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19.3.4 Drilling and Reaming Tools

The process and methods of drilling holes have already been discussed. The common toc

used for drilling is the twist drill (F1g 19. 21) This tool has progressed through a long histor
of development in its geometry.

— Straight or ‘ Lip relief angle — Web
R e SO ' : Margin-
, : (or land)
‘ --------------- ' Fiute
Shank Ien th —>le» |« Fiute len th——> S
3 _— / : —_ Body g .| Lip Chisel edge
,~ ———— Overall length ,| (orcutting  angle

S edge)
~Fig.-19.21 - Parts of a twist drill.

Nomenclature of twist drill parts (Fig. 19.21, Fig. 19.22 and Fig. 19.26)
(i) Body is that part which is fluted and relieved.
(ii) Shank is that part which fits into the spindle of drill press.
(iii) Point is the entire cone-shaped surface at the cutting end of the drill.
(iv) Cutting edge is that part of the point which is sharp like a knife, and cuts the metal

during drilling. Lips are the main cutting edges of the drill and are formed by the
intersection of the flank and flute surfaces.

(v) Lip clearance angle is the surface of the point that is ground or relieved just back

of the cutting edge of the drill. For drilling soft metals, this angle is kept 12° and
for very hard materials, 6 to 9°,
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;) Point angle or included lip angle is usually k 03 : N
) Usually very soft metals are drilled with :maept 118° in standard twist drills.

material with larger point angle, 135°, ller point angle, 90° and harder

(vil) Margin of {zzddlgﬁh:l.narrsw surface along the groove that determines the drill size
3“3 1‘;:’;;61_ of the :I%:'regi;xLiles ]t(he part of a cylinder interrupted by the flutes
an at shank end of the drill i
fan the diameter at point, e drill is 0.01 to 0.05 mm smaller
(vil) Web is the metal column in the drill which separates flutes. The web runs through
the entire length of the drill between the flutes and is the supporting section of the
drill. It gradually increases in thickness towards the shank.
(ix) Helix angle dete(l)'mlnes the rake angle of the cutting edge of the drill. Smaller helix
angles 10 to 13° are used for drilling harder and 35 to 45° for softer materials.

(x) Chisel edge angle is the angle between the chisel edge and the cutting lip. It varies
from 130 to 145°, larger values for smaller drills.

The drill point geometry for various materials is given in Fig. 19.22(c). The web, which
is the central section of the drill, does not produce cutting action, rather it gives an extruding
sction than the cutting action. Heat is generated and power is wasted. For minimizing this
action, either the web of the drill is thinned by grinding or a lead hole is used. A lead hole
s 2 small diameter pilot hole which is drilled first before drilling the hole of required size.
The web is accommodated in the lead hole. Modifications have been done in the drill by
developing split-point drill giving secondary cutting edge which eliminates the web effect at
the cutting edge. Figure 19.22(a) shows the action of a conventional twist drill as it breaks
through the bottom side of the workpiece as compared to the radial-lip grind, the latter gives
a smooth breakthrough and burr-free hole [Fig. .19.22(b)] along with increased drill life.

0 e U

(i) (iii)

s b (©) |
Fig. 10.92 Action of 2 conventi et drill i t (a) whereas that of a radial-lip grind-drill
- 19.22 Action of -a conventional twist dril is shown 2 (a) wherea adial-lif
at-(b), The drill-point geometry of a standard twist drill is shown at (i)(c) and that for
oL drilling soft metals at (if)(c) and for drilling hard metals at (ifi)(c).

s adad ¥l
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Standard twist drills or fluted twist drills are made of cobalt or other high-speed steels
and high carbon steels, the latter being cheaper type. The drill has two main parts: (a) a
cylindrical body with spiral flutes and (b) shank which may be a parallel shank or a taper
shank. Parallel shank drills are of smaller size (up to 13 mm diameter) and those above this
size, have a tapered shank carrying Morse taper. The shank is held in the drill chuck of the
drilling machine. Drills with taper shank have a ‘tang’ at the end of the shank.

= <«— Pulleys
e - y
Motor
Head
®)
T || Drill feed handle
wi%az ol 984 Spindie —1 ! X :
il eaitipn a0l _ /Column or pillar
Drill
Table clainp

Table

I— o " <1—Base

Fig. 19.23 A drill press.

Splined shaft

e
R 4 V-pulley
IR e s 1H /2

_— Slot

Pinion
«— Spindle
(drill machine)

— Collet

D
Spindle 3 :
[_-_] ‘ﬁiu machine) ; | o Dril

L—— Taper bore
(for collet and drill)

(a) (b)
ﬁg. 19.24 A ADvetall_s of a drill press spindle given at (a) and the method of attaching the drill to the drilling
AR macl.une at. (b).'Spm‘dle is a vertical shaft which holds drill. Spindle rotates within a non-
rot:t:jng quill or sleeve and rack teeth are cut on its outer surface. The sleeve is moved up
o %’r" own by a pinion meshing with rack and the pinion can be rotated with a drill feed handle.
. The movement (of sleeve) is imparted to the spindle to give required feed to the drill.

-
-
~———
-
-




tabl 0 touch the wooden block
with the help (gttt:(: vt::f: t?lan(;lrlﬁl HOldlng of straight sank drills in the ::;?—f;:;rl\t fu;the;
(Wh‘Ch is later BUEC . Press spindle in the same way as described S
grill) ijs shown 1n Fig. 19.25. y escribed for taper shank
Taper shank
Body
L Sleeve
Bevel A e AR ng nut
teeth

Jaws, 3 Nos.

Drill

i _ : Fig. 19.256 Use of a self-centring chuck for holding the drill.
Types of drills
i Drills have great variety and sizes. The most commonly used drill is the twist drill (Fig. 19.21,

Fig. 19.22 and Fig. 19.26). Some drills are made from high speed steel or carbon steel while
_ others have inserts of cemented carbides.

—»]| i+ Land or margin

Chissl I
edge

Drill
=" diameter

Web l

Chisel
edge angle

e Depth of body
e Lip length c‘l’earance

G = Fig. 19.26 More details of the twist drill geometry.
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The important types of drills are as follows:

(i) Taper shank drills are general purpose twist drills having a Morse taper on shank.
(i) Straight shank drills have straight shank of the same diameter as the drill body and
are general purpose drills.
(iii) Heavy duty drills are used for drilling tough materials and deep holes and have
heavier webs.
(iv) Straight fluted drills [Fig. 19.27(a)] are used for drilling soft metals such as brass
~ and copper because the twist drills tend to dig into these metal. :
(v) Flat drills [Fig. 19.27(b)] are also used for drilling soft metals. Flat drills make fine
chips instead of long coils as in case of twist drills. When a twist drill of proper size

is not available, a flat drill (forged from carbon steel) may be prepared and used.

< 12

(@)

| (b)
Fig. 19.27 (a) Straight fluted drill and (b) Flut drill.

punching or drilling.
Iti-cut drills perform multi functions, for example, drilling, counter boring and
nter sinking.

d e used for enlarging and correcting the location of already drilled holes
utting edge of the core drills does not extend up to the centre of the drill.
are used for drilling deep holes. The drill has a central hole through

gi_g'visi,forced to cool the cutting edge of the drill.
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6174 Drilling Machine Operations

Operations Peff‘?'med on drilling .ma.chines include (i) Drilling, (ii) Reaming, (iii) Boring,
Counter boring, (v) Counter sinking and (vi) Spot facing.

As mentioned above, drilling is carried out generally with the help of a twist drill.
Reaming is th.e operation of finishing the drilled hole to very close tolerances, up to * 0.05
mm or so. It 1 done with the_help of a reamer [Fig. 6.88(a)]. Boring is the operation of
enlarging the fixameter. or bf)re of a'predrilled -hole using a larger size drill. Counter boring
[Fig. 6.88(b)] 1 enlarging fllal.nete.r of predrilled hole up to only a small depth using a counter
boring tool bit. Counter sinking.is enlarging the top of a predrilled hole in conical shape so
that counter sunk heaq. screws can be fitted without their. heads ‘projecting out of the job
surface. Spot facing -involves-removing of small amount of metal from the top of hole
(usually a raised seat made for placing washer, etc.). Tapping, lapping and grinding are also
done on a drilling machine: -~ < L ;

(iv)

N = o et
Adjustable blade reamer A’djusting ait | ‘ _y @:
|, Reamer | ;' : ] : 7

; Spot face

; _ ‘ Counter’ Counter - Spot .faced
Predrilled hole : bored hole = sunk hole hole -

(a) Reaming l ELYRN Y " (b).

Fig. 6.88 Showing various other operations performed on a drilling rﬁadhine besides drilling. The
operation of reaming is shown at (a) while some of other operations, counter boring, counter

~

sinking and spot facing, are shown at (b).

6.17.2 Types of Drilling Machines

Drilling machines are categorized as below depending on their general constructional features
or the specific types of jobs handled on them. ' |
1. Portable drilling machine [Fig. 6.89(a)] is a handy powdered drilling tool capable
of being easily taken to work sites. It has the capability and flexibility of drilling
holes in odd situations. These are usually available.up to 15 mm drill capacity.
2. Bench or sensitive drilling machine [Fig. 6.89(b)] is a simple but sensitive drilling
machine made for drilling small holes at high speed in light jobs, and has handfeed
for feeding drill in the job during drilling. Machines may be direct motor driven or
belt driven. These machines are used for drilling up to 13 to 16 mm size holes (also

see Fig. 19.24).
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Drill Drill
chuck

On/Off
switch

Fig. 6.89(a) Portable drilling machine..

7//IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII/I/IIII/l[
—z /V-belt
o >
— ’ =—= ] Step cone
: ,
Hand feed ; ,
handle for drill ! P «— Electric
. va ‘ vmotor
Hole depth Belt tension ‘
seftter adjusting
rod Base plate -
Rack :
fitted on spindl
Taper shank (h n spindle)
ﬂoo Drill chuck e Coturmp T '
Lever for :
lifting table

Drill bit Rack
Swivel table —» |
Swivel clamp \ E £ {s
—’H @] Table clamp 7

o pann =
H 1358 it p P

Fig. 6.89(b) Bench or sensitive drilling machine. . . .

Base —»]

rilling
avier

3. Pillal: drill or upright drilling machine [Fig. 6.89(c)] is similar to bench d
machine, except that it is larger in size, robust in design and is used for he
worlf. It has power feed mechanism for feeding the drill (max. 40 mm dia).

4. Radla! drilling machine (Fig. 6.90) is suitable for handling drilling work on large
_work[')leces where it is easy to move the drilling head (or spindle head) of the drill
tmhzccll'n'x;cla: at tl;le appropriate drilling position on the job placed on the large base of
thes ar:1 g ﬁ?:, : :;e;hlé ::isll?:et;] milide:l possible by giving facility for turning the radi ;
are easily drilled on thesegm:::élhix?e:(s).n 8 the radial arm. Holes up o 50 i
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Fig. 6.89(c) Pillar drill or upright pillar drilling machine.

1. Bevel gear drive to spindle, 2. Spindle, 3. Overhead shaft, 4. Back stay, 5. Counter shaft
cone pulleys, 6. Fast and loose pulley, 7. Foot paddle for fast and loose pulley, 8. Base,
9. Table elevating handle, 10. Rack on column, 11. Table elevating clamp handle, 12. Table
clamp, 13. Table, 14. Column, 15. Star wheel for quick power feed for drill and 16. Hand
wheel for sensitive hand feed for drill.

5. Gang drilling machine comprises a number of single-spindle drilling machine
columns placed side by side on a common base and having a common work table.
Four to six spindles may be mounted side by side. This type of machine is used for
production work because series of operations may be performed on the job by
simply shifting the job from one position to another on the work table. Each spindle
is set up with different tools for different operations.

6. Multiple-spindle drilling machine drills a number of holes in a workpiece
simultaneously ensuring reproduction of the same pattern of holes in a number of
identical pieces in mass production. These machines have several spindles driven by
a single motor and all the spindles holding drills are fed into the workpiece
simultaneously.

7. Automatic drilling machines are mass production machines as they perform a
series of machining operations at successive units and transfer the work from one
unit to the other automatically. In addition to drilling, these machines are used for
honing, milling and other similar operations.
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© L— Motor (for lifting radial arm)
Motor (for drilling)
Spindle
Column\ heat
A Feed
Radial am change
adia :
\\> Radial
ol arm
T ,
Radial arm KN Spindle head
clamping levers ~ traversing
spindle * Fine Spindle

reversing.  drill

lever  feed Drill -

Fig. 6.90 A radial drilling machine.

8. Deep hole drilling machines are used for making holes of deeper depth in rifle
barrels, long shafts, etc. These may be horizontal or vertical type. They operate at
high speeds but a low feed and sufficient quantity of lubricant is pumped to the
cutting point to help removal of chips and cooling the cutting edge of drill. The
work is usually rotated while the drill is fed into the work. . .

6.17.3 Size of a Drilling Machine i
The drill machine size is related to the type of machine‘bei‘ng coﬁsidered. For example,
portable drilling machine is specified by the maximum diameter of drill it can handle. Upright

sensitive drilling machine size is given by:the diameter of the largest workpiece that can.be
centred under the spindle, Other features included in specifications or size of a drilling

machine are table diameter, maximum size of drill that can be handled, spindle trave

1, spindle

speeds and feeds, motor capacity, etc, In case of radial drilling machine, diameter of column
and length of arm are also specified besides other particulars as given above.
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/nP;:t—; of an Upright Drilling Machine

517-4 Mal i i facde o iy, »
"t parts of an upright drilling machine are given in the following. Refer Fig. 6.89(c)-
piffe™ Base = (ii) Column

9) Table Lo et (iv) Drill head

?‘3 Spindle (vi) Spindle drive and feed mechanism

Base is the lowest part on which'the vertical column of the drill machine is mounted.

) The base has accurately machined top with T-slots so that large workpieces may be

clamped with the.base using work holding devices capable of being fitted and held
in T-slots of the base. \ L |

“Column is the rigid vertical member of .thc'_machineléhd supports the work table

the head with driving mechanisms. Box section columns are stronger and rigid.
Rack teeth’are cut on the face of the column for vertical movement of the work table
and arm. ' TN j

Table, round or rectangular in shape, is mounted on the column and carries T-slots
for clamping the work on the table. For centring the work below.the spindle (or
drill), the table may-have three types of adjustments: vertical, radial about the
column and circular about-its own axis. Table and arm can be clamped in position

“during the drilling operation. |

Drill head mounted on the top of the column hqusés driving and-feec'iiln'g\ mechanisms
driving motor may be mounted ‘at the rear end of the head for counterbalancing the

weight of the drill spindle. g eifans TYRP
spindle is a vertical shaft which holds and powers the drill: Tt gets its' power (from-
motor) through bevel gears or.cone pulley (Fig.;19.24)..The spindle rotates within
a non-rotating sleeve called quill. Rack teeth are cut on the outer surface of the
sleeve and the sleeve may be moved up and down by rotating pinion to effect the
vertical movements of the spindle. The lower end of the spindle carries the taper
bore to hold the collet and the drill. N kil
Spindle drive and feed mechanism comprise systems for driving spindle at different
speeds and with different feeds. Multiple speed of the spindle are obtained by (a)
step cone pulley drive, (b) step cone pulley drive with back gears:and (c) gearing.
Feed in drilling machine is effected by the vertical movement of the drill into the
work. Feed movement is controlled either by hand or by power. Further, the hand
feed may be quick traverse feed and sensitive hand feed. Quick traverse feed brings
the drill rapidly to the location of hole or for withdrawing the drill at the end of
drilling operation. Automatic power feed is used for drilling larger holes as cutting

pressure required is fairly high.



The holes made by drilling are not often true to their exact size. Reaming is the operation of
sizing, enlarging and ﬁ__r_l_i;_hing the drilled holes to accurate dimensions with the help of a
reamer, which is a rotary ¢utting tool of cylindrical shape.’A reamer is a precision cutting tool
and removes only- very small amount of metal. It has two or more- peripheral grooves (or
flutes). Straight flute reamers have flutes parallel to axis. The spiral or fluted reamers have
right or left hand he}}xand produce better finish in reamed holes due to the smooth shearing
action with spiral c:lit"_t__,ingf__gdges..Spiral flutes prevent chattering and binding in a hole having
a long keyway or slot. The flutes of the reamer perform two acts, (i) cutting action and (ii)
work as grooves for dccommodating the chip removed during reaming (or cutting) the metal.

Reamers are made from high carbon steel; high speed steel or cemented carbide tipped
tool materials. The size of a reamer is measured by the diameter across two margins at the
cutting edge. A reamer has a body, a neck and a shank [Fig. 19.28(a)]. The body has (a) 2
cutting section- (starting-/taper; portion) with:a 90° bevel and (b) a Sizing section which is
cylindrical ai_}d .. a bag};:@pgréd_ section. The starting taper portion (main cutting section) is
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er in hand reamcrs than the machine reamers. The sizing section guides the tool

4 als the h(;l:nlt);,csliiﬁht Cufttmg,_ T.he back-tapeted section reduces friction against the
" el hole and Pre Th “g;’ over-sized holes. Reamers are either hand type of machine
e (Fig- 19.28(2)]- gse may have cylindrical or tapered section depending on the hole to
ype ¢ and M2y have 6 to 16 flutes irregularly spaced along periphery to have better quality

1 long
auch o SIZES

A of I& ’
s of reamers: Reamers can be classified into the following categories.

() Hand reamers [Fig. 19.28(a)] are ground straight on the whole length but tapered at
the end to facilitate entry of the reamer into a hole. The shank end is machined square
0 receive the wrench with which the reamer is rotated (or operated). During working,
the reamer should be started true and kept straight in the hole. The hand reamers may

be solid type, adjustable type or expandable type (having limited expansion).
(ii) Machine reamers have a 45° chamfer at the cutting edge [Fig. 19.28(a)] and are
employed on screw cutting machines or turret lathes. Machine reamers are either
- straight shank or tapered shank and have narrower lands and backed off (longitudinal
relief) in whole length. Shell reamers, solid type or having inserted carbide blades
L [Fig. 19-28(c)], are examples of machine reamers. Different types of machine

P reamers, also known as chucking reamers, are shown in Fig. 19.28(b).

; (i) Adjustable reamers have separate blades mounted on the grooves in the reamer

body and these can be moved up and down to increase or decrease the effective

cutting diameter of the reamer. These are both hand reamers and machine reamers.
d bore and slitted to permit

¢ \";. (iv) Expansion reamers have their body with a tapere
1 slight expansion. A taper plug, which runs through the hole, works like an expander.

(v) Shell reamers are used with the machine arbor or a mandrill with driving pins or

lugs for use on the machine. These may be solid sheli type or with inserted carbide

blades [Fig. 19.28(c)].
(vi) Taper reamers are avai
used for tapered holes and pro
. _reamer and taper finishing reamer

]

hine reamers and are

lable both as hand reamers and mac
ughing

duction of taper sleeves and sockets. Taper ro
are shown in Fig. 19.28(d).

Chamfer

‘ Back taper
Starting —»ie—>¢ Sizing —»¢ ¥ +— Shank—-———>|
taper section
g (1) 34 ﬁ_-_.._---Body : »lt—g->
: it i t———-Nack

() Hand reamer

(1) Machine reamer

HGs (a)
Fig. 19.28 (Contd.)...
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C =

Straight shank chucking reamer

Taper shank chucking reamer

g g

Adjustable chucking reamer

(b)

i

e e 1 IR
SR
(i) Solid shell type (ii) Inserted cal;'bide blade type

machine reamer v shell machine reamer

(e

Taper finishing reamer

: (d)
Fig. 19.28 Different types of reamers.
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1. Tool-work Thermo-couple :

- This is the . . '
n the cutting zone, most common and simpler technique for measuring

emperature i
,the eem.f. generated b :
} ;:,::; e takengas et e uer:\;_e:vtel: gl:?:;;vork interface (hot junction) and their cold ends
: oyl : perature in the cutting zone. The e.m.

is meaSUfedchgI;t; :l}:;"l‘:;tmetder. Fig. 6.15: shows schematically a tgypical layostncl)ff} t%i:;-e\:/act;i
thcrmoc:)jup e eTrenth an th'e too.l should be insulated from the machine tool. There should
be a 80O co:zth : (;! fc two juncllt')ns and the measuring instrument. For this.a co ?il'l k
is mqu{‘“’d a : f’ dee.:;n of the lathe spindle. The edge of the disk dips in a cup of mcrftl: i Tl;

circuit 1; coer:s r:t:d \:/lill (r;::ercuay and the tailend of the tool through a millivoltmetl::r The mary.irud:
of em.l. 8 pend upon 'the temperature difference between hot and cold jungcr:ions

and the nature of tool and workpire. The measure i i i
wl rafionscurde, d e.m.f. is converted into temperature with the

Cu-disk
Spindl

s A7

o 2
\/// / 07?/ Tool

insulated
from Machine Tool

Work-piece

f

r

'// /// . Insulation
7

g Milli-Voltmeter
—)

Fig. 6.15. Tool-Work Thermo-couple.

Milli
voltmeter

The calibration is done with the help
of a standerd thermo-couple, Fig. 6.16. A chip
and a piece of tool material are heated in an
oven or lead bath at known temperatures. The
resulting thermal e.m.f. E, is measured. A
standard thermo-comple (chromel-alumel) E,
records the bath temperature at which the
;mf E,, is measured. If the plot of E, versus
e

, ysteresis),
the calibration is satisfactory. Fig. 6.16. Tool-Work Thermo-couple Calibration.

2. Embedded Thermo-couples :

th en he
e;ot:mperat“fe distribution on the rake face 0

- This technique has been successfully used for determining
f a cutting tool. But, the method involves considerable

ion from the cutting zone is monitored
method involves taking
nown temperatures. The
workpice) are compared

e, the infrared radiat
d in terms of temperature. The
ne and also of strips of k
zone (tool, chip,

With : ] R.ad.iﬂtion Pyrometers :- Her
photo radiation pyrometer and interprete
intens?tr'aphs of the side face of the cutting Z0 .

ies of radiation at different points in the cutting
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with strips of known temperatures. This will give temperature distubution on the tool, chj, ang |
workpice, Fig. 6.17. The technique has been exetensively used by Boothryod. The drawback is thy |
it indicates only the surface temperatures. Also, the accaracy of the results depends upop the |
emissivity of the surfaces, which is very difficult to determine accurately. !

Chlp \\
J
|
|

700
690 7207

680
(%)
"
W “\\
(B
ks
]
Pty
660 t ! :;11
EETEL :
50 P!l ool |
T |
R/ I’ r ,’Il’ !
” ¥ ’I, ,Il,’ ‘\
‘ 7"
t = 0.061 mm 630 i AW L ‘
‘-'-.-..- ’f ” l,’ ”,
N ’1’/
620 \\\\‘~__,_’

Temperature °C
Workplece

Fig. 6.17. Temperature Distrubution in Cutting Zone.

4. Temperature sensitive Paints :- These paints change colour at rather critical temperatures,
The technique is useful for determining overall temperature distribution.

5. Indirect Calorimetric techniques :- Here, the heat distubution between tool, work and
chip can be messured for comparison with analysis.

6.8. TOOL WEAR AND TOOL LIFE

During any machining process, the tool is subjected to three distinct factors : forces,
temperature and sliding action due to relative motion between tool and the workpiece. Due to these
factors, the cutting tool will start giving unsatisfactory performance after some time. The
unsatisfactory performance may involve : loss of dimensional accuracy, increased surface roughness,
and increased power requirements etc. The unsatisfactory performance results from tool wear due
to its continued use. When the tool wears out, it is either replaced or .reconditioned, usually by
grinding. This will result in loss of productjon due to
machine downtime, in addition to the cost of replacing  Chip
or reconditioning the tool. Thus, the study of tool wear
is very important from the stand point of performance ~ Crater
and economics. Due to a large number of factors over Wear
which the tool wear depend:_; (hardness and type of
tool material, type and condition of workpiece,

dimensions of cut, i.e., feed and depth of cut, tool Work

geometry, tool temperature, which, in tumn, is a function Plece Iorg

of cutting speed, surface finish of too! temperature and * T N Flank
cutting fluid), the majority of studies in tool wear are Wear
based on experimental observations, since the Fig. 6,18. Tool Wear.

analyﬁcal study will be very difficult.
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ar or tool failure may be classified as follows: ﬁ

wear.

ter wear on tool face

alized wear such as the rounding of the cutting edge, and
pping off of the cutting edge.

and crater wear are shown in Fig, 6.1%. Flank wear is attributed usually 1o the

jon by hard particles and inclusions in the workpiece,
ring of the micro welds between tool and work-material,

asion by fragments of built-up edge blow- ing against the clearance face of the 100,
wear usually occurs due to :

vere abrasion between the chip and tool face,

peratures in the tool-chip interface reach- ing the softening or melting temperature
alting in increased rate of wear, The sharp increase in wear rate after the interface
reaches a certain temperature is attributed to ‘diffusion’, diffusion is the movement of
1 tool and chip materials resulting in loss of material from the face of the tool. It
workpiece materials, in addition to temperature. So, unless these conditions are
- wear due to diffusion may be absent.

- wear 1S more common in cutting ductile materials, which produce continuous chips.

ommon in HSS (high speed steel) tools than ceramic or carbide tools, which have
hardness.

s for ‘Nose wear’ may be one or more of the reasons discussed above. Chipping
occur due to the following factors :

»ol material is too brittle.
 result of crack that is already in the tool,
essive static or shock loading of the tool.
esign of the tool, such as a high positive rake angle.

Life. The total cutting time accumulated before tool failure occurs, 18 termed as
here is no exact or simple definition of tool life. However, in general, the ool life can
 tool’s useful life which has been expended when it can no longer produce satisfactory
0 most commonly used criteria for measuring the tool life are :

| destruction of the tool when it ceases to cut.

‘size of wear land on tool flank. On carbide and ceramic tools, where crater wear
tool life is taken as corresponding 1o 0.038 or 0.076 mm of wear land on the flank

sed above, tool wear and hence tool life depends on many factors, The greatest
. l‘fe is with the cutting speed and tool temperature which is closely related 10
fool temperature is seldom measured and much study has been done on the effect of
0 tool life. Tool life decreases with increased V, the decrease being parabolic. To
ves, the cutting tools are operated to failure at different cutting speeds. In 1907,
following relationship between cutting speed and tool life,

speed ), T is the time (min) for the flank wear 1o reach a certain dimension,
C is constant and » is an exponent which depends upon the cutting conditions. 1f
ed. ",':;.,-,.r". fe curves are plotted on a log-log graph, straight lines are obtained, (Fig. 6.19),
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Noly,
n s the negative inverse slope of the curve and C is the intercept velocity at T=m

; ; .. ; . res
ql vnlu‘l only for the particular test conditions employed. Thus ‘C is the cutting speed for |001u l?sare
v 1 min, ’ life
J £
60 :
c 2 n
E 5
& ! 3 )
230 2
= d o
(o] (=]
= - -
0 1 1a bl c, .
; 0 60120 180 240 300 Tog Culling Spesd
‘ 1 o8t Cutting Speedmpm - | =
| (8) J (b)

Fig. 6.19. Cutting Speed—Tool Life Curves.
The following values may be taken for ‘n’ ;
n = 0.1 to 0.15.for HSS tools
= 0.2 to 0.4 for carbide tools
H e e =104 10 0.6 for ceramic tools

The tool life also depends to a great extent on the depth of cut d and feed rate per revolution, |
~ /. Assuming a logarithmic variation of C with d, the equation (6.1) can be written as,

i | VI . d"=C (6]
It has been seen that decrease of life with increased speed is twice as great (exponentially) as

\

. the decrease of life with increased feed. '
. """ Considering feed rate also, the general equation can be :

P, e | . (63)
g 6.8.2. Variables Affecting Tool Life. Tool life is primarily affected by a high temperature in
* thin surface layers subject to wear. The variables affecting cutting temperature will also affect tool
" life, These variables are: workpiece material, tool material, cutting variables, tool geometry and
cutting fluids. The effects of these-variables on cutting temperature has already been discussed
under Art. 6.7.1.

6.9. MACHINEABILITY i s

In spite of efforts by a number of investigators, so far there has been no exact quantitatiye
definition of machineability. This is because of a large number of variables involved and their
complexity. However, the major factors involved in metal cutting are : forces and power absorbed,
tool wear and tool life, surface finish, dimensional accuracy and machining cost. These factors
depend upon a large number of variables, such as properties of work materials, tool geometry,
cutting conditions, machine tool rigidity etc. Due to this, it is impossible to combine these factors,
g‘ 3 so as to give a suitable definition for machineability, Many authors give a qualitative measure of
machineability of a material as : R
(1) the ease with which it could be machined,
(2) the life of tool before tool failure or resharpening,
(3) the quality of the machined surface, and |
(4) the power consumption per unit volume of material removed. .

However, in production, tool life is generally considered the most important factor and, 50;

most of the investigators have related machineability with tool life. Higher the tool life, the b‘?tf

- is the machineability of a work material. The various materials have been given machincab’l_'cy
' ratings, which are relative. Supposing a material is given the rating of 100. Those materials wh
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Process ’ -
s ' i achineability
- machineability will have higher ratings and those materials with lower m _
better
:::: z Jlower one.

According to one investigator, the machineability may be evaluated as given below :
1. Long tool life at a given cutting speed. .

2. Lower power consumption per unit volume c.af metal removed.

3: Maximum metal removal per tool resharpening.

4. High quality of surface finish.

5. Good and uniform dimensional accuracy of successive parts.
6. Easily disposable chips.

_ Cutting speed of material for 20 min. tool life
Machineability index, % =

x100
Cutting speed of free cutting steel for 20 min. tool life
The machineability indexes for some

common materials are given below :
C - 20 steel =65
C - 45 steel =60
Stainless stee] = 25
Table 6.3
Problems Remedies and Satuters
o -] e
vo |28 | o oS | 25| 55 2
HAFAE N ECAE-x E2 A1 g
Sorlaw [ 8 |83 82 |g°|=8, =5 SEE| =gk
3.2 | 0.€ 3 ol | 3= | Sc O S5y | 8=" oS g
S5 |28 | 88| 55|55 | B 82| SR | 853 85k
©5 |53 | 28| 22|28 =3 [225| 335 | QES SRS
Flank Wea; v v
Notch wear v
J‘V —
Cratering v ve v v
| Plastic v v / v [ RE
i Deformation
| o ————— —
I Bmlt-up "_'-—-———-____.
| edge (BUE) v - v
‘ Small cracks : '_"—"‘—-—-—-—-——_‘——_____
‘ non:nal to the v
Cutting edge ] §
Small cutting edge ' . '_“"*'—--'——-—_._—-*______\*____‘
aCture (frittering) : v v v
Curling of -4-—-..-____.______ - Vv
| Long Chips v
B . \.—; dx V
| Vibrations v , ""‘-'-—-.4--_._~_
'_—-_.~ ________._-— V \
_'—-_~ - V
-‘\\‘——




Numerical of Compound Indexing

Indexing 141 divisions.

The first step in compound indexing is to factorise the number into suitable hole circle
available in a single plate.
141 =47x 3
This can be achieved by using plate 3 with
47 hole circle, and
39 hole circle.
This means that 47 and 39 are the hole circle that have been identified for this indexing.
The next step is to find the exact indexing required.
40 n, n,
N N,TN, - BROWN AND SHARP INDEX
40 n . n PLATE:

— el 4

141 39 — 47 + Plate no 1: 15.16,17.18.19,20.

1 1
+ Plate no 2: 21,23,27,29,31,33.

+ Plate no 3: 37,39.41,43,47 49.

MECHANICAL EVGINEERINVG



Numerical of Compound Indexing

n n 40
Halz 20
:t47

39 141
1833 X 40
47n, +39n, = —aa

47n, £ 39n, =520

By trail and error method ,we get n,
and n,

n;=26 and n,= 18
47x26 —39x 18 =520

Hence, the indexing required is 26
holes in the 39-hole circle subtracted
by 18 holes in the 47-hole circle to get
141 divisions.

Method 2

Factors of divisions required x factors of difference of hole circles

Factors of 40 x factors of first circle x factors of second circle

141 (47=39)  _  47+3+4:2 2

40 +39:47 4+10+13+3+47  10+13

al=

nom_ 40 6565 _ 40 304= (283
39 47 141 39 47 141

H B, S 819 0283=0.283
39 47 141 39 47 141

MECHANMCAL EVGINEERING



Numerical of Compound Indexing

Indexing 77 divisions.

The first step in compound indexing is to factorise the number into suitable hole circle
available in a single plate.

77=11x7

This can be achieved by using plate 2 with
33 hole circle, and
21 hole circle.

This means that 33 and 21 are the hole circle that have been identified for this indexing.
The next step is to find the exact indexing required.

40 n n
N ;f i;ﬁ « BROWN AND SHARP INDEX
0 _noom PLATE:
77 21733 « Plate no 1: 15,16,17,18,19,20.
« Plate no 2: 21,23,27,29,31,33.

« Plate no 3: 37,39,41,43,47 49.

MECHANMCAL EVANEERIVG



Numerical of Compound Indexing

40 Method 2
n, , n
E: - ;g = Factors of divisions required x factors of difference of hole circles
693 X 40 Factors of 40 x factors of first circle x factors of second circle
33 n. i 21 n: - .7_7
77+(33=21)  _ _ 11:7+4+3 _ 1 _1
33 n, £ 21 n, =360 40 +33-21 4410 +11+3+7+3 10-3 30
By trail and error method ,we get n; and n, n ,n _40 30,30 _40 233= 051
n=9 and n,=3 21 33 77 21 33 77
= h.hal N B8 051=051
33x9+21x3=360 21 33 77 21 33 77
9 3 40
21 33 77 30 30 _ 40
Hence, the indexing required is 9 holes in g% A8
the 21-hole circle added to 3 holes in the > 35 s
31 hole circle to get 77 divisions. ToE T it 11




Differential Indexing

Occasionally it is possible to come across a situation in which the desired number of
divisions on the work piece cannot be obtained by simple indexing using the index plates
available with the machine. Such jobs can be done by differential indexing.

N




Differential Indexing

In differential indexing, the index plate is made
free to rotate.(For differential indexing the lock of
the index plate is withdrawn so that the index plate
is free to rotate)

A gear is connected to the back end of the dividing
head spindle, while another gear mounted on a
shaft of the index plate through bevel gear.

When index crank is rotated, the motion is
communicated to the work piece spindle.

Since the work piece spindle is connected to the
index plate through the intermediates gearing as
explained above, the index plate will also start to
rotating.

Simple
Gear Train

Spindle

Worm Wheel

L
I
|
|

i

Work Piece

Index plate

ndex crank




Differential Indexing

Worm Wheel
1
Spindle 1
When the index crank is rotated to Index the W.P through a :
given angle the index plate slowly rotates either in the same Work Piece
direction or in opposite direction depending upon the gearing
used. S -

Index plate

ndex crank

The indexing is done in the same way as in simple indexing but the rotation of the
index plate relative to the index crank slightly changes the location of the hole to
which the index crank pin is moving.

The movement of the index plate required for the differential indexing and the @

gears in the gear train from the spindle to plate shaft to obtain this movement can

be calculated, B
MECHANICAL EVGINEERING




Differential Indexing

If the chosen indexing is less than the required one then the index plate will have to be
moved in the same direction as the movement of the crank to add the additional motion.

If the chosen indexing is more then the plate should move in the opposite direction to
subtract the additional motion.

The direction of the movement of the index plate depends upon the gear train employed.

If an idle gear is added between the spindle gear and the shaft gear in case of simple gear
train then the index plate will move in the same direction to that of the indexing crank
movement.

In the case of compound gear train, an idler is to be used in the case when the index plate is
to move in the opposite direction.

The procedure of calculation is explained with the following example.

The change gear set available is

20,24,28,32,40,44,48,56,64,72,86,and 100 @




Differential Indexing

Hence
N= Division to Required
n= Division assume or decided

Number of teeth on spindle gear _ 40(n-N)
Number of teeth on gear on plate shaft n
40(nn-NN)
If n>N which is indicated by a positive sign in the gear train -
And the plate rotation should be in a direction opposite to that of index

crack.

If n<N which is indicated by a negative sign in the gear train S

n




Numerical of Differential Indexing

Obtain the indexing for 97 divisions.

Required indexing is 40/97 which cannot be obtained with any of the index plates
available. choose a nearest possible division.
2_ 8

. . g . 40
For example, the indexing decided is Tl

The actual indexing decided is 8 hole in a 20 hole circle. This indexing will be less
than required. Ideally, the work piece should complete one revolution when the crank
is moved through the 97 turns at the above identified indexing. Actual motion
generated when the crank is moved 97 turns is

_ 40(n-N) _40X3

100 100

Hence index plate has to move forward by this amount during the 97 tums, to
compensate for this smaller indexing being done by indexing crank. Hence, :E:

ratio between the spindle and the index crank is
_40X3 120 6

100 180 5 MECHASICAL ENQINEERIVG



Numerical of Differential Indexing

_40X3 1206

100 100 5

Driven _ 6 _ 24 _ 48

Change gear set used is ey = 3 =30 =30

An idler gear is to be used since the index plate has to move in the same direction.

The change gear set available is
20,24,28,32,40.44.48,56.64,72,86,and 100




Numerical of Differential Indexing

Obtain the indexing for 209 divisions.
Required indexing is 40/209 which cannot be obtained with any of the index plates
available. choose a nearest possible division.

: . : . 40 _ 4 _ 40 _
For example, the indexing decided is S0 20 0.2 ——t 0.1913

The actual indexing decided is 4 hole in a 20 hole circle. This indexing will be more than
required. Ideally, the work piece should complete one revolution when the crank is moved
through the 209 turns at the above identified indexing. Actual motion generated when the
crank is moved 209 turns is

_ 40(n=N) _ 40 X (200-209) _ 40 X (=9)

n 200 T 200

Hence index plate has to move Reverse by this amount during the 209 turns to compensate
for this larger indexing being done by indexing crank. Hence, the gear ratio between the
spindle and the index crank is

_40X9 L
20(

MECHANMCAL EVAINEERIVG




Numerical of Differential Indexing

_40X9 _
200

wn | QO

. Driven 72
Change gear set used is —— = —
Driver 40

[

The change gear set available is
20,24.28,32,40,44,48,56,64.72,86,and 100
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624 SLOTTER

A slotter is mainly used for internal machining of blind' holes or vertical machining of
complicated shapes which are difficult to be produced on horizontal shaper. Jobs such as
keyway cutting, machining of square holes, cutting of internal or external teeth on bigger
gears and machining of dies, straight or curved slots are taken up on this machine. The salient
features of the slotter are shown in Fig. 6.161. As regards its working principle, it is similar
to shaper with the difference that the ram of the slotter reciprocates in vertical position and
cuts in its downward strokes only. The job is supported on a swivel table which has a rotary
feature in addition to the usual table movements in cross directions. Indexed machining of
JOPS like gears or splines is easily performed on this machine. Slotter ram may be crank
driven or hydraulically' driven. Stroke length of the slotter may be up to 900 mm.

w7 Slotter tools are of rigid shank and are different from those of the single-point tools. Slotter
tools cut parallel to their shank and so their shape is modified accordingly. They have no side rake.

6-24.1 *Main Parts of a Slotter ‘

- Main partsof a:_‘slc')tting machine are shown in Fig. 6.161. These are described in the following:
t iron constructi_on and supports other parts of the siottin ‘

am and its driving mechanism, table, etc. The top of thg

vide guide ways for mounting of the '
dicular to the column face. saddle. The

. l;. Base or bed is a heavy cas
“il5., -machine, such as column, 1
+ 11, base. is accurately finished to pro
cross slide guide ways are perpen

r N



8 MANUFACTURING PROCESSES

Crank disc
Counter balance weight
Ram —»{ | W
g]
Bull gear
___________ / g
Guideways—¥| | | occcee==----
, ==l
Cone pulley

s[5t TN =

Tool - Column

3
Table — /1 2 '
- Cross slide , Yot Feed shaft
, , v
Feed . ( Pawl
eed gear —__ ,
k
Feed gear —__ | < A ’e Crarl
5 7l 5%
§ ” o dnj '
B L ISt Ratchet wheel
ase ——» (_
\ :

Fig. 6.161 Main features of a slotting machine: 1. Cross feed handle, 2. Longitudinal feed handle,
3. Table circular feed handle. : ,

2 Column is the vertical structure cast integral with the base. It houses the mechanism

~ for driving ram and feeding mechanism. The front vertical face of the column

., carries guide ways for ram to reciprocate upon. | :

...3. Saddle mounted upon guide ways (not shown in Fig. 6.161) can be moved towards
or away from the column. The saddle carries guide ways for cross slide. It has

.manual or power feed. ' _ :

o ijgss slide is mounted upon guide ways made at the top of the saddle and can be
{nqud.para!lel to the front face of the column. It has manual or 'power feed.

.- 5. Table is a circular rotary table mounted on the top of the cross slide. A circular feed

.+ -+:. handle for the table is provided. Rotation of table is effected by hand or by power.
;he table carries T-slots to help mounting of jobs on the table.

‘ fr::: ?;: t(())t?ltl:lead; They reciprocate up and down on the guide ways made on the

i ams ¢ column. The ram carries a tool head at its bottom end. In some

s Aa? Ines, special tool head is provided to relieve the tool during its return stroke.
d slotter removes metal during its downward cutting stroke only and no metal is cut

© . duringits return or upward stroke. A quick return mechanism given with the machine
enables the return or idle stroke to be completed faster than the cutting stroke-.
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2.2 quick Return Mechanism for Ram
6' .

The comm
(a) Whitworth quick return mechanism
(b) Slotted disc mechanism
(c) Slotted link and gear mechanism
(d) Hydraulic mechanism
() Variable speed r'qversible motor drive mechanism

on types of driving mechanisms for the ram are ag follows:

{. Whitworth quick return mechanism is widely
used on medium-sized slotters. The mechanism is '
shown in Fig. 6.162 wherein A and B are fixed centres
of bull gear (7) and driving plate (8), respectively.
The crank pin and slide block (4) rotate in a circular
path at a constant speed, rotating in turn the plate (8)
about B. The system has the arrangement such that
when plate (8) rotates about fixed point (B), the pin-
(3) also rotates'in a circular path about the point (B)
resulting into upward or downward movement of ram
(1. |

Stroke length of the ram is equal to twice the
distance between pin (3) and centre B, which can be
varied. When the block (4) is at position C, the ram (1)
will be at the maximum upward position of the stroke
and when the block (4) is at position D, the ram (1) Fig. 6.162 Line diagram of
will be at its maximum downward position of the Whitworth quick return mechanism.
stroke. When the bull gear (7) rotates in anticlockwise
direction, the block (4) rotates through an angle CAD ,
and thus the downward cutting stroke is performed. And when the block (4) r_otates further
anticlockwise beyond point D and through an-angle .DA(;* thehretur;l ngll()e 18 completed.
Since the block (4) rotates at a constant speed, its tumn'ni t I;Olrls l::goi : w11.l take more
time than turning through the angle DAC. Hence, quic r; ule e d‘v‘od ;a;n 1s obtained.
Cutting time and return time are related by the expression, angie &AL divided by angle DAC.

» be varied by altering the ;?osmon of pin (3) with respect

Stroke length of the ram can ¢ the ram may be adjusted by releasing the stroke

to the centre B, Position of stroke © by aliering the position of connecting rod clampine
adjustment lever (Fig. 6.163) and then );‘ he ram, The weight of the ram is counterbal'u‘: 3
bolt within the slot provided in tl;(e :;’?l{e"m‘m‘ nee
by a weight attached to the bac i1 Fig, 6.163. A T-slot is cut in the disc throy
2, Slotted disc mechanism is shm‘if;it‘i‘omq ;0 vary the stroke length,
crank pin can be set at different po!

gh which
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_- i 4 }jyd_:jau,lic mechanism used on slotters is similar to the 0
: 5. Variable speed reversible motor drive mechanism is used on large sl

already been described with planer.

Stroke ] Connecting rod
adjustment '
lever i Gg:r Fiywheel
: Disc N
' pr——
1K
Ram ———» E
]
I An=las = as
et ]
slot { ’i ;‘_ |_T-slot
| b
:__ Crank pin -

Tool ~ Pinion

Fig. 6.163 Slotted disc mechanism for driving slotter ram.

3. Slotted link and gear mechanism is shown in Fig. 6.164. It is used for heavier slotting
machines. Rotation of the rear driving wheel results in the sliding of die up and down in the
slot of bell crank lever. This makes the lever swing about its fulcrum.. With the result, the
connecting rod (and hence the ram) is alternatively pushed up and pulled down. This enables
the reciprocating motion of the ram.
\ Fulcrum " Counter weight
Q) N 13 :

o
[

27372

Connecting rod |

Rear driving
- wheel

Bell crank
lever

o Fulcrum
Fig. 6.164 Slotted link drive.

with shaper:

ne described
] otters. It has
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e
6.24.3 Operations on a Slotter

The operations performed on a slotter are given bel
ow:

(i) Production of flat surfaces
(ii) Machining cylindrical surfaces
(iii) Machining irregular surface '
. : s such as cam
(lsv) Cutting of slots, keyways, grooves, internal gear teeth
o g 5 ; ar teeth, etc.
of the sjotter operations are illustrated in Fig. 6.165 : th' |
Fig. 6. o Fig. 6.168.

of a locomotive driving box on

. a slotter. Th -
to be machined. The circular portion is eedotted e
table of the slotter. | generated by

Fig. 6.165  Forming the semi-circular portion
shows the size to W
applying power feed to

hich the job is
the rotary

Marking

Job

(b)

he blank of a connecting rod
' () A connecti
ng rod in which

st an opening from!
{0 be cut out bY slotting, (b) The job has been set on the s|
@ slotter table

four cor

B - Cutting ning 1

.-{,; , a3 square ope ing (markin

. L5 ayout Of open 0 of the openin

5 aapipd o with propef lay ners of the opening to help starting “?Btgut:e cut). Note the four holes

. driled 2!
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\ Tool

(-

L

(b) Slotting in progress
ovetail slots on a slotter.

(a) Job
. Fig. 6.167 Machining indexed external d

Dial gauge

9

Rotary table

]

Fig. 6.168 Checking the ¢
gauge. The set-

cutter.

6.24.4 Feed Mechanism

Like a shaper or a planer, the feed movement of
the table in a slotter is also intermittent and is
supplied at the beginning of cutting stroke. Table
feed can be given by hand or by power. A typical
power feed mechanism is illustrated in Fig. 6.169
wherein a depressed cam groove (1) is cut on the
face of a bull gear (not shown) such that when
the bull gear rotates, a roller (2) moves up and
down following the contour of the cam groove
but only for a small part of revolution of the bull
gear. The cam groove is so cut that movement of
lever (3) takes place only at the beginning of
cutting stroke. The rocking movement of lever
(3) is transmitted: to ratchet and pawl mechanism.

The ratchet wheel i _1s mounted on the feed shaft (4)

of the table.’

Feed adjustment pin

Gear blank

oncentricity of the gear blank (with rotary table of the slotter) usung a dial
up is being prepared for cutting internal teeth in the gear blank with a form

Cam groove (1)

2
Lever (3) Roller (2)

Connecting rod

Pawl lever

(4)

Fig. 6.169 Power feed
mechanism of a slotter.
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s of Slotters

524'5 TyPe . df ; : o,
! puncher slotter is used for removing hea.vy stock of metal and is of rigid and heavy
(s construction. It is used for machining forgings, stamped parts and other rough-shaped
castings: ; ‘
duction slotter is used for general machining works.

General pro i
«ion tool room slotter is primarily used for tool rooms for precision slotting *
0 Precisio P g

works. : '
@ Key seater is exclusively used for cutting keyways in wheels and gears.

6.24.6 slotting Tools
obust in construction and is generally forged type. The slotting tool differs

m a shaper OF planer tool because a slotting tool cuts metal during its vertical cutting
ﬁ;oke Figure 6.170 shows typical slotting tools with tool angles. Note that a slotting tool has
:op rake, front clearance, side clearance and no side rake. To provide clearance, the nose of

the tool projects jittle beyond the tool shank.

A slotting tool is T

e

] il Gl
Clearance 5°

Fig. 6.170 Slotter tool angles. y-top rake angle, o—front clearance éngle.

Rake (10°-12°)

6247 Cutting Speed, Feed and Depth of Cut

?“t,t“‘g ?Peed is the rate with which metal is removed during downward cutting stroke and
. 'sgiven in m/min,

: Eeed is the movement of the workpiece per
- “ﬂmachgpth of cut is the perpendicular distance measured between m
- Ined surface and is given in mm.

\ .
double stroke and is expressed in mm.
achined surface and

525 BORING MACHINE

Boring is

punchsdlirthe P"OCCS.S of enlarging (by machining) holes th
, 'iﬁjpmscored during casting. Boring corrects the location,
1 Fig, a good finish to the hole surface. The operation of boring i

: " 601 H

* Peifdrrz]l;)w.'th.Pfoper tooling and adjustment of job supporting devi
Oring'of 11 Perations such as drilling, boring, reaming, facing, turning,
T8¢ cylinders of engines, pumps and compressors is the most ¢

at may be previously drilled,
alignment and size of the hole
s schematically shown
ces, a boring machine
milling, and forming.
ommon operation
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done on a boring machine. The boring tool is held in a boring bar (Fig. 6.171). When
cutting tool is a milling cutter type, it is mounted directly on the machine spindle.

End support o it I/F’mnn wayl
/ column /

Head stock

N
W

g

g

%,
),

Boring bar

RIS

5

Table

B

~~

[ ,: ' . e«— Saddle

Fig. 6.171 Showing the use'of a table type horizontal boring machine.

Types of boring machines include horizontal boring mill (Fig. 6.172), vertical boring:
mill (Fig. 6.173) and jig boring machines. In a horizontal boring machine (Fig. 6.172), thes
workpiece is mounted on a table that can move horizontally in both axial and radial directio is.
The cutting tool is mounted on the spindle which projects out of the head stock of the
machine. The spindle gets power from the motor and gear system housed in the head sto
The spindle can easily carry drill, reamer, tap and milling cutter. A vertical boring mill (Fig=
6.173) is similar to a lathe but has vertical axis of workpiece rotation. Jig borers are vertical
boring machines with high precision bearings and are used in tool rooms for making jigs and
fixtures and for other precision works. - § Qo gl :

e ndla i Column— “ S
.__End support ALt ks L ; - H¥—Column
i o i column L  Spindle % 0\ Ways
) i ‘ ‘ ’ i bl
& 1 Head stock =
; .:If \2‘ X
Table Pl kl— Head stock
\ 3 2 = elevating screw
B R
; =) J A
50 A | | Base
7 (00w ylaa Ak hi o G 2
S S
ERIEL il » Saddle

Bed

PRI ¢ e e a o s vy . : 4
. F19..8.172, Horizontal boring mill. Note the movement of various components of the machine. The head §
notioyiog m ock contains spindle, spindle drive and feed gearing, and other mechanisms including |

erhb;"dril!ing" and milling head. Boring mill may have more than one spindle.
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Cross-ralil

Tool head

Tool

Workpiece

Work table

T-slots
in table

Bed Column

Fig. 6.173 Vertical boring mill.

626 BROACHING MACHINE

Broaching is the method of removing extra metal from the external or internal surfaces of
a workpiece by using an elongated tool having a series of multiple cutting teeth positioned
in tandom (Fig. 6.174 and Fig. 6.175) wherein each successive tooth is slightly higher than
its predecessor-such that each tooth takes a cut . when the broach is reciprocated past the
workpiece. Sometimes machining on a workpiece may be completed in a single stroke of the
broaching machine because of the typical features of the broaching tools. The amount of
metal removed is a function of tooth depth and number of teeth in the broach. The block

diagram of a vertical broaching machine is shown in Fig. 6.176.

Chip gullet Rake or
; k I,w Back off or
hook angle Pitch- Land clearance
f angle
Tooth § ’
depth y
. ’ Root radius
Workpiece ‘ i
(i)

Tt Botog o , (i) »
Flg -6'1.7.4A.The_cutting action of a broach and its features are shown at (i) whereas the terminology
~..0f a broach is given at (ii).
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i Rear
i-finish | Finishing Rgar
i er‘dSh kant pilot R?:gmng "Ser'r;eth teeth | pilot | support N
i an »1e >le »re P
Broach length N
(i) Internal broach (pull type)
Front pilot Roughing teeth Semi-finish teeth | Finishing teeth 1 Rear pilot .
(ii) Internal broach (push type)

Fig. 6.175 lllustrating the two types of broaches: (i) Pull type and (ii) Push type.

-

Broaching —4—Ram

tool

| Column - -

' Job
Table :
<>
S

Base

’ Fiy. 5.175 Block diagram of a vertical broaching machine. The broaching tool is mounted on a reciprocating
ram. The table can be moved inwards or outwards and rotated in all the directions to help

|
j cutting slots in circular jobs.

6.26.1 ' A Broach

A broach is an elongated tool provided with a series of multiple teeth. Few of the teeth are
meant for rough cutting and others for finishing. When a broach is pulled or pushed through
a workpiece, each tooth takes its own cut. Roughing and finishing operations are thus completed
in a single stroke of the broach. The pull and push type broaches are shown in Fig. 6.175,
whereas the cutting action of a broach is shown in Fig, 6.174. A broach may be made from

high carbo,n steel or high speed steel,




METAL MACHINING—Processes and Machine Tools 497

262 Broaching Operations '
6.20- |

. of square, rectangular and.polygon holes, splines, keyways, serrations in a hole,
Machlnmgar and special odd profiles in the hole are some of the well-known applications of
intcrna! eOther applications include finishing of spiral splines in gun barrels, involute splines,
broa(':hlng-f Jlots on the gas turbine rotor, washing machine components and other numerous
§hapﬂ;gigure 6.177 shows a few of many applications commonly encountered in broaching
Jiﬁ?:r'nal and external shapes.

®@e0
DOQ <= a
00 (MNH

Intemal broaching External broaching

Fig. 6.177 Few examples of surfaces generated on a broaching machine.

6.26.3 Advantages of Broaching

Broaching is sometimes considered advantageous for mass production because of the following
Teasons. '

: (i) Roughing and finishing operations in machining a job are often completed in single
stroke of the broach, giving high rate of prc?ductlon. ‘ _
(i) Any form that can be achieved on a broaching tool can be reproduced. effectively
on the workpiece. ‘ A R
(iii) External or fntemal surface finishing can be done mamt'ammfg flerallllc_:es +0.0075
mm needed for interchangeable production. The pnmary -alhmg Sa roaching machine
is more output in lesser time and with ﬁn‘e :wrface }t]'lms (n. X x;n:rrl?n.). .
(iv) Manufacturing sequence for obtaining varieties Ofk s age:ft:r A tf;l;clet }lls often
'simpli fied by using multiple type broaches to work on¢ In the same
~ stroke of the machine. o
(v) Operation of the broaching m?Ch‘“e o

simple and can be automated.

6, I ‘ ‘ ds R \
A264 _Bro_achlng Metho L S e ethods maybe classified as follows.
‘Accordi ‘method of operation, : — "
fiis -,r 6“18 - the m;tn (ii) PUSh.broaCh::f)ﬂChing ‘
((l; l;ul:fbroz:: lcghing‘ 511 (iv) Continuous
iii) Surface broa
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——

1. Pull broaching: The job is held stationary and the broach is pulled through the work
while being held in a special head. This method is generally used for internal broaching.
Longer broaches are used in pull broaching.

2. Push broaching: The job is held stationary and the broach is p:s.hed thrlougfh the job.
Hand press or hydraulic press is used for push broaching:. _The met:)lo 1; popular for cutting
keyways and for sizing holes. Shorter broaches are used 1n push broaching.

3. Surface broaching: This method is used mostly for surface finishing. Either the job or
the broach moves across the other. Irregular and intricate surfaces are finished by this method
using specially designed broach for each job.

4. Continuous broaching: The job is moved continuously anq the broach is held stati9nz}ry,
Movement of the job may be either straight horizontal or circular. A number of similar
workpieces can be broached at a time.

6.26.5 Types of Broaching Machines

Among all the machine tools, broaching machine is the simplest unit since it consists of a
fixture to hold work, a broach, a drive mechanism for broaching and a machine frame.
Broaching machines can be broadly categorized as follows:

1. Horizontal broaching machines are generally pull type (Fig. 6.178). These are
used for cutting keyways, slots, splines, round holes and other internal contours.

Puﬂing head
SN el
B
() 971 Broach! T Work |
Work holding 1.
fixture - \

. Fig. 6.178 _Horizontal broaching machine.

ST, Vertical br‘oa'ching machines may be either pull or push type, the latter being more
. zOPUIar' Block diagram of such a machine is 'shown in Fig. 6.176. They occupy less
oor area. ' '

& Bt 3. Surface broaching machines have broaching tools fixed to a ram or rams which

| are moved in sfraig_ht path in guide ways past the workpiece. When two rams arc
£nio used, the machine is called duplex broach.

B 4. Continuous broaching machines are used for mass production of small parts. In
o rOtary continuous broaChing maChineIS' (Flg_ 6_179), the workpieces are clampﬁd on
the table:which:is ‘rotated continuously and the broach is stationary. In horizontal

.~ continuous broaching machines, the workpieces move as they are carried by an
endless chain (Fig. 6.180) while the broach remains stationary.
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—

Workpiece

Rotary table
479 Rotary continuous broaching machine. Workpieces are mounted on a rotary table whereas

Fig. 6. broach is fixed (stationary).

Broach -

Workpieces

Endless chain

Flg 6.180 Horizontal continuous broaching machine. Workpieces are mounted on an endless chain as
they pass under the stationary broach.

6.26.6 Limitations of Broaching

The following are the limitations of broaching: :
" (i) The cost of tool is high. Making a broach is an expensive job.

(i) Very large workpiece cannot be broached.
(iii) Surface to be broached cannot have any obstruction in the way of broach.

© (iv) Large stock of metal cannot be removed by broaching.
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) FINISHING

24 Finishing Processes

4 carlier that grinding operation is done 10 finish workpicces which p,
pe and dimension by removing comparatively g,

m in most grinding ovo_‘unosm.mosnﬁio_.ﬁ 3_
Jications grinding does not meet the requircments of accuracy and surface finish, Hence,
% 1ca "

¢ finish is desired on a job for reasons of accuracy, appearance or looks o g

2 cumm resistance against wear, fatigue, corrosion and better dimensional accuracy of malting
%3

isi rface finishing processes (such
articular fit, then onc of the precision su s ch
ans (0 w.”._”_m super-finishing, buffing, ctc.) should be employed. These micro-finiship,
sppings Bsrn.cwo of an abrasive to remove V& small amount of material (for example,
OCESSES. “ng operation) which is much less than that REQ.‘& even by
esses are used exclusively for finishing and polishing.

—r o Further, these proc ey s
_”N—.E finishing_processes include honing, 12 r-finishing, polishing, buffin

i f sha
ioh quality and accuracy 0
f material, usvall 0251005 m

e : , ._,..n,a w:m _.mu.:n.v»; holes an
: o is an abrading process mostly us loles an
WMM.__.M_.M ﬂ—anaa umaﬂnom using bonded abrasive stones (called hones). Honing is, in fact,

3 culting operation and is uged to remove material less than 0.25 mm but sometimes itis

used to remove stock up to 3 mm also. The honing ‘ .
is mainly used to correct some out of _‘o_:_m_:omm.
,:__.2 and tool marks left by previous operation ot
,%. Honing is donc by means of E.:Maoa
abrasive grit sticks (of aluminium oxide or silicon
carbide) ‘applicd to the surface to be —.5:2,“ under
controlled pressure and with a combination of _.9.5 g S
and reciprocating motions of sc_.nm.:a.m. >. typical
honing tool-head for vertical honing machines 1S shown
in Fig. 6.156 in which honing stones are _oomo_.<
held in holders or caged spring type wheel spring 1s )
compressed as tool enters bore. Stones are cemented G i
into metal shells which are clamped into holders or ﬂ m
cemented directly in the holders. Stones are spaced : s
at -om.aw—v intervals around the holder. The metal frame Fig. 6.156 *Honing tool used on
holding the abrasives is called hone or honing vertical honing machines.
tool-head which may be intemal type or external
- \{type t0;perform internal and extemal honing, respectively. Honing tool-head provides 2
‘1" floating action between the work and the tool and any pressure exerted (mechanically o
hydraulically) on tool is transmitted equally to all sides. Honing tool is given slow reciprocati®

‘motion as it rotates which results in rapid removal of stock and at the same time generatio?
it of a straight and round surface. Liberal supply of coolant (sulpherized base oil of fard oil
ol 4.5 wanmanv is necessary to keep abrasives clean. , -
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:11s honed range from plastics, si
Zao:___w_ plastics, silver, aluminium, b i ar
g . , brass and cas
" cnted carbides. Tough non-ferrous metals cause glazi e el

d . :
and L stick and are thus_difficult to hone. The usual honing allowance i

ing of voids of

H ing i 0.25 mm
gener fy- Examples of honing work include bores of cannons, dicsel engine cylinders, cylinder

head pores of automobiles and acroplanc engine cylinders, connccting rod bearings, hub holes
. 0carsy ctc. 5 i
in 8 Honing can be mo:n. manually whercin the tool is rotated and the work is passed back
ond forth Over the tool |Fig. 6.156(a)]. Honing can be donc on general purpose :Sﬂrm:om such
a¢ Jathes drill press, | rtable drills cte. Special honing machines are available for production
~ork. These arc :oqmsoan_ and vertical type. A honing machine rotates and reciprocates the
pone inside (or .oca_anv. the hole being finished. Horizontal machines are used for guns and
Ew\. v\mm!_ou_ :o.::m :.E&..:om are more common for shorter jobs. Maximum bore size
hat can be honed convenientl inimum size i mm in diameter.
al holes may be honed on_multi-spi i ]

e .29 6.156(a) ~ A manual honing tool.

Lapping fome TNmREL
Lapping is a finishi yrocess and is done after grinding. Lapping produces geometrically
..Enuca.uoom. corrects minor surface imperfections, improves dimensional accuracy and provides ’
EEWO:SQ surfaces. Since very thin layers of metal (0.005 to 0.01
_mm) are removed in lapping, EM. therefore, unable to correct substantial crrors in form and
sizes of surfaces and is a low efficiency process used only when specified accuracy and
surface finish are not obtainable by other methods.
‘Most lapping is done with the help of lapping shoes, called laps which are rubbed
against the work. The lap made of soft matenal such as soft i
steel .mw mbbed against the work with abrasive slurry in between. The abrasive slu
abrasive powder such as emery, corundum, chromium oxide, iron oxide, etc. mixed with 2
<§§a.\.c.n.._=dnnu=.. used 1o hold abrasives which may be oli il, lard of ineral oil)
or_special pastes with some carrier. Laps ‘may be operated by hand or machine, the motion

W._Mo—.mo_wﬁ or reciprocating. In hand lapping [Fig. 6.156(b)}, cither the lap or the workpiece
_held by han :

by of other enables rubbing of two surfaces in contact. Lapping
Savw__:a;-.m spread over grey cast iron plate. Grey cast iron, being porous, retains the
abrasive grains (lapping medium). Workpiece is placed over the lapping medium and rubbed
. ,oxo_._.im same, Movement of the workpiece has to be along an irregular path (shape of No. 8).

lathe ;or; dense may be used for lapping cylindrical work wherein the lap is reciprocated
over the:work-in an ever-changing path. Flat surfaces may be lapped by holding work against




- and ‘not ‘a- dimensioning_operation since only 0.002 to 0.02 mm

:m._ng.m:mm&_owmir_n: have been previously ground or precision turned. Super-finishing-
{ 3 ( ;”0 ‘.} i ] : - .
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) ¢ ath over a station

a rotating disc or work may be removed by hand in gﬁwﬁwwww“uw spindle lappin Mw...““ — ‘

plate lap. Lapping machines available for the job Eﬂn:’.ooa two opposed laps on Verticy r-finishing is large m:._ mrn 30_ maintains a r
(Fig. 6.156(c)) used for lap flat and round surfaces roduction of round parts Iike Piston and thus stone motion is multiple, random and
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ntact with the work while

_very rapid. The finis i
. jllatin N . 2 =
. ; hine for continuous and (c) abrasiy oscl k surface depends on the time for which the stone is the contact with work
dles, (b) centreless lapping machin i , shafts, etc. al e bel the WOT i i . The
ww__.“ wo»_m:vm races, cups, molding &mnm. ﬂ:..w“%uh_omhwa clothes. Lapping Buzg seversal of the stroke is short as compared to long stroke of .—.o:o leading

. A : d cams using a
lapping for lapping bearings an

to the accumulation
t of chips. A ula
3 Tap mutually improve their shapes and surface, o_,\.a::. lapping whe, of a large amount © P
lapping when work and lap m

Super-finishing is shown in Fig. 6.157. The work rota
shape of lap is imparted to the work. ,

\ Fig tes and the tool (stone) maintains
atact with the work while oscillating as shown.
co!

The stone is held in a holder or

workpiece. The workpiece is rotated at a very slow speed
plock reciprocates wo?.,.u_dm m.a vmoxinmaw at a rapid rate, resulting.into an oscillating motjon
of stone. Suitable lubricant is used. ica ke of super-finishing tool may be lws

with oscillating frequency of 2 kHz. The abrasive stick or stone used is of very fine grit (400

to 600). Super-finishing speeds used are from 10 to 40 m/min and the working pressure is
kept as 0.1 to 0.3 MPa. A special lubricant, usually a mixture of kerosene and oil, is used 1o
-obtain a high quality of surface finish. .

- As the workpiece rotates, the stone

Castiron
checkered plate

Fig. 6.156(b) Hand lapping.

ik Conditioning
rings or cages

s e gy

- 1'Fig. 6.157. - Operation of super-finishing. 3

Examples of super-finishing work include automo

bile pistons, crank shaft journals, cam

shafts, automobile valves, cylindrical shanks of valv ts, etc.
@ Super-finishing is sometimes done on lathe, but special purpose super-finishing machines
] are available for the job. : P

lowerplate . Polishing MG ,

Polishing is a surface mimrmlw operation done for the

.marks, pits and other defects from rough surfaces. A polishing wheel made of leather, paper
or canvas, felt or wool is used with abrasive grains set-u with_glue or thermo setting resins

e.-The work is held against the rotating wheel to give the desired finish.

olishing is very similar to grinding and the work is applied by hand to wheels mounted on
floor stand girders. Except honing, lapping and super-finishing, polishing may follow any of
the machining methods. ;

£~ Only a very small amount of metal is removed in polishing. Components to be o_oanoE»m&
© usually polished prior to plating. For lustrous smooth appearance on stainless steel utensils,
i t finished hand tools are finished by polishing followed by buffing. * :

purpose of removing scratches, tool

Super-finishing’ ; i : g -
Super-finishing is mostly done for obtaining extremely high quality surface m:_m.s along wi
.an almost complete absence of defects in surface layer. It is thus primarily a fi

operation. It is considered most efficient in s

ce refining of cylindrical, flat, m::od.n»_iuﬁ
The metals that can be finished by this process are steel, cast iron and

; he r_polishing. The process
tool, ¢ . consists of applying a very finc abrasive with a rotating wheel made of felt, clothe and ~nu§.an.
n_more motions of the abrasive tool. The n.Q:SQ e ; - .

. Al . f quill and
placed on the workpiece. The quill is spring loaded to g i
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