MODULE

2.1 MILLING

Milling is a process of shaping work materials by feeding the work Milling cutter Cutter axis-ofyrotation

_material against a multipoint rotating cutter. Refer figure 2.1(a).
The machine used for the purpose is called milling machine. Milling
can be used for producing flat, angular or curved surfaces, for cutting

Cutting teeth

threads, toothed gears, keyways, slots, and a wide variety of other Machined

operations. It can also perform drilling and boring operations. The surface

type of cutter used in milling depends on the shape desired on the —— Work feed
workpiece. Figure 2.1(b) shows the various shapes produced by

(a) Milling process

D7 {2

Curved face Step face T-slot Pocket Angle surface  Gear teeth

milling.

(b) Various shaped produced by milling
Figure 2.1

Principle of Milling

In milling, the cutter is held in the spindle of the machine anq made to rotate at su?tablc speeds. T.llc work_pif:cc is z}lso l'leld
rigidly by a suitable device and is fed slowly against the rotating cutter. T'l}e workpiece can be fe_d in two dlﬂc.rcpl dl.rccuons
with respect to cutter rotation as shown in figure 2.2: the process thus gives a means of classification of milling into two
types known as up milling and down milling.

In up milling process as shown in figure 2.2(a), the workpiece is feq in l!lC dm?cuon opposn‘e 1o %hut of the rotating cutt_er,
while in down milling process as shown in figure 2.2(b), the worlfplecc is feq in the same direction as that of the rotating
cutter. The various aspects related to the two types are tabulated in a comparison form in table 2.1.

Cutter

Cutter

Cut

Cut '
ends here begins here
A | Workpiece i -

Chip Chip
—= Feed / \ Feed
(a) Up milling (Conventional milling) (b) Down milling (Climb milling)

Figure 2.2
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St Up milling Down milling
No limb milling)
No. (Conventional milling) _ (C k ;_, —
. | In up milling, the workpicce is fed in the | In down milling, the workpicce is fed in the

came dircction as that of the rotating cutter.

The thickness of chip is maximum at the
beginning of cut and rcaches to the minimum

direction opposite 1o that of the rotating cutter.
The thickness of chip is minimn at the
beginning of cut and reaches to a maximum when
the cut ends.

o

when the cut ends.
3. In up milling, the cutting force is directed [ The cutling force is dlrcclcq downwards, and
upwards. This tends to lift the workpicee from | this tends to keep the W(-)rl‘qnccc firmly on }hc
the worktable, Hence, greater clamping force for | worktable thereby permitting lesser clamping
the workpicee becomes necessary, forces.

4, During up milling, the chip gets accumulated at | In down milling, the chips do not interfere with
the cutting zone (tool-work interface).  These | the revolving cutter, since they are disposed
chips interfere with the rotating cutter thereby | easily by the cutter. Hence, there is no damage
impairing the surface finish on the work-surface. | to the surface finish of the workpiece.

5. In up milling, it is difficult for efficient | In down milling, the coolant can easily reach the
circulation of coolant. The cutter rotating in the | cutting zone. Hence, efficient cooling of the
upward direction carries away the coolant from | tool and the workpicce can be achieved.

the cutting zone. ‘
6. Up milling is preferred for rough cuts, especially | Down milling produces better surface finish
for castings and forgings, because this method | because there is no dig-in of the cutter. It is
enables the cutter o dig-in and start the cut below | particularly used for finishing operations and
the hard upper surface. small work like cutting slots, grooves etc.

Table 2.1 Up milling v/s Down milling
2.2 TYPES OF MILLING MACHINES

The different types of milling machines are listed as follows:
(i) Column and knee milling machines '
(a) Plain column and knee type milling machines
e Horizontal spindle type e Vertical spindle type
(b) Universal Column and knee type milling machine
(ii) Bed type milling machines
(iii) Planer type milling machine
(iv) Special purpose milling machines
(a) Tracer-controlled milling machine
(b) Thread milling machine () CNC milling machine, ¢(c

2.2.1 Horizontal Spindle Column & Knee Milling Machiy,

. ¢ C
It is one of the most popular type of milling machine, and is comm
the horizontal position of the spindle. This type of machine is
2.3 (a) shows one of the principal views of a horizontal millj,
same. The machine consists of the following parts:

T . quse @
ontal milling machine, becd®

o . e
ots, keyways, gear teeth ete- he
2.3 (b) shows the pictorial view ©

‘ only called horiz
used lo.cut Brooves, g|
& machine, Figure

a) Bascis usually a strong and a hollow part, which forms the
are mounted. The basc also serves as a sump for the cutting fly
The hole provided in the center of the base, houses the suppo

.[bundmiun of the
|d.‘ A pump ang fi
1t for the cley

N (8
i“a('!""c and upon which all the oth¢f Pﬂ;.:.
ration system can be jnstalled in e

ati " ) eC-
<HNg screw that raises and lowers the knee
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b) C(?h:;l'm :]Sdab\(en-lcal hollow casting and is usually combined with the base to form a single casting. The column houses
the spindic and bearings as well as the drive units (gears, clutches, shafts, and shifting mechanisms) for transmitting power

from tl}e ClCCtl‘lC. motor to the s;?indlc at desired speeds. The front face of the vertical column is provided with a square or
dovetail type guideways on which the knee slides up and down.

¢) Sd;;mfile 1sda hl:)llow shaft SUPPOHCQ by the column with suitable bearings that absorb both radial and thrust loads. The
spindie 1S mace ollow and tapered inside to accept standard arbors. The spindle obtains power from the motor and
transmits it to the arbor. The arbor carrying the cutter rotates about a horizontal axis.

d) Overarm mounted on the vertical column supports the yoke, which in turn supports the free end of the arbor.

e) Knee is a casting that slides up and down on the vertical guideways provided on the column by means of an elevating
screw. The knee supports the saddle.

/ Overarm\
Arbor
== 1|
- U Yoke

Cutter

/
Spindle

4 Worktable _ Horizontal ) Ho.rizontal
Ve_rtlcal /] _rsj%ll__‘/ guideways ( guideway
guideways t Kﬂee

Knee Vertical ‘
-] / ) guideway-’L'/‘ knee elevating
Column ? Knee elevating screw \ screw
B - ] Support
Base
(a) End view of a horizontal-spindle (b) Pictorial view

column and knee milling machine

Note Hand wheel for providing motions to knee, saddle and table are not shown in figure.

Figure 2.3 Horizontal spindle column and knee milling machine

f) Saddle mounted on the knee is provided with two slides (guideways) on its top and bottom surfaces. The slides are
machined at right angles to each other. The lower slide fits the slide provided on top of the knee and facilitates horizontal
movement of the saddle. The upper slide provided on the saddle accepts the slide provided on the bottom surface of the

worktable, . |

g) Worktable is larger in sizc and rests on the saddle. T l_1c })gt(OIn surface of the table has a dovclai! sliflc that fits in'lhc
slide on the top surface of the saddle. This arrangcmpnl laqhmlc.j th'c‘ work table to bc moved ‘Iongnudlpaily.or at right
angles to the movement of the saddle. The worktable is provided wnl} F-slols all along its '1911;;1}1 for mounting vice or other
work holding devices. This enables the workpicce 1o be c‘Iam].)ccl rigidly on lh'c l:}blc. !hc wo'rkmblc may bF manually
controlled or power fed. A dial graduated in thousandths of an inch (not shown in figure) is provided to allow for accurate

table movement and placement.
222 Vertical Spindle Column and Knee Milling Machine

Vertical spindle milling machincs arc similar in construction to the horizontal milling machines, except that the spindle is
held in a vertical position. This type of machine is generally used to perform end milling and face milling operations.
Figure 2.4 shows the principal parts of a vertical milling machine.
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Spindle head
(Swiveling type)

Spindle

- Cutter
Worktable
Horizontal guide ways Vertical
guideways
fad
i Column

Knee elevating screw

Support

Base

Figure 2.4  Vertical spindle column and knee type milling machine (swiveling type)

Constructional details Readers are requested to refer section 2.2.1. Horizontal spindle column and knee milling machin;
for details regarding the various parts of the machine. The details regarding the spindfe used in vertical milling machinei

briefed as follows.
Spindle is located vertically, parallel to the face of the column, and perpendicular to the top of the worktable. The spindl
is mounted in the spindle head and carries the cutter at its end. The spindle head houses the motor & feed controls, & ca

be cither fixed type or swiveling type.

In fixed type, the spindle head is fixed, and hence the spindle remains vertical. The spindle can be adjusted up and dow
to perform operations like grooving, slotting, facing, drilling and boring. While, in swiveling type, the spiﬁdle head canb
swiveled to any angle to the surface of the worktable. This permits working on angular surfaces of workpieces.

2.2.3  Specification of Milling Machine

Milling machine is specified by one or more of the following criteria.
* Type of spindle * Length & Breadth of the worktable e Power of driving motor
 Number of spindle speeds ¢ Spindle feed range o Taper of spindle nose, etc
9 .

2.3 MACHINING PROCESSES ON MILLING MACHINE

A few machining processes on milling machine are discussed as follows
1) Plain or Slab milling

Plain milling, also called surface milling, peripheral milling or slab milline i .
horizontal surfacg with a milling cutter _whosc axis is parallel to (he surface if‘sha maclm.'l "
2.5. The process I (;a'rrlcd out on a honzonlal‘milling machine with a cygger hl flworkplecc being machined. Refer l.—1
periphery of a cylindrical sfurface. The cutter 1s mounted on the arpor rotatj aving strz.ught or helical teeth* formed ‘one
fed against the cutter causing material to be removed from (he work ’ie Ing at A suitable speed, while the worlq)lec‘
this process. Pece. A plain smooth surface can be produced*

ing process for producingd pl

|
|
7
|
|
|

Scanned by CamScanner



Module -2 39

Arbor, Plain cutter

/ Plain milling cutter with helical teeth

Arbor

-— Cutter axis

™

Workpiece

l':— Workpiece ——I ‘

Figure 2.5  Plain/Slab milling

2) Face milling

Face' milling is a lpachirling process carried out for producing a flat surface, which is perpendicular to the axis of the
rotating cutter. Refer figure 2.6. The process is carried out on a vertical milling machine with a cutter called face milling

cutter, having diameter larger than the width of the workpiece being machined, so that the surface can be finished in a
single pass.

CW"/ Spindle End mill -

| \
Face cutter |
|

oo
D e A

—~—— Work Work

Figure 2.6  Face milling Figure 2.7  End milling
3) End milling

End milling is a machining process carried out for producing flat surfaces, profiles, slots, grooves, or finishing the edges of
the workpiece by means of a tool called end mill or end milling cutter: Figure 2.7 shows an end miiling cutter having tecth
on the end as well as the periphery (sides) for machining with both its end as well as its sides. The cutter usually rotates on
an axis perpendicular to the work surface, although it can be tilted to machine tapered surfaces. End mills are also available
with hemispherical ends (ball nose) for machining curved surfaces in metallic dies and moulds.

4) Slot milling

Slot milling is a machining process for producing slots like T-slots,

plain slots, dovetail slots etc., in worktable fixtures and other work Shank <+—>
holding devices. The operation may be performed using either Ivl;‘(rl(:ﬁt Neck T-stlot
endmilling cutter, T-slot cutter, dovetail cutter, or side milling cutter. | 'Nec \ ‘ /CU ter
The type of cutter selected depends on the shape of the slot to be I';::I:t“*‘ ‘—]— j | /
produced. Figure 2.8 shows the operation of producing T-slot. en l_“” “ HH]

Two separate milling cutters are required for milling T-slots. 32‘;’;"] I |
Initially, a plain cutter, side cutter or an end milling cutter is used Workpiece Head space

to cut the throat (open sloy) starting from one end of the workpiece width

to its other end. A T-slot milling cutter is then used to cut the
_ headspace to the desired dimensions. Similar procedure is followed
for cutting a dovetail slot, but a dovetail slot cutter is used in place of T-slot cutter.

Figure 2.8  Slot milling
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5) Angular milling Cutter Cutter

Angular milling or angle milling is a machining

process for producing all types of angular cuts like V- ‘?‘7‘_"
notches and grooves, serrations and other angular

surfaces. Refer figure 2.9.
~N

The cutter, called angle milling cutter or angle cutter v ’ \v/
may be either single-angle type having teeth on its ///// /// /////’/3
l

AL
A

77T

conical surface that can produce an angle or chamfer

on the workpiece edge as shown in figure 2.9(a), or / Workpiece Workpiece /1
the cutter can be double-angle type having teeth on = . e
two conical surfaces that can produce double angle (a) (b)
cuts as shown in figure 2.9(b). Angle cutters ma o

. > s 4 Figure 2.9  Angular milling

also be used to produce dovetail slots in workpieces.

6) Form milling

Form milling is a machining process carried out for producing curved profiles with a variety of shapes like concave,
convex, spline, etc., using cutters whose edge is shaped to produce a special configuration on the surface of the workpiece.
‘Refer figure 2.10. The cutter known as form mill has teeth on its periphery and is designed in various shapes to suit the type

of surface to be machined

Form cutter R Form cutter
Arbor / (Convex cutter) Atbo Side or slab
rbor face cutter
N _ . _
E; % Spacer . Arbor
777/ 7/, / /// )
Workpiece Workpiece / Workp{ce/
L ya L L

Figure 2.10  Form milling Figure 2.11  Straddle milling

7) Straddle milling
Straddle milling is a machining process, in which a pair of side milling cutters is used for machining two parallel vertical
surfaces simultaneously as shown in figure 2.11. The side milling cutter can have cutting edge on one or both sides as well

as on the periphery.

Straddle milling is accomplished by mounting two side milling cutters on the same arbor, set-apart at an exact spacing with
the help of spacers, washers and shims, so that the distance between the cutting teeth of cach cutter is exactly equal to the
width of the workpiccc area being machined.

8) Gang milling

Gang milling is a machining process, in which two or more cutters are mounted on the same arbor, so that different profiles
required on the workpiece can be machined simultancously in a single pass as shown in figure 2.12. All the cutters usad
may be of the same type or of different types depending on the type of surface being machined.

9) Gear cutting or Gear milling

Gear milling or gear cutting is a machining process carried out on a milling machine for cutting teeth of different shapes by
using form milling cutters or involute gear cutters. The shape of the gear tooth profile depends on the shape of the cuttéf
Figure 2.13 shows the simplified diagram of a cutter in spur gear milling operation.

The workpiece is mounted rigidly on the index Ixea({ spindle with the cutter touching the periphery of the workpiece. T
vertical dial is then set to zero reading. The cutter is chosen according to the module and number of teeth to be cut. ™
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cutter is mogntcd on the arbor of the horizontal milling machine rotating at a suitable speed. The worktable is fed vertically
upwards to impart depth of cut. Teeth are cut on the workpiece by feeding it lincarly against the rotating cutter. Depth of

cut is m_crcased slowl.y until it reaches the full depth of the tooth. After one tooth is cut, the workpiece is indexed (rotated)
by a suitable mechanism for cutting the next teeth.

/)/ Cutter

Slab/side cutter Slab/side cutter
Plain cutter
? 4 Arbor Gear teeth
—-f =14 A Y S
Workpiece
Index head spindle
Figurc 2.12  Gang milling Figure 2.13  Gear milling

10) Thread milling

Thread milling or Tread milling is the operation carried out on milling machines to cut threads and worms by means of
suitable cutters. Two types of cutters are generally used for producing threads. The first type of cutter, called single cutter
consists of a single row of teeth mounted on the periphery of a cylinder as shown in figure 2.14(a). Such cutters are
generally used for cutting threads having coarse pitch and on long screwed parts like lead-screws and worms. The second
type of cutter consists of teeth in a number of rows, spaced from one another at a distance equal to the pitch as shown in
figure 2.14(b). This type of cutter is used for producing threads for comparatively shorter lengths.

Cutter
@ Cutter

Spindle /\r\/\/\/\/

R e =3

v Threads
Workpiece E C Workpiece

(a) . ' (b)
Figure 2.14  Thread milling

y A
gl
p
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24 INDEXING

Milling operations sometimes require the rotation of work piece, correct to fractions of minutes, for each groove, slot, gear
teeth, etc., to be cut evenly on the work surface. The accuracy of spacing between each cut becomes very important, and

this is accomplished by means of a specialized attachment called indexing head or dividing head. The process is referred as

indexing.

Indexing can be defined as the process of evenly dividing the circumference of a circular work piece into equally spaced
divisions, in order to perform certain machining operations such as cutting gear teeth, splines, grooves in reamers and taps,
etc. There are different types of indexing, however from the syllabus point of view, three types of indexing viz., simple
indexing, compound indexing, and differential indexing are discussed herein.
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In order to understand the different types of indexing, it is essential to understand the mechanism of indexing. A brief
introduction to the indexing mechanism is provided for the benefit of the readers.

——

2.5 INDEXING MECHANISM

A simple indexing mechanism as shown in figure 2.15 '”geixnsﬁgad
consists of a 40-tooth worm wheel fastened to the index P
head spindle, a single start threaded worm, a crank for

turning the worm shaft and an index plate. Also, refer
figure 2.17.

Worm wheel

Index plate

Index pin , Plunger

The workpiece is secured to the index head spindle by
means of a suitable holding device (not shown in figure).
The goal of the indexing mechanism is to control the
rotation of the index head spindle and hence the
workpiece, so that the circumference of the workpiece
can be divided into any desired number of equal
divisions. The worm shaft carries the crank at its outer
end, which in turn supports a spring loaded plunger as
shown in the figure. The index pin (crank pin) works
inside 1.he plunger and can be_adjusted to lock it ipto Figure 2.15  Indexing mechanism
the desired hole circle on the index plate. By pulling =

shaft

Holes in index plate

the index pin outwards and rotating the plunger, the crank, and hence the worm shaft can be rotated. The index plate is also

mounted on the same shaft (worm shaft) as the crank, but on a sleeve, in order to remain stationary while the crank and the
worm shaft is being rotated.

In operation, when the index pin (crank pin) is pulled outwards and the crank is rotated. the worm shaft rotates causing the

worm to drive the worm wheel, and consequently the spindle head and the workpiece to turn.  The distance or the angle

through which the workpiece is rotated depends on the revolution given to the crank. The details regarding this, is provided
in section 2.7 Simple or Plain Indexing.

Use of Index Plate
The index plate is a circular plate provided with a series of circles (six or more) of equally sp

comes in three sets, cach carrying different number of holes in them. The three st
having different holes is given in table 2.2. Fi gure 2.16 shows the index plate

aced holes. The index plate
andard plates of Brovwn and Sharp type
1 of Brown and Sharp type.

19-hole circle

20-hole circle
Plate 1 15,16, 17,18, 19, 20 holes,
Plate 2 21,23,27,29, 31, 33 holes,
Plate 3 37,39,41, 43,47, 49 holes.

Table 2.2 Index plates of Brown and Sharp type

Figure 2.16  Index place 1 of Brown and Sharp type
2.6 METHODS OF INDEXING
There are different methods of dividing the circumference of 5 circul

ar workpiece into equally spaced divisions. These
pound indexing, Differential indexing and Angulaf
indexing are discussed herein,

include: Direct or Rapid indexing, Simple or Plain indexing, Com
indexing. From the syllabus point of view, the first three methods of
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2.7 SIMPLE OR PLAIN INDEXING

In simple or plain indexing method, the workpicce is rotated by Index crank Worm wheel

turning the crank as shown in figure 2,17, Also, refer figure Plunger- .

2.15. When the crank is rotated, the worm shaft rotates causing Index pin

the worm to drive .the worm wheel and consequently the spindle U/A;— Index head

to turn.  As the spindle rotates, the workpiece that is secured to spindle 2

the spindle by means of a suitable holding device (not shown in

figure) also rotates. The angle through which the workpiece E Worm shait \\\\\\\
\

rotates for each revolution of the crank depends on the velocity
ratio between the worm and the worm wheel, Index plate Worm

To calculate velocity ratio Figure 2.17  Side view of the Indexing mechanism

Since the worm has 3 single start thread and the worm wheel 40 teeth, one revolution of the crank (i.e, of the worm)
.causes the worm wheel to rotate through one pitch distance, i.c., equal to 1/40" of a revolution. Similarly two turns of
crank will make the workpiece (o rotate through 2/40 or 1/20™ of a revolution, and so on. In other words, 40 revolutions
of the crank will make the workpiece to complete one full turn or a 360° revolution thereby making the ratio 40:1.

360°
40

Thus it is clear that, larger revolutions of the crank result in $mall rotation of the workpiece. Hence, we can divide the
circumference of the workpiece into any desired number of equal divisions. The following calculations shows the
rotations required for the crank in order to divide the circumference of the workpiece into desired number of divisions.

=90

Therefore, one turn of the index crank =

L , 40
For 2 divisions on the workpiece, the crank has to rotate 5= 20 turns for each division,
For 4 divisions on the workpiece, the crank has to rotate Vi 10 turns for each division.
. . 40 I
Therefore, for N divisions on the workpiece, the crank has to be rotated W for each division,

. .. 40
In other words, the index crank movement is given by: Index crank movement = N where, N = number of divisions
required on the workpiece.

Example - 1 To index 23 divisions on the workpiecce

If the workpiece is to be divided into 23 divisions, the crank movement is calculated as follows:

This means that, for each division on the workpiece, the crank should be given 1 full turn, plus a fraction l—z of a turn
23 < .

This is here, where the circular holes provided in the index plate comes to use. Refer figure 2.16.

Inthe fracyj t 2L the numerator denotes the number of holes to be moved ; he i | i i
on term, >3 S ¢d In the index plate, while the denominator

denotes ghe number of holes on the circle to be used. Comparing the denominator with the counts available on the
%N and Sharp index plates (Refer table 2.2), the denominator 23 matches with the coung available in plate 2. Hence,
Plate 2 ¢ap pe used for indexing.
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;{;r}l\ce for cach division on the job, the crank should be given one full revolution, and further move throu
ole circle of the index plate 2 of Brown and Sharp type.

{‘Voolle ‘S{nce the .index plate °0“5i5t5_ of a number of The shaded hole represents
es, it is very difficult to count and identify the holes  the hole to which the index
each and every time the workpiece is being rotated. pin is to be inserted
The sector arms provided on the index plate helps to

set the spacing of holes in the index plate.

Sector amy

Figure 2.18 illustrates the use of sector arms. The

setting of the sector arm indicates the hole into which index 4
the index pin is to be inserted thereby making it
unnecessary to count the holes when moving the crank

after each cut. The two beveled arms of the sector can be set at any ang

Figure 2.18 Use of sector arm

le to each other for easy identification of hol

Example - 2 To index 11 divisions on the workpiece 3
40 a0 7 11| 40
Index crank movement = — = — = 3— for each division. 33

N 11
11 =

en 3-full turns and further move through

This means that, for each division on the workpiece, the crank should be giv
able in any of the three Brown and Sha

holes on a 11 hole circle of the index plate. But a I1-hole circle is not avail

index plates. Refer table 5.2.
Now consider all the three Brown and Sharp plates and the denominator value I1.
. 7 the numerical 33 is a multiple of 11, i.e, 1T X 3

numerical value multiple of 11. Tt is clear that, n plate 2, th
7

both numerator and denominator of the fractional term T by 3, which will make the denominato

Identify the plate which has
= 33.

Therefore, divide
; . , . 7 3 1 . -
oles in the index plate circle. i.e., —x—= for each division.
13 33
nds for the number of holes to be moved. In other words, for each division (out
hould be given 3 full turns, and further move through 21 holes on a 33 hole cir

Iw

of the fraction equal to the number of h

(9%

The new numerator obtained now sta
total 11 divisions), the index crank s
on the index plate of Brown and Sharp type 2.

e always to index (rotate the crank) clockwise on the plate to climinate backlash. Also, whe

It is good practic
ahead of the index pin.

counting holes, start with the first hole

2.7.1 Numerical Problems of Simple Indexing

Problem 1. Find the crank movement required to divide the periphery of the job into 6 equal divisions. Use one of !

Brown and Sharp indexing plates.

Solution :

To divide the periphery of the job into 6 divisions

0 40 20 2 _
We know that, Index crank movement = ~& = 7" 7 3 ’3 for each division.

This means that. for each division on the workpiece, the crank should be given 6 full turns and further move throug!
2 But. a 3-hole circle is not available in any of the Brown and sharp index plates ider
fraction 3 of a turn. BUt, p index plates. Now, const
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Therefore, for complete indexing, the index crank has to be moved by 20 holes in a 43-hole circle of Brown and

sharp plate 3, for 83 times (83 division)

Step 4 To obtain simultaneous movement of index plate and crank

The movement of index plate along with index crank, either in the same direction or reverse direction depends
on the type of gearing ratio and the selected number A.

a) If (4 = N) is positive, the index plate must rotate in the same direction as the crank.

b) If (A - N)is nggalive, the plate must rotate in the opposite direction to that of the crank. To achieve this rotation,
the number of idle gears should be selected. This selection depends on:

e If (4 — N) is positive, and if gear train is simple, then, no idler gear is used.

e If (4~ N) is positive, and if gear train is compound, no idler gear is used.

o If (4 — N) is negative, and if gear train is simple, two idler gears are used.

e If (4 - N) is negative, and if gear train is compound, only one idler gear is used.

In the present problem, (4 ~ N) = (86 - 83) = 3 is a positive value, and the gearing ratio is compound, since two drivers and

two driven are used. Hence, no idle gear is required.

2.10 DRILLING

Drilling is a machining operation of producing a
cylindrical hole in a solid workpicce by means of a
revolving tool called drill bit. The tool is also called
nwist drill since 1t has sharp twisted edges formed
around a cylindrical body. Figure 2.21 shows the
drilling operation.

In operation, the drill bit is held rigidly in the chuck
of the machine and rotated by the spindle at high
speeds. With the help of a hand wheel or by
automatic means, the drill bit is forced to move
against the rigidly clamped workpiece. A hole is
generated by the sharp cutting edges of the rotating
drill bit and meanwhile, the excess material removed
(chips) gets curled and escapes through the helical
grooves provided in the drill bit. Although drilling
seems to be a simple process, it is actually a complex

Shank held Twist drill

in machine spindle

Curled chip escaping

through the flutes of drill
Tool feed l

Workpiece Clamp

Lk L L U [

Figure 2.21 Drilling

one. The tool apart from performing the cut_ting action also extrudes the cut material (chips) from the workpiece. Since the
cutting action takes place inside the workpiece, a lot of heat generated is minimized by circulating a suitable coolant.

2.10.1 Boring

Boring is a machining process carried out for enlarging a previously drilled hole <
by means of an adjustable cutting tool having only one cutting edge. Refer figure
2.22. Boring is usually performed when a drill bit of the required dimension is not
available. In such cases, a hole is first drilled to the nearest dimension and then a
single point cutting tool is fastened and adjusted to a boring bar to enlarge the size
of the existing hole to the required dimension. While boring, the tool is rotated at

Speeds slower than that of reaming.

In addition to enlarging a previously drilled hole, boring operation corrects the

Boring bar

Single point
cutting tool

A~ Warkpiece

hole location and out-of- roundness, if any, as the tool can be adjusted to remove  F€¥1°USly drilled hole

More metal from one side of the hole than the other.

Figure 2.22  Boring
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2.10.2 Reaming

usly drilled hole so as to
hole. Refer figure 2.23. Cutting
reamer, which consists edges
of the cylindrical body.

Rt?ami.ng is a machining process carried out for finishing a previo

bring it to a more exact size and to improve the surface finish of the

The operation is carried out using a multi-tooth revolving tool calle;i

of a set of parallel straight or helical cutting edges along the lengt lling. The

; ing.

While reaming, the speed of the spindle is reduced to nearly half of that (l):dﬂ;; ﬁ: lis ﬁgn <hed [ |

material is removed in small amounts, and hence the surface of the dril // |
|

A

with high accuracy.

2.10.3 Differences between Drilling, Reaming and Boring Figure 2.23 3

- . ized i 2.3.
The differences between drilling, reaming, & boring processes are summarized in table

SL. . . o
;0 Drilling Boring Reaming

I' | Used to generate a hole in a | Used 1o enlarge an existing hole. | Used to lmprov? t}t:e SI.Il.'fa'ce,‘
solid  workpiece. It is | It is considered as secondary | and tolerance of the existing he

considered as a primary | operation. It is . considered as se onda
operation. operation. E
2 | Cutting tool is called nwist | Cutting tool is called boring bar. | Cutting tool is called reamer
drill N
3 | Twist drill is a single point Boring is a single point cutting | Reamer is a multi-point tin
cutting tool. tool. tool. :

4 | Drilling can increase the | Boring can increase the diameter Neither diameter nor length can /b
length of the hole, but cannot | of the existing hole by adjusting | increased substantially by reaming
change the diameter unless | the cutting tool, but cannot 3

~iaad

the twist drill is changed. increase the length of the hole,
5 Mctal removal rate (MRR) is MRR_ Is in between drilling and | Due to reduction in speed, ""f:}
higher. reaming, low. However MRR does not ',
any role in reaming, as its aim |
Improve the hole finish
tolerance.
Table 2.3

Comparison between drilling, reaming, and boring

2.11 CLASSIFICATION OF DRILLING MACHINES

Drilling machines are classified accordihé to their general constryctj |
. re d acc uction and i L
different types of drilling machines include: PR oF work they are reqiref E

a) Portable drilling machine

b) Bench or Sensitive drilling machine

c¢) Radial drilling machine
e Plain radial drilling machine ¢ Universal radial drilling machine Semi-uni . b

d) Upright drilling machine “universal radial drilling
e Round column or Pillar drilling machine

¢) Multi-spindlc drilling machine

f) Gang drilling machine

g) Automatic drill.ing mach'inc 4

h) Deep hole drillmg machine , ﬂ

o) Computer Numerical Control (CNC) drilling machine.

* Box column upright drilling machine
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2.11.1  Bench (Sensitive) Drilling Machine

Bench drilling mﬂCh}ﬂCS are used for drilling small holes at high speeds in small sized work pieces. The diameter of the
hole usually Ifd"gt-\ from 1.5 mm t0 15 mm. "The machine is usually supported on a work-bench and hence the name bench

ing “hine <1 a ) 3 < : - inge . — . . . - . -
drilling machine. Figure 2.24 shows the details of a bench drilling machine. The machine consists of the following parts:

a) Base

: . Motor
The base of the l'ndLhIIIL 1s made from cast iron material and J‘:"r/ shaft
supports the vertical column. The base is provided with holes = v-belt
are 1t {ir v fal . . ' 2 < 2 [ S
to secure 1t firmly to the table or bench with the help of bolts b [4 Stepped
and nuts. L —1 pulley
. Drill
b) Vertical column head
. . 5 () Motor
The column is a hollow steel pipe mounted rigidly on the base. ~ Hand feed o= \
It supports the drill head & worktable. lever L
¢) Worktable Sleeve
. . Spindle
The worktable supports the work picce to be drilled. The table ‘ Vertical col
1c . . p rtic
can be raised or lowered, and can be clamped to the vertical SHHES ertical column
column at any desired position. This helps to accommodate Drill
different sizes of workpicee on the table. The table can also be
iveled aro s vertical ¢ any desire i Worklablcl
swiveled around the vertical column to any desired position, il ‘ [— Table clamp
need be.
d) Drill head
A fixed drill head located at the top end of the vertical column / \
carries an clectric motor and a mechanism through which the
spindle can be made to rotate, as well as slide up and down. ( Base ]
The top end of the spindle is connected to a stepped cone pulley . .
P ! Figure 2.24  Bench or Sensitive drilling machine

which obtains power (rotary motion) from the motor shaft
through a v-belt arrangement. The speed of the spindie can be varied by changing the belt position on the cone pulley. The
lower end of the spindle carries a socket/drill chuck* to hold the drill bit rigidly during operation. The vertical movement
of the spindle and hence the drill bit, is controlled by the hand feed lever.

2.11.1.1  Specification of Sensitive Drilling Machine
Bench or sensitive drilling machine is specified by one or more of the following criteria.
e Maximum diameter of the work that can be drilled e Power of motor ¢ Spindle speed and feed
* Weight -of'lhc machine, etc.
211.2  Radial Drilling Machine
Radia] drilling machines are used for drilling. n?cdium or larg?‘diamclcr. holes ofllp to 50 mm in heavy work pieces. Figure
2.25 shows the principal parts of a radial drilling machine. The machine consists of the following parts:

2) Base

The base of the machine is a large cast iron material on which is mounted a cylindrical vertical column, The base is
Provided with T-slots, which help the workpiece 1o be clamped rigidly to the base of the machine.

b) Vertical coiumn

The column is a long, cylindrical shaped part fastened rigidly to the base. The column carries a radial arm that can be raised
or lowered by means of an electric motor and can be clamped to any desired position. The radial arm can also be rotated

(SWiveled) in a complete circle around the column.

A drill chuck holds the cutting tool of any size, whereas a socket is used (0 hold g 0] ,, f'a particular shank size
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Spindle motor Elevating motor

Guideways

\

Drill ——= 4

Radial arm P
\ head / ()

7,

Sleeve 7

Spindle :
7,

Chuck Feed handle [Z \ Vertical column
7,
7,
Drill

: ‘\
Z] T Elevating screw

Workpiece

( )

Figure 2.25  Radial drilling machine

¢) Drill head
The drill head is mounted on the radial arm and carries a driving motor and a mechanism for revolving and feeding (powt

feed) the drill bit into the work piece. The drill head can be moved horizontally on the guideways provided in the radé
arm, and can be clamped to any desired position.

With the combination of the movements of radial arm and the drill head, it is possible to move the drill bit and hex
generate a hole at any desired position without moving the work piece.

2.11.2.1 Specification of Radial Drilling Machine

Radial drilling machine is specified by one or more of the following criteria.
e Length of arm e Diameter of column e Range of spindle speed and feed  Motor power

e Drilling depth e Weight of the machine, etc.

2.11.3 Upright Drilling Machine
Upright drilling machines are used for drilli.ng. holes of'up to 50 mm diameters in medium sized work pieces. The machi
hat of sensitive drilling machine, but differs specifically in its weight rigidity, power feedi®

is similar in design to t r ‘
mechanism and a wide range of spindle speeds and feeds. Based on the design of vertical column, upright 2 Pling e

are classified into two Lypes:
e Round column or Pillar d

o Box column upright drilling machine
i i/lar or Round column type is the most co o . o
listed above, £t mmonly used in industries. The const™™

hine are described in brief as follows: !
d Column Upright Drilling Machine or Pillar Drilling Machine I

rilling machine

Of the two types
details of the mac

2.11.3.1 Roun

i 6 shows the detai!s :
g lgl{rlz (ZJfZIhc machine are discussed In br
etal

. . . . A '
of the round column upright drilling machine or pillar drilling machine. The CO"SMM ¢
ief as follows: '

1
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The machine Cffﬂsms of a round vertical column, referred as pillar, mounted on a strong and a rigid base which rests on the
floor. The vertical column carries a power head at the top and a table arm, which supports the work table. The table arm
can be raised or !owered on the vertical column with the help of a rack and a pinion arrangement. This movement facilitates
for accommoda‘tlng workpieces of different height. The table arm can also be swiveled or rotated in an arc up to 180°
around the vertical column and can be clamped at any desired position. Large work pieces that cannot be mounted on the
worktable may be supported directly on the base. In such cases. the table arm is swung aside, and the workpiece is mounted
on the base of the machine.

Apart from the fwo movements of the table arm, there is another adjustment given to the worktable which is supported on
the tab!e arm. The round worktable may be rotated about its own axis by 360°. This movement permits drilling of holes on
pitch circles.

Pillar d»nllmg machine allows the operator to hand feed or power feed the tool into the work piece. The power feed
mechanism automatically advances the tool into the workpiece. The power head carries a gear drive mechanism with
which the spindle speeds and feeds can be varied for carrying out drilling in different types of work pieces.

/ Geared drill head
Power head accommodating multiple
Y spindles
Spindle speed N
control lever i
Spindle Hand feed
Chuck lever Guideways 1 Drill bit
Drill :
-{Rack Column
Swiveling
of table i; Worktable [ Work table
Table arm Q') ’ FO|
Table -]~ Round
clamping screw 1 column
[ [ 1
Base Base
Figure 2.26  Pillar drilling machine Figure 2.27  Multiple spindle drilling machine

Upright drilling machines are specified in the same manner as that of Bench drilling machine.
2.11.4  Multiple Spindle Drilling Machine

Figure 2.27 shows the simplified diagram of a multiple spindle drilling machine.  The constructional details of the machine
are discussed in brief as follows:

Multiple spindle drilling machines, as the name suggests, h_u\'c several spindles driven by a single power head. and all the
spindles holding the drill bits arc fed into the workpiece simultancously. The spindles are so constructed that their centre
distance can be adjusted in any position within the drill I)C;ld depending on the Job requirement. For this purpose, the drill
spindles are connected to the main drive by means of universal joints, o

The spindles in a multiple spindle drilling machine may carry drill bits of similar sizes or different sizes depending on the
diameter of the holes to be drilled. Either the spiqdlcs move downwards, or the worktable is designed [;, move up\; ards (©
obtain the required feed (depth of cut). Most of the machines are designed with worktable moving upwards along the
gUideways of the column.  The spindle heads can also carry different 1ools for performing different operations x;n the work
Piece. For instance, the first spindle head may be used to drill a hole, the second head for reaming ~‘|ndllhc third head tor
Performing tapping operation. The machine is designed to hold as many as S0 spindles operated :: \ a common drive and
are mostly used in mass production applications. ’
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2.11.5 Gang Drilli i -
g Drilling Machine ing, reaming,counterboring etc,, arc;‘%

rations such as drill
hows the bloc
d in brief as follows. ‘
nted rigidly on 2 common base. The spin e
llectively set for the desired speed and deptl

position for the operation at each spind|e 3

Gang drilling machine is used when several related ope
performed in succession on a single workpiece. Figure 2.28
machine. The constructional details of the machine are discusse

The machine consists of independent columns, heads and spindles mou
be driven by power or manually by hand and can be independently or €O
machine carries a single worktable on which the work piece can be slid into
table may be of stationary type or adjustable type.

Gang drilling machines are designed with drill spindles permanently spaced,

columns may be adjusted, so that the space between the spindles may be varied.
production applications, wherein a single operator or more than one operator may be em

k diagram of a three-spindle gang ¢

or in some machines the position o
Gang drilling machines are used jp
ployed to perform various opery

Drill Drill Drill 1
head head head 1
Column H\ —— H H‘\ Spindle :
~ Spindle fiﬂk::? i
#
I Worktable l
/,
§ Worktable ;
/ elevatin
g e’

| screw

Base

Figure 2.28  Gang drilling machine
2.11.5.1 Specification of Gang Drilling Machine

Gang drilling machine is specified by one or more of the following criteria
* Number of drill head / spindles ¢ Distance between spindles o
e Working surface e Overall size of the machine, etc.

2.12 BORING MACHINE

Maximum distance from spindle nose to tabk

Boring machine is used to enlarge a previously drilled hole to the
pumps, turbines, railroad wheels, etc., by means of a single point
boring. Besides enlarging holes, a boring machine can also be used

correct size, eg
cutting tool.

. _ to perform op
Classification of Boring Machine Boring machines are broadly classif; d
1€d as

1) Horizontal boring machine
o Tabletype * Planer type « Floor type  Multiple head type ‘
2) Vertical boring machine
e Single column type e Double column type -
3) Jig boring machine (Precision boring machine)
4) Diamond (Fine) boring machine 5) CNC boring machine, etc.>

pecially in large and heavy Pamg
Tht? operation performed is refe™
crations like drilling, facing, milli"

follows: ;
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2.12.1 Table Type Horizontal Boring Machine

Figure 2.29 shows the table or universal type horizontal boring machine. The machine consists of the following parts:
a) Vertical main column

The main column is rigidly mounted on the bed of the machine and supports the headstock unit. The column carries a
vertical guideway along which the headstock travels up and down. The column is usually made hollow in order to
accommodate the counterweights which balance the headstock and make it easier to move.

b) Headstock

The headstock carries the horizontal spindle assembly, electric motor, and a number of different units and mechanisms in it,
to support, drive, and feed the boring tool. The headstock can be moved vertically on the column by means of elevating
screw and can be clamped at any desired position.

¢) Horizontal spindle

The horizontal boring spindle suitably housed in the headstock. is hollow, its end carrying a tapered hole in order to receive
the shanks of cutting tools. The spindle rotates between two precision roller bearings and can be fed axially either forward
or backward according to the requirements.

d) Worktable and Saddle

The machine consists of a saddle and a rotary worktable. The bottom face of the saddle fits in the horizontal guideways
provided on the bed, thereby allowing it to be moved longitudinally along the bed, while the upper face of the saddle is
provided with guideways to accommodate the worktable which can be moved at right angles to the longitudinal motion.
The movement of the saddle & the worktable can be done either manually or by power as desired.

¢) Bed

The bed is a heavy cast iron structure supporting all the parts of the machine. The bed houses in it, various mechanisms for
vertical movement of headstock and the longitudinal traverse of the worktable, apart from various toolings over it.

) End support column

The end column is designed to support one end of the long and heavy boring tool during operation. The column is provided
with vertical guideways along which the bar holder travels up and down.

3
:H — End support
Vertical main 1 ] column
column J g
| S
tock -
Spindle Headstoc i E
—————— R e PR R v
11 : Bar holder
\
Bed Saddle  Gideway

Figure 2.29  Table type horizontal boring machine

212.1.1  Specification of Horizontal Boring Machine

Horizontal boring machine is specified by one or more of the following criteria.

* Spindle diameter e Spindle travel ® Motor capacity and range of spindle speeds e Worktable dimensions
* Height of spindle axis from table surface e Longitudinal worktable traverse, and e Cross-movement of worktable
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