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Question 5
(a )Step turning is an operation performed on lathe machine where the excess material is removed from the work piece to obtain various steps of different diameters.
(b) In machining, boring is the process of enlarging a hole that has already been drilled (or cast) by means of a single-point cutting tool (or of a boring head containing several such tools), such as in boring a gun barrel or an engine cylinder.
(c) Reaming is a cutting operation with a multi-edged cutting tool which is constantly in action. Reaming is applied to finish drilled holes accurately to size and with a good surface finish.
(d) Knurling is a process of impressing a diamond shaped or straight line pattern into the surface of a workpiece by using specially shaped hardened metal wheels to improve its appearance and to provide a better gripping surface.
(e)  Drilling is the operation of producing a cylindrical hole of required diameter and depth by removing metal by the rotating edge of a cutting tool called drill. Drilling is one of the simplest methods of producing a hole. Drilling does not produce an accurate hole in a workpiece.
(b)Geometry
[image: Single Point Cutting Tool Geometry]
1. Shank: It is that part of single point cutting tool which goes into the tool holder. Or in simple language shank is used to hold the tool.
2. Flank: It is the surface below and adjacent of the cutting edges. There are two flank surfaces, first one is major flank and second one is minor flank. The major flank lies below and adjacent to the side cutting edge and the minor flank surface lies below and adjacent to the end cutting edge.
3. Base: The portion of the shank that lies opposite to the top face of the shank is called base.
4. Face: It is the top portion of the tool along which chips slides. It is designed in such a way that the chips slides on it in upward direction.
5. Cutting edge: The edge on the tool which removes materials from the work piece is called cutting edges. It lies on the face of the tool. The single point cutting tool has two edges and these are
(i) Side cutting edge: The top edge of the major flank is called side cutting edge.
(ii) End cutting edge: The top edge of the minor flank is called end cutting edge.
6. Nose or cutting point: The intersection point of major cutting edge and minor cutting edge is called nose.
7. Nose radius: It is the radius of the nose. Nose radius increases the life of the tool and provides better surface finish.
8. Heel: It is a curved portion and intersection of the base and flank of the tool.
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sduﬂon:
Given © D, =100 mm, /=300 mm, V =157.5 mpm,

£=0.5 mm/rev. Depth of cut = 0.75 mm,
Machining allowance = (D‘ ADZJ =6.25 mm
nD,N
v = |
% 1000
100
g = DRI0OXN,
1000

N = 501.338 r.p.m.

Machining allowance
Number of passes = — T
Depthof cut

Machining time for single pass,
i 300

T = SR B
fxN  0.5x501.338
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T = 1.196 minutes

For 9 passes,

T = 1.196x9 =10.771 minutes
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i) Erater wear : 1

e In cutting tool, generally wear takes place at the tool face; say a distance ‘a’.
This type of wear takes place while machining of ductile materials, in whwh!
\—~ continuous chips are produced. <
o Due to this type of wear, there is formation of the crater or depression at the!
" tool-chip interface.
\_e~" The main cause for the formation of a depression is the pressure of hot chip
sliding up the tool face.

e Fig. 120 shows the crater wear in which the principle dimensions of the formed:
_crater are its width ‘b’ and depth ‘d’.

Workpiece ‘

Fig, 1,20 : Principal types of Wear occurring in the cygeiny 100y
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(i) Prank wear :

e The flank below the cutting edge is the region where
\_—an appreciable amount of wear occurs.

yﬁlank wear occurs due to gbrasion between the tool

flank and workpiece.
o Due to abrasion, lot of heat is generated. Flank
e Mainly, this type of wear is more while machining wear land

erial Refer
(iii) Chemical wear :

Fig. 1.21 : Flank wear

o This type of wear occurs when a cutting fluid which is used in metal cutting is
chemically active to the tool material.

\-/Due to this chemical reaction takes place between the tool material and cutting
fluid.

. ecause of chemical reaction, there is a change in the chemical composition of
the tool material and hence, tool wears.
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Solution :
Given data: Tool life T, =80 min.  Cutting speed V, =30 mpm
Tool life T, =8 min. Cutting speed V, =60 mpm
Tofind : (i) Tool life equation (ii) V when T = 4 min.
(i) Tool life equation :
We know that, NT*

Il
Q

Vl Tl" = Vszn

Y _ W
T, v,

... (Taylor’s equation) ...
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Hence, equation (a) becomes,
e

ii) Cutting speed when T = 4 min :
As, A% T(KI 301)
V40300

v

60

30

0.5

log (0.5)
0.301

c

c
112.189

112.189

112.189
112.189
73.914 mpm

... (Taking log on both side
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1.9 Types of Chips :
During machining of various metals,
classified into following three types. The pro

the chips are produced which can be broadly

suction of any particular type of chip depends on

the material being machined and cutting conditions.

@)

Discontinuous or segmental chips :

Discontinuous types of chips are produced while machining of brittle material like

cast iron.

Fig. 1.9 shows the discontinuous chips which are produced in the form of small

segments.
Sometime, discontinuous chips are also produced in ductile material, when low

cutting speeds are used and sufficient lubrication is not provided, due to which
friction occurs between the tool face and chips, hence chip is formed into small
scgments.

Because of this, there is excessive wear on the tool face and poor surface finish on
the workpiece.

Sorn‘(‘: other causes which are responsible for production of discontinuous chips are
small rake angle on the tool face and large depth of cut.
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(b) Con

Fig. 1.9 : Discontinuous chips
uous chip :

Continuous chips are not produced in small segments.

Continuous chips are produced during machining of ductile materials like mild
steel. Refer Fig. 1.10.

| Workpiece ™

Fig. 1.10 : Continuous chip
For producing continuous chips in ductile materials, there should be high cutting
speed and minimum friction between the chip and face of the tool.

To reduce the friction between the chip and tool, the tool face is polished and
sufficient quantity of coolant is used.

©)  Centinuous chip with built-up edge :

When a high friction exists between the tool face and chip in ductile materials, then
this type of chips are produced, as shown in Fig. 1.11.

The normal reaction i.e. Ny of the chip is quite high on the tool face.
Generally Ny, is maximum at the nose or cutting edge of the tool.

Due to Ny high temperature is generated and metal which is already compressed to
the tool nose gets welded to the nose of the tool.

Due to high temperature chip is oxidised and turns blue in colour.

The extra metal which is welded to the tool nose is called as built up edge.
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Due o this buil up edpe, the rake angle
hence ¢ ulting: for

Al changy

The causes which are responsible. for
producing buil up cdpe are low culting,
speed, exe small rake angle
and insufficient quantity of lubricant.

wive feed

To avoid formation of built up edpe,
coctficient of friction between the chip
and ool is minimiscd by polishing the
uate supply

100] face and providing

of coolant during the process

Fuilt- up

Chip.

wdgn

Viorkpiecs

Fig. 111 : Continuous chip with
built-up-cdge
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Solution :
Givendata: D=50mm, V.=20m/min, a.=15° f=02 mm/rev. = t;
L, =80 mm/rev.

Caleulate:  ()r (D¢ (i)Ve  (v)y (V) Shear strainrate
ll L’z
(i) Chip thickness ratio : 1 == l_z :f‘

Length of uncut chip per revolution = Circumference of workpiece = L,
L, =D =nx50= 157.079 mm/rev

r =
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N

. . cosc_ _ _0.509 cos (15)
(if) Shear planc angle (@) :  tan ¢ = T an a5
o = 20.52° ...Ans.
(i) Velocity of flow (Vy) : Vi = Veer =20x0.509
: Vi = 10.18 m/min ...Ans.
) G N cos o _ cos (15)
@v)jShear strelni(v)'s Y= Cos(@—o)sing  cos (29.52 — 15) sin (29.52)
vy = 2.025 ...Ans.
(v)  Shear strain rate :
2.025
Shear strain rate = ¥ =55

= 10.125 rev/mm ...Ans.
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Fig. 3.16 : Main parts of a planer

1) Bed

It is a heavy box like casting which is provided with cross ribs for additional strengh
and stiffness.

The length of bed is twice the length of the table.
Atits top, it carrier V-ways or flat ways to support and guide the table.
All the ways are straight, parallel and accurately machined,

2) Table

The table is made of cast iron with an accurately machined top.

At its top, it carries T-slots and holes to accommodate the clamping bolts and other
devices.

The work is directly mounted and clamped on the table by using various devices,

On its sides, the table carries adjustable stops to reverse its motion at the end of each

stroke. .. . -
Also, in planer table, there is provision of a suitable safety device to prevent the heavily
50,

loaded reciprocating table from running out in case of failure.
loadex
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l 3) Housings or columns

Columns are vertical members situated on both sides of the planer bed.

4 Inside them, they carry the different mechanisms for transmission of power to the upper
parts of the machine, from the main drive.

The front faFc o.fcach housing are accurately machined, to provide guide ways on which
the cross-rail slides up and down, for accommodating different jobs of different heights.
Two side tool heads also slide vertically along the same guideways.

4) cross-rail

- It is a horizontal member of heavy structure which connects the two vertical housings of

the machine.
By means of elevating screws provided in housings, it can be raised or lowered on the

front face of the housings and can be clamped at any desired position.
In order that the cross-rail is moved up and down uniformly on both ends, both the
elevating screws are rotated simultaneously by a horizontal shaft, mounted on the top of

the machine, through a set of bevel gears.
The front face of the cross-rail is accurately machined, to provide guideways for the tool

head.

. The cross-rail enclose the screws for vertical and cross feed of the toolheads.

5) Toolheads
. The toolhead consists of a saddle, swivel base, vertical slide, apron, clapper box, clapper

block, tool post and downfeed screw.
The saddle is fitted on the ways of the cross-rail on w]

The toolheads on the cross-rail are independently operated.
n a planer and any or all of them can be used at

‘hich the toolheads may be fitted.

¢ Atmost four tool heads can be mounted i
a time.

6) Driving and feed mechanism

+  For driving the table various mechanisms like quick
etc. are provided with the planer.

return mechanism, feed mechanism,
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Sr.
No.

Shaper

Planer

It is comparatively light duty
machine.

It is a heavy duty machine.

The tool is held on the ram
which reciprocates and work
mounted on the table is
stationary.

The work mounted on the table
reciprocates while the tool is
rigidly held on the machine frame.

It requires less floor area.

It requires more floor area.

The work may be clamped
directly on the table or held in
a vice or chuck.

The work may be clamped directly
on the table by using fixture or,
clamping device.

Very heavy cuts and coarse
feeds cannot be employed.

Heavier cuts and coarse feeds can
be employed.

Usually only one tool is used.

Several tools can be mounted and
employed simultancously (usually
four) facilitating a faster rate of]
production.
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7. Cutting takes place by moving Cutting takes place by
the cutting tool over the job. reciprocating the work under the

tool.

8. Setting of work is easy and Work setting requires much skill
quick. and takes long time.

5. Used for machining relatively Used for machining large flat
small surfaces. surfaces.

10. Indexed feed is given to the Indexed feed is given to the tool
work during the idle stroke of during the idle stroke of the work|
the ram. table.

11. Light, small and has less cost. Heavier, larger and costlier.
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Shank.

End Cutting Edge
Side Cutting Edge

Minor Flank Flank (Major Flank)

Nose f

Heel
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12 cutting operation, thickness of upward flowing chip is more than the actual
D) because the ehip Hows upward at a slower rate than the cutting velocity.

= Chip flow velocity is affected by shear plane angle.

Smaller the shear plane angle, lower will be the chip flow veloeity and hence larger y,
be the chip thicknes

as shown in Fig. 1.12.

Let,
t, = Chip thickness before deformation
t; = Chip thickness after deformation
r = Chip thickness ratio = (-
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As we have seen. 1, - 1,

K = Chipred
K
@ = Shear plane angle

Rake angle
Length of metal o

\

Hence, I
~_ ‘_ / oL,
Or we can write, h

u

t

.

4

but, o

but , k

In Fig. 1.12, there are two right a
angle triangle OMP,

sin ¢
or or
or

Now, consider AONP,
sin (NOP)

ion coefficient

Length of the chip

Tn orthogonal cutting, chip width is same as width of cut

ngle triangles i.e. AOMP

Mmp
or
MP

sin (90 —

{

Assuming specific gravity of metal as constant, the volume of the chip produced will be
1o the volume of the metal cut.

As width of both will be the same, the product of chip thickness and its length will be
equal to the product of thickness and length of the metal cut.

A

- A
]
[ )
1.1
%: G2,

and AONP. Considering right

Nl
t.
o MP =) .(1.3)
ty L
sSN= S ‘
o+ o= NE ¢ ol
3o LA E g
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or cos (¢ — o)

op

Equating equations (1.3) and (1.4), we get,

4
sin ¢
L
b

r=

We can write, r=

r(cos ¢ -cos o) +1(sin¢- sin o)

sin ¢ sin 0
I cosoL

+rsino
tan ¢

reoso _

tan ¢

tan ¢ =

__NP_
cos (¢p— )

S -
cos (¢— )

t
cos (¢ — )
sing
cos (¢ — o)
sin
cos (¢p— )

sin
cos ¢ cos oL+ sin ¢ sin o

=sin ¢

r(cos ¢ - cos &) +rgsinQ-sinoQ _

1

1—rsina

T cos o

—rsina

(2 sin (90— g) <

- e
Co

L. (16)




