Filling, Disc grinding

Turning, Shaping, Milling
Boring

Drilling

Surface grinding

Cylindrical grinding

Honing, Lapping

Polishing

Super finishing

Buffing
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Q.1

Q.2

Q.3

Q.4

Student's
Assignments

1

Which of the following shape is obtained when
generatrix are circular and directrix are straight
line”?

(a) Straightline

(b) Surface of revolution

(c) Cylindrical

(d) Plain surface

Which among the following machine tools have
minimum setting time for job and tool?

(a) General purpose machine tools

(b) Production machine tools

(c) Special purpose machine tools

(d) Single purpose machine tools

General purpose machine tools are used
(a) Forhigh production rate

(b) For large production volume

(c) For automated production

(d) In normal workshops and repair shops

Spindle speeds of machine tools are generally in

Geometric progression because

(a) Difference between two consecutive speeds
is fixed

(b) Vibrations are reduced

(c) Itallows more uniform dispersion of speed in
the entire range

(d) Total speeds in a given range are maximized

coon pacwace PV

Q.5

Q.6

Q.7

Q.8

Manufacturing Process-II
Introduction to Machine Tools

9

Which of the following is most precise definition

of machine tool?

(a) It converts one type of energy to other

(b) Holds the workpiece and provides rotary
motion

(c) Holds the workpiece and cutting tool for metal
removal

(d) Holds the cutting tool for metal removal

Which among the following process provides
highest dimensional accuracy?

(a) Cylindricalturing (b) Jig boring

(c) Shaping (d) Milling

Which among the following process provides best
surface finish?

(a) Hand grinding

(b) Cylindrical grinding

(c) Cylindrical turning

(d) Milling

Which of the following is a load carrying member,
which provides support to a machine tool?

(a) Spindle (b) Guideways

(c) Slideways (d) Machine structure

ANSWERS

1. (d) 2.(c) 3.(d 4. 5. @©
6. (b) 7.(b) 8. (c)
HEEER





